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       5602Hesper Rd. 
         Billings, MT 59106-3236 

         (406) 656-1172 

         Fax:  (406) 656-8912 

         www.hydrometrics.com 

 

July 25, 2012 

 

Mr. Chris Yde 

Coal Program Supervisor 

Industrial and Energy Minerals Bureau 

Montana Department of Environmental Quality 

P. O. Box 200901 

Helena, MT  59620-0901 

 

Re:  Application for Permit, Otter Creek Mine 

Dear Chris: 

On behalf of Otter Creek Coal, LLC Hydrometrics, Inc is pleased to submit herewith an 

Application for a Strip Mining Permit pursuant to the requirements of 82-4-222 MCA and 

pursuant rules.  Included are a completed Coal SMP Application form and supporting 

information addressing the application requirements of ARM Title 17, Chapter 24, Sub-chapter 3 

and the applicable related performance standards of Sub-chapters 5, 6 and 7. 

The Permit Application Package (PAP) is in Adobe pdf format on four DVD’s.  There are four 

types of documents included:  Permit Narrative, Baseline Reports, Maps and Exhibits; numbers 

for Baseline Reports, Maps and Exhibits are keyed to the Rule number.The PermitNarrativeis 

arranged by Subchapter 3 Rules, with the application requirements and related performance 

standards addressed together.  Environmental Baseline Reports required by Rules 17.24.304, 306 

and 325 are on two disks.  These reports describe environmental conditions in the Permit Area 

and provide the baseline record and will not be revised going forward, although they may be 

amended as future amendment applications to expand the permit area are submitted, or as new 

supplemental information becomes available.  Baseline Reports include supporting maps, 

figures, tables and appendices as appropriate.Maps required under Rule 17.24.305 are grouped 

together and are referenced in other sections where applicable; it is anticipated that maps will be 

routinely revised going forward.  Exhibits describe the mining and reclamation plan addressing 

the specific requirements of Sub-chapter 3 and related performance standards.  Exhibits are in 

narrative form with supporting tables, figures, plates and appendices as appropriate, and will be 

revised routinely going forward.  The modular structure of the PAP will facilitate future 

revisions, and eventual adaptation to a digital permitting system. 

Hydrometrics, Inc.  

     

 

Consulting scientists and engineers  

http://www.hydrometrics.com/
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The PAP contains sufficient information to begin review and initiate the MEPA process, but 

some items are not included and will be submitted at a later date.  Environmental baseline studies 

were planned and conducted using Tract 2 as the primary study area.  However, the permit area 

has been expanded to include a portion of Tract 3 and adjacent portions of Sections 4, 9 and 10 

(T.4S, R.45E) to accommodate mine facilities and hydrologic protection considerations.  It is 

necessary to complete supplementary investigations of cultural resources, soils and vegetation on 

these additional areas; the field work is being conducted during the 2012 field season and 

supplements to corresponding Baseline Reports 304A – Cultural Resources, 304J – Vegetation, 

304L – Soils and 304M – Land Use will be submitted later this year. 

In addition, the following items are not included for various reasons and will be submitted at a 

later date: 

Exhibit 303I – Insurance Certificate.  The liability insurance certificate will be submitted at or 

before the time of permit issuance.   

Baseline Report 304B – Cultural Site Testing. Testing of sites is in progress, and it is anticipated 

that eligibility recommendations will be made later this year, with mitigation plans to be 

submitted prior to disturbance. 

Baseline Report 304K – Wildlife.  The field work is complete, but the principal investigator has 

experienced a family medical emergency over the past several months and was not able to 

complete the report as scheduled.  It is anticipated the Wildlife report will be completed and 

submitted in August. 

Baseline Report 325B – Agricultural Production.  This report will address hay production in 

potential alluvial valley floor areas of Otter Creek and its tributaries in and adjacent to the Otter 

Creek Coal Tracts.  The field work is being conducted during the 2012 field season and will be 

submitted when complete later this year. 

Map 6 – Cultural Sites.  This map must show all identified cultural sites with NRHP eligibility.  

As noted above, site testing is in progress, and the map will be submitted when eligibility 

recommendations are complete and approved by the SHPO. 

Map 13 – Revegetation Map.  This map is deferred pending review and approval of the post-

mining topography (PMT) and revegetation procedures described in Exhibit 313G – 

Revegetation Plan. 

Map 14 – Post-Mining Drainage Plan.  This map is deferred pending review and approval of the 

PMT. 

Exhibit 313B – Bond Calculation.  Calculation of the cost to reclaim is deferred pending review 

and approval or reclamation plans. 



Exhibit 318A Cultural Resources Miti!mtion. As noted above, cultural site mitigation plans will 
be submitted when eligibility reco=endations are submitted and approved by the SHPO. 

Reclamation plans for Prime Farmlands (ARM 17.24.318) and Alluvial Valley Floors (ARM 
17.24.325) are not included because there have been no formal designations of either. The need 
to address these rules, if any, will be guided by the review process. 

On behalf of Otter creek Coal LLC, I respectfully request that Industrial and Energy Minerals 
Bureau (IEMB) initiate the completeness review recognizing that the above items have been 
defened. 

On behalf of Otter Creek Coal, LLC and the entire project team, I would like to thank you and 
your IEMB staff for all of your assistance in planning baseline studies and developing mining 
and reclamation plans that comprise this PAP. Tbis submittal marks the first major milestone in 
the permitting process, and we look forward to working with you during the course of your 
revIew. Please contact me if there are any questions or concerns regarding the contents of tillS 
PAP. 

Sincerely, 
Hydrometrics, Inc. 

Heidi Kaiser 
Project Manager 

C: M. Rowlands, Otter Creek Coal, LLC 
D. Simpson, Simpson and Associates, Inc 
WESTECH 
Bison Engineering, Inc. 
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OTTER CREEK MINE 


17.24.302 FORMAT, DATA COLLECTION, AND SUPPLEMENTAL 


INFORMATION 


17.24.302(1) 
Information set forth in the application is accurate, current, presented clearly and concisely, and 


supported by appropriate references to technical and other written material available to the 


department.  


 


17.24.302(2) 
All tests, analyses, surveys, and data collection carried out pursuant to these rules has been 


performed or certified by a qualified person using scientifically valid techniques approved by the 


department and have been carried out at appropriate times and under appropriate conditions.  


Exhibit 302A includes qualifications of organizations and individuals providing information 


submitted with this application. 


 


17.24.302(3) 
All chemical and physical laboratory analyses have been conducted by a laboratory using 


departmentally approved and standardized procedures. Otter Creek Coal, LLC (OCC) will make 


available to the department quality assurance information or duplicate or split samples, as 


required by the department. 


 


17.24.302(4) 
All technical data submitted in the application is accompanied by:  


(a) names and addresses of persons or organizations that collected and analyzed such data;  


(b) dates of the collection and analyses; and  


(c) descriptions of methodology used to collect and analyze the data. 


 


17.24.302(5)  
An application for a mining permit has been made on forms provided by the department. 
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17.24.302(6)  
The application area includes two parcels of federal surface administered by BLM, but the coal is 


owned by the state of Montana, and is not subject to federal regulation. This application is being 


submitted in digital form, 


 


17.24.302(7)  
Unless a larger scale is required by the area depicted, maps have been prepared at scales of 1” = 


800’ for the application area and 1” = 1000’ or 1” = 2000’ in cases where it is necessary to show 


adjacent areas.  Because maps have been prepared digitally, scale may be adjusted electronically 


as required for review.  


 


17.24.302(8)  
With the information on land uses, soils, geology, vegetation, fish and wildlife, water quantity 


and quality, air quality, and archeological, cultural and historic features, the name, address, and 


position of officials of each private or academic research organization or governmental agency 


consulted in obtaining that information is submitted where applicable.  


 


17.24.302(9) 
Whenever used in the application, referenced materials have been provided to the department if 


not readily available to the department. When provided, relevant portions of referenced 


published materials are presented briefly and concisely in the application by scanning or 


abstracting and with explicit citations. 
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		17.24.302(5)
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OTTER CREEK MINE 
EXHIBIT 302A:  QUALIFICATIONS 



Hydrometrics, Inc. 
Hydrometrics is a Montana based engineering and scientific consulting group with over 30 years 



of experience providing services to industrial, municipal and public sector clients.  An employee 



owned company; Hydrometrics has approximately 40 employees with offices in Helena, 



Billings, Colstrip, Missoula, Kalispell and Coeur d’Alene, Idaho.     



 



Hydrometrics has experience with a variety of mining projects in Montana and throughout the 



western U.S.  These projects have included permit preparation and involvement in the 



environmental analysis (EIS or EA) for many of the major mining properties in Montana 



including Western Energy and Peabody Coal operations at Colstrip; Westmoreland Coal 



Company’s Absaloka and Savage mines, the Shell Pearl and Shell Youngs Creek properties, 



Consol’s CX Ranch, Montco and Otter Creek properties; the underground coal mine currently 



operated by Signal Peak near Roundup, Maple Carpenter Creek’s project near Melstone and hard 



rock mines including Montana Tunnels, Stillwater, Troy, Rock Creek, Montanore, Golden 



Sunlight and others.  Hydrometrics also has extensive experience with key mine related issues 



involving both underground and open pit mining, water quality, hydrologic modeling, 



geochemical monitoring, reclamation, wetlands and threatened and endangered species.  In 



addition to technical expertise related to mining and natural resources, the Hydrometrics team 



has experience with the MEPA, NEPA and public participation process.   



 



Heidi Kaiser, P.G., based in the Billings office, conducted overall project management 



responsibilities.  Ms. Kaiser has over 20 years of experience managing and performing 



permitting and environmental assessment projects for the energy industry in Montana and 



Wyoming.  These projects involved regulatory negotiations, technical oversight and review, as 



well as managing budgets and maintaining cohesive project teams.   



 



Al Hilty, P.G., is the lead hydrologic investigator for the project.  Mr. Hilty’s project experience 



includes extensive coal exploration, coal mine permit preparation, PHC and CHIAs associated 



with open pit mines, groundwater and surface water monitoring programs, aquifer testing, 
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groundwater modeling, and development of water supply systems.  For the past 21 years, Mr. 



Hilty has supervised projects at numerous coal mines and industrial sites in eastern Montana 



providing expertise to projects involving hydrogeology in the Fort Union Formation. 



 



Doug Parker provides technical assistance with overburden evaluation, reclamation plan 



preparation and MEPA/NEPA issues.  Doug has extensive consulting experience supporting 



mine permitting in Montana and the Western United States and EIS projects. 



 
Simpson & Associates LLC 
Dave Simpson, independent consultant and former V.P. Environmental Affairs Westmoreland 



Coal Co., will serve as technical and strategic coordinator for the permit preparation effort.  His 



extensive experience with coal permitting and the Montana agencies provides important insight 



and direction during all phases of the permit process.  Dave is located in Helena where he can 



coordinate efficiently with state agencies. 



 



Dave has 38 years of experience with environmental baseline studies and permitting of surface 



coal mines in the Northern Great Plains, primarily in Montana.  In 2009 he retired from 



Westmoreland Coal Company after 34 years of service, where for most of his career he was 



based at the Westmoreland Resources, Inc. Absaloka Mine at Sarpy Creek, Big Horn County, 



Montana.   



 



Bison Engineering, Inc. 
Since Bison’s beginning in Helena Montana in 1980, Bison Engineering, Inc. has been the 



premier full-service air quality consultant serving clients in Montana and throughout the West.  



Bison’s expertise includes constructing and operating ambient air and meteorological monitoring 



networks, testing stack emissions, preparing air quality permit applications and providing 



environmental regulatory assistance.  Bison’s 21 employees are located in Helena near the 



regulatory agencies that they often work with, and in Billings where many of their clients do 



business.    



 



Chris Hiltunen Lead Investigator for Ambient Air and Meteorological Monitoring; Chris is an 



environmental engineer with over 15 years of experience in environmental consulting.  His areas 
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of specialty are ambient air and meteorological monitoring, and air quality permitting (pre-



construction, New Source Review and Title V).   



 



Kevin Mathews Lead Investigator for Air Quality Permitting; Kevin Mathews is an 



environmental engineer with over ten years of experience in environmental consulting.  His areas 



of specialty are air quality permitting (New Source Review and Title V), regulatory 



interpretation and application, control technology review, and preparing environmental impact 



studies.   



 



Jeff Chaffee and Hal Robbins Senior Management and Direction; Mr. Chaffee and Mr. Robbins 



are both officers of the company with over 60 years of combined professional experience 



including all aspects of air quality monitoring and evaluation, permitting and regulatory matters.  



Both previously served as managers of Montana’s air quality regulatory program. 



 



WESTECH Environmental Services, Inc. 
WESTECH was incorporated in 1976 in Helena, Montana to provide environmental consulting 



services to private and government clients, including coal and hard rock mining, pipelines, 



transmission lines, land management agencies, etc.  Professional services include baseline 



vegetation, wetlands, soils and wildlife inventories, environmental planning and mitigation, 



permit application preparation, construction monitoring for environmental compliance, 



environmental analyses and impact statement preparation, mitigation success monitoring and 



preparation of environmental sections of construction bid and contract documents for industrial 



clients.   



 



Ken Scow Lead Investigator - Vegetation; Ken has been a biologist/botanist with WESTECH 



since 1978.  He has supervised and contributed to numerous investigations in the western United 



States.  Ken also conducts post-construction assessments of revegetation to evaluate success and 



facilitate bond release.   



 



Patrick Farmer Lead Investigator – Wildlife; Mr. Farmer provides direction and expertise for 



WESTECH’s wildlife and fisheries surveys.  He has designed, managed and/or implemented 
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wildlife investigations and monitoring studies for proposed or existing coal and hard rock mines 



in the western United States.  He has been a principal with WESTECH since 1976.  



 



Corey Baker Lead Investigator – Soils; Corey is a wetland ecologist with nine years experience 



in soil surveys, remote sensing analysis, project permitting and land restoration research.  He will 



be assisted by Duane Noel, a soil scientist with extensive experience completing mine baseline 



soil investigations. 



 



L. Dean Culwell Lead Investigator - Wetlands and Reclamation Plan Preparation; Dean has been 



a project manager, director of plant ecology and reclamation programs for WESTECH, and 



principal since 1976.  He directs the preparation of various permit applications and reclamation 



efforts on several linear projects.   



 



Ethnoscience, Inc. 
Ethnoscience, Inc. is a successful, woman-owned, DBE-certified company in business since 



1982.  Ethnoscience offers expert services in all aspects of archaeological, anthropological 



historical and ethnological services in Montana, North Dakota, Wyoming, Idaho, South Dakota, 



Washington, Nevada, Nebraska, Georgia and Wisconsin.   



 



Ethnoscience has a staff of nine full time employees capable of fulfilling the majority of cultural 



resource tasks.  On staff are six MA-level archaeologists, two BA-level archaeologists and one 



MA-level historian.  We have three support staff members including and editor/producer, 



clerical/bookkeeper and a drafter/GIS position.   



 



Lynelle A. Peterson is the president/owner and senior archaeologist of Ethnoscience.  She has 



over 25 years of experience as a supervisor for cultural resource investigations.  Her expertise is 



Northern Plains prehistory, historic archaeology (1820-1880), and stone ring archaeology.  Ms. 



Peterson has worked throughout the plains and has experience in both historic and prehistoric 



archaeology.  She worked for six years with the national Park Service, including three years 



examining Fort Union in northwest North Dakota.  From 1989-1991, she worked for the 



University of North Dakota where she conducted numerous projects in the state.  In 1991, Ms. 



Peterson joined Ethnoscience, Inc.; she purchased the company in 2003.  Ms. Peterson has 
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supervised hundreds of survey, testing and mitigation projects.  Her expertise includes 



archaeology of the Northwest Plains, stone feature sites, and historic archaeology of the late 



nineteenth century Euro-American and Indian sites.  Ms. Peterson has probably investigated 



more stone ring sites than any single individual in North Dakota or Montana.  In addition to 



cultural resource inventories, testing and mitigation, Ms. Peterson has participated in the 



development of cultural resource overviews; environmental impact statements; cultural impact 



assessments; Federal Energy Regulatory Commission (FERC) relicensing’s; management plans; 



memorandums of agreement (MOAs); memorandums of understanding (MOU) and 



programmatic memorandums of agreement (PMOAs).  Ms. Peterson maintains a good working 



relationship with the tribes of North Dakota and Montana and was recently adopted into the Flint 



Knife clan of the Hidatsa. 



 



GCM Services, Inc. 
Primary investigators for a portion of the cultural resources inventory and assessment were 



David Ferguson and Garren Meyer (senior archaeologists).  Gene Munson, (senior archaeologist) 



would also oversee formal NRHP assessment testing and mitigation/data recovery.  GCM 



Services principal staff has been working together for over 25 years.  This team has conducted 



large-scale cultural inventories, site evaluations and mitigation projects in southeastern Montana 



and northeastern Wyoming in conjunction with coal mine development since the early 1980s.   
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Coal SMP Application Form (06/12) - Page 1 of 2 



Montana Department of Environmental Quality Coal and Uranium Program’s  
Application for Strip or Underground Mining Permit (New or Amendment) 



  
INSTRUCTIONS-See rules and regulations pursuant to the following: This application form is pursuant to Title 82, 
Chapter 4, Part 2, MCA requiring permits for mining coal and uranium.  
 
The applicant agrees to: 



1. Submit annual progress reports as required in accordance with 82-4-226 and 82-4-237 MCA for all activities conducted 
during the report year. Yes   



2. Promptly reclaim the disturbed acreage as outlined in the reclamation plan. Yes   
3. Submit the Affidavit of Publication following the publication of the Public Notice Yes   



Attach any support documents that are referenced in this application and check the appropriate boxes below to indicate 
those attached. 



1.  Designation of Agent Form  (only required if new applicant of information has changed) 
2.  Proposed mining and reclamation plan  
3.  Copies of documents upon which the applicant bases its legal right to mine 
4.  Documentation  that the owners of the land affected have been notified and understand that the department must 



make investigation and inspections necessary to ensure compliance with the Act as well as the current mailing address 
and phone number of each affected landowner  



5.  Proposed Public Notice per ARM 17.24.401(3)  
6.  Maps per ARM 17.24.305 
7.  Bond per ARM 17.24.1101-1122 
8.  Other (Please describe):       



 
SECTION A – APPLICANT INFORMATION  
A1.   



1. Indicate which of the following is being requested (check one):  Permit    Amendment   
If for an Amendment ,  provide current Permit ID Number:       and Amendment  Number:       
Mine Type (check one):  Surface  Underground 
Mineral to be mined: Coal 
Site Name: Otter Creek Mine 
 



2. Name of Applicant: Otter Creek Coal, LLC. 
Address: P.O. Box 7152 
City: Billings State: MT Zip Code: 59103 
Office Phone: 406-245-0990Fax: 406-245-0219  
 



3. Name of Resident Agent:       
Address:       
City:      State:      Zip Code:       
Office Phone:     Cell:      Fax:       Email:       
 



4. Legal Description of Mine Area: T4 S, R45E:  Sections 3 (S1/2SE, S1/2SW), 4 (SE, E1/2SW), 9, 10, 11, 12, 13, 14, 
15, 16 (portion of E1/2), 22 (E1/2, portions of W1/2), 23, 24 (W1/2), 25, 26 
County(s): Powder River 
Quadrangle(s): Willow Crossing, Coleman Draw, King Mountain and Yager Butte  
 



5.  
Ownership 
Breakdown 



*leave blank if N/A 



Permit 
Acreage 
Mineral 



Permit 
Acreage 
Surface 



Reserved 
Tonnage 
Mineral 



 Federal: 124 533 0 



Tribal: 0 0 0 



State: 3054 101 0 



Private: 4461 7004 0 



County: 0 0 0 
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OTTER CREEK MINE 


17.24.303 LEGAL, FINANCIAL, COMPLIANCE, AND RELATED 


INFORMATION 


17.24.303(1) 


The information required by this subsection is enumerated or referenced below: 


 


17.24.303(1)(a)  


The applicant is: 


Otter Creek Coal, LLC (OCC) 


P. O. Box 7152 


Billings, MT 59103-7152 


Attn: William M. (Mike) Rowlands, Director of Operations 


Phone:  406-245-0990 


Employer Identification Number: 27-2484254 


The Applicant’s Registered Agent is: 


C T Corporation System 


1209 Orange Street 


Wilmington, Delaware  19801  


 


The entity who will pay the abandoned mine reclamation fee pursuant to 30 USC 1232 is: 


Otter Creek Coal, LLC. 


17.24.303(1)(b)  


The land to be affected is in Powder River County, Montana, in Twp.4S, Rge.45E, in the Otter 


Creek drainage.  The area is approximately five miles southeast of Ashland, Montana via U.S. 


Route 212 and Montana Highway 484, also known as the Otter Creek Road.  


 


17.24.303(1)(c)  


Names and addresses of legal and equitable owners of record, lessees, and purchasers under 


contract for deed of the surface of the area of land to be affected by the permit and the owners of 


record and purchasers under contract for deed of all surface area within one-half mile of any part 


of the affected area are listed in Exhibit 303A – Surface Ownership; property ownership is 


shown on Map 2 – Surface Ownership.    
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17.24.303(1)(d) 


Names and addresses of the present owners of record and purchasers under contract for deed of 


all subsurface minerals in the land to be affected and land contiguous to the land to be affected 


are listed in Exhibit 303B – Mineral Ownership; mineral ownership is shown on Map 3 – 


Mineral Ownership. 


 


17.24.303(1)(e) 


No person is currently engaged in strip or underground mining on behalf of OCC and OCC will 


conduct such operations should the permit be granted. 


 


17.24.303(1)(f)  


OCC is a limited liability corporation registered in Montana.  


 


17.24.303(1)(g)  


OCC is a wholly owned subsidiary of Arch Coal Inc.  The information required by this 


subsection is presented in Exhibit 303C – Ownership and Control.  


 


17.24.303(1)(h) 


The information required by this subsection is included in Exhibit 303C – Ownership and 


Control. 


 


17.24.303(1)(i)  


The proposed mine will be named the “Otter Creek Mine”.  The Mine Safety and Health 


Administration identification number for the mine has not yet been applied for, and will be 


submitted when received. 


 


17.24.303(1)(j)  


A list of all lands, interests in lands, options, or pending bids on interests held or made by OCC 


or any of its affiliate companies for lands which are contiguous to the area to be covered by the 


permit is shown on Map 2 – Surface Ownership. 







ARM 17.24.303_Otter Creek Mine.docx 3 7/23/2012//2:44 PM 


 


17.24.303(1)(k)  


OCC holds Montana Coal Prospecting Permit X2011334. 


 


17.24.303(1)(l)  


Exhibit 303E – Certification Statement is a certified statement addressing the requirements of 


this subsection.   


 


17.24.303(1)(m)  


Exhibit 303F – Three-Year List of Violations includes information on violations required by this 


sub section.   


 


17.24.303(1)(n)  


Exhibit 303G – Coal Leases includes copies of the documents upon which OCC bases its legal 


right to enter and begin mining operations in the permit area and whether that right is the subject 


of pending litigation.  


 


17.24.303(1)(o)  


Wherever the private mineral estate to be strip mined has been severed from the private surface 


estate, Exhibit 303-H – Surface Access for Strip Mining includes the information required by 


this subsection.  Map 4 – Coal and Surface Mining Rights shows coal leases and surface access 


for mining. 


 


17.24.303(1)(p)  


The proposed permit area is not within an area designated unsuitable for coal mining operations 


or under study for designation in an administrative proceeding. OCC does not claim the 


exemption based on substantial legal and financial commitments made before January 4, 1977.  


 


17.24.303(1)(q)  


Mining within 300 feet of an occupied dwelling is not proposed.  
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17.24.303(1)(r)  


The anticipated starting date for construction of facilities is July, 2014 with completion by 


December, 2016.  Preparation work for mining, soil salvage and overburden stripping - is 


scheduled for July, 2016 with coal mining initiating in January, 2017.  Reclamation of lands 


disturbed by mining will begin when sufficient spoil area is available, anticipated to be July, 


2018. Mining is anticipated to continue for 20 years with exhaustion of mineable coal in 2037, 


with final pit closure and reclamation complete three years later in 2040.  The anticipated 


number of acres of land to be affected over the total life of the permit is 4,094 acres. 


 


17.24.303(1)(s)  


A certificate of liability insurance, or evidence that the self-insurance requirements of 82-4-


222(5), MCA, are satisfied (see also ARM 17.24.1125), will be submitted after permit is issued. 


 


17.24.303(1)(t)  


A list of all other licenses and permits needed by OCC to conduct the proposed mining is 


included as Exhibit 303J – Licenses and Permits.  


 


17.24.303(1)(u)  


OCC will file a copy of the application for public inspection with the office of the Powder River 


County Clerk and Recorder at the courthouse in Broadus, Montana.  


 


17.24.303(1)(v)  


The name, address, and telephone number of the resident agent who will accept service of 


process on behalf of OCC is:  


C T Corporation System 


1209 Orange Street 


Wilmington, Delaware  19801  


 


 


17.24.303(1)(w)  


A copy of the proposed newspaper advertisement of the application is included as Exhibit 303K 


– Notice of Application.  Proof of publication of the notice will be provided after it is published, 


as required in ARM 17.24.401(3). 
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17.24.303(1)(x)  


Not applicable. 


 


17.24.303(1)(y)  


Not applicable. 
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OTTER CREEK MINE 



EXHIBIT 303A 



SURFACE OWNERSHIP 



 



Parcels identified as USDA Forest Service are BLM Miles City 
Parcels identified as Department of Interior are U.S. Forest Service and the address is correct 



















































































































































































































































































































OTTER CREEK MINE - EXHIBIT 303B
MINERAL OWNERSHIP
Ownership Summary



Township 3 South, Range 45 East, P.M.M.
SEC. LEGAL DESCRIPTION ACRES SURFACE OWNER COAL OIL & GAS OTHER MINERALS COMMENTS



25 All 640.00 Ark Land Company Great Northern 
Properties
Limited Partnership



Burlington Resources Oil & Gas
Company, LP



Great Northern Properties
Limited Partnership



Surface  subject to Option 
Agreement @ 78/178 and/or 
78/182 to Wesco Resources, Inc. 
and assigned to CoalMont, LLC 
@78/330



26 N2 320.00 Ark Land Company State of Montana Keith and K.P. Stevens, Inc. - 50%
Bruce W. Brock - 16.666%
Stephen M. Brock - 16.666%
William M. Brock - 5.555%
Charles E. Brock - 5.555%
Melanie J. Hagen - 5.555%



Keith and K.P. Stevens, Inc. - 50%
Bruce W. Brock - 16.666%
Stephen M. Brock - 16.666%
William M. Brock - 5.555%
Charles E. Brock - 5.555%
Melanie J. Hagen - 5.555%



26 S2 320.00 Ark Land Company State of Montana State of Montana State of Montana
27 SESE 40.00 Ark Land Company Great Northern 



Properties
Limited Partnership



Burlington Resources Oil & Gas
Company, LP



Great Northern Properties
Limited Partnership



27 N2; SW; SWSE; N2SE 600.00 Ark Land Company Great Northern 
Properties
Limited Partnership



Burlington Resources Oil & Gas
Company, LP



Great Northern Properties
Limited Partnership



Meridian (now Glacier) Reserved 
Non-Part. Royalty Interest @ 
48/200



34 All 640.00 Ark Land Company State of Montana State of Montana State of Montana
35 All 640.00 Prospect Land and 



Development Company
Great Northern 
Properties
Limited Partnership



Burlington Resources Oil & Gas
Company, LP



Great Northern Properties
Limited Partnership



Surface subject to Option 
Agreement @ 78/178 and/or 
78/182 to Wesco Resources, Inc. 
and assigned to CoalMont, LLC 
@78/330



36 All 640.00 State of Montana (CF) State of Montana (CF) State of Montana (CF) State of Montana (CF)
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OTTER CREEK MINE - EXHIBIT 303B
MINERAL OWNERSHIP



Ownership Summary
Township 4 South, Range 45 East, P.M.M.



SEC. LEGAL DESCRIPTION ACRES SURFACE OWNER COAL OIL & GAS OTHER MINERALS COMMENTS
1 Lots 1-4; S2N2; S2 630.96 Prospect Land and Development



Company, OR corporation
Great Northern 
Properties Limited
Partnership



Burlington Northern
Railroad Company



Great Northern 
Properties Limited
Partnership



2 Lots 1-4; S2N2 317.48 Prospect Land and Development
Company, OR corporation



State of Montana State of Montana State of Montana



2 S2 320.00 Prospect Land and Development
Company, OR corporation



State of Montana C.A. Mallett  - 50%
Prospect - 50%



C.A. Mallet - 50%
Prospect - 50%



3 Lots 1; 2; 3; 4; S2N2; 
S2



627.96 Ark Land Company Great Northern 
Properties Limited
Partnership



Burlington Resources Oil & 
Gas
Company, LP



Great Northern 
Properties Limited
Partnership



5 Lots 1-4; S2N2; S2 623.00 Prospect Land and Development
Company, OR corporation



Great Northern 
Properties Limited
Partnership



Burlington Resources Oil & 
Gas
Company, LP



Great Northern 
Properties Limited
Partnership



7 Lots 1-4; S2 532.28 Great Northern Properties
Limited Partnership



Great Northern 
Properties Limited
Partnership



Burlington Northern
Railroad Company



Great Northern 
Properties Limited
Partnership



8 Lots 1-4; 6; 7; N2NE; 
SWNE



310.04 Consolidation Coal 
Company - 50%
Garfield County Exploration
Company - 27.74%
Chevron Stations, Inc. - 7.49%
Chevron U.S.A. Inc. - 14.77%



State of Montana Harry Weinberg - 40%
Sophia Baskin - 20%
Sylvia Suslow - 10%
Fay Stein - 10%
Teri Ann Weiser - 5%
Nina J. Weiser - 5%
Alfred H. Weiser - 5%
Mark B. Weiser - 5%



Harry Weinberg - 40%
Sophia Baskin - 20%
Sylvia Suslow - 10%
Fay Stein - 10%
Teri Ann Weiser - 5%
Nina J. Weiser - 5%
Alfred H. Weiser - 5%
Mark B. Weiser - 5%



Overriding 
Surface
Royalty - 1%



8 Lots 5; 8; SENE; SE 279.26 Consolidation Coal Co. - 50%
Garfield County Exploration Co. - 27.74%
Chevron Stations, Inc. - 7.49%
Chevron U.S.A. Inc. - 14.77%



State of Montana State of Montana State of Montana Overriding 
Surface
Royalty - 1%



9 E2NENW - less Brewer 
Tract No. 2 & Hwy.



14.399 Cynthia Gratwohl Great Northern 
Properties Limited
Partnership



Burlington Northern
Railroad Company



Great Northern 
Properties Limited
Partnership



9 Tract in E2NENW - 
Brewer Tract No. 2
COS #107696



2.602 Dennis McLatchy Great Northern 
Properties Limited
Partnership



Burlington Northern
Railroad Company



Great Northern 
Properties Limited
Partnership



9 Metes & bounds in 
E2NENW



2.99 State of Montana - Highway Great Northern 
Properties Limited
Partnership



Burlington Northern
Railroad Company



Great Northern 
Properties Limited
Partnership
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OTTER CREEK MINE - EXHIBIT 303B
MINERAL OWNERSHIP



Ownership Summary
Township 4 South, Range 45 East, P.M.M.



SEC. LEGAL DESCRIPTION ACRES SURFACE OWNER COAL OIL & GAS OTHER MINERALS COMMENTS
9 W2NW; W2NENW - 



less Hwy; 
SENW - less Hwy; SW; 
SWSE - less Hwy



332.40 Consolidation Coal Co. - 50%
Garfield County Exploration
Company - 27.74%
Chevron Stations, Inc. - 7.49%
Chevron U.S.A. Inc. - 14.77%



Great Northern 
Properties Limited
Partnership



Burlington Northern
Railroad Company



Great Northern 
Properties Limited
Partnership



9 Metes & bounds in 
E2NENW



2.99 State of Montana - Highway Great Northern 
Properties Limited
Partnership



Burlington Northern
Railroad Company



Great Northern 
Properties Limited
Partnership



9 W2NW; W2NENW - 
less Hwy; 
SENW - less Hwy; SW; 
SWSE - less Hwy



332.40 Consolidation Coal Co. - 50%
Garfield County Exploration
Company - 27.74%
Chevron Stations, Inc. - 7.49%
Chevron U.S.A. Inc. - 14.77%



Great Northern 
Properties Limited
Partnership



Burlington Northern
Railroad Company



Great Northern 
Properties Limited
Partnership



9 Metes & bounds in 
W2NENW



1.67 State of Montana - Highway Great Northern 
Properties Limited
Partnership



Burlington Northern
Railroad Company



Great Northern 
Properties Limited
Partnership



9 Metes & bounds in 
SENW



1.25 State of Montana - Highway Great Northern 
Properties Limited
Partnership



Burlington Northern
Railroad Company



Great Northern Properties
Limited Partnership



9 Metes & bounds in 
SWSE



4.68 State of Montana - Highway Great Northern 
Properties Limited
Partnership



Burlington Northern
Railroad Company



Great Northern Properties
Limited Partnership



9 SESE 40.00 Consolidation Coal 
Company - 50%
Garfield County Exploration
Company - 27.74%
Chevron Stations, Inc. - 7.49%
Chevron U.S.A. Inc. - 14.77%



Great Northern 
Properties Limited
Partnership - 50%
Wymont Trust - 12.49%
Mimi S. Tate - 4.166%
Jerry B. Allen - 16.66%
John T. Penton - 16.66%



Wymont Trust - 12.49%
Mimi S. Tate - 4.166%
Jerry B. Allen - 16.66%
John T. Penton - 16.66%
Wallace K. Badgett - 
13.194%
George J.Badgett - 6.597%
Wendy K. Bekkedahl - 
6.597%
Judy Badgett - 10.416%
Karen Hamilton - 13.194%



Wymont Trust - 12.49%
Mimi S. Tate - 4.166%
Jerry B. Allen - 16.66%
John T. Penton - 16.66%
Wallace K. Badgett - 13.194%
George J. Badgett - 6.597%
Wendy K. Bekkedahl - 6.597%
Judy Badgett - 10.416%
Karen Hamilton - 13.194%
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OTTER CREEK MINE - EXHIBIT 303B
MINERAL OWNERSHIP



Ownership Summary
Township 4 South, Range 45 East, P.M.M.



SEC. LEGAL DESCRIPTION ACRES SURFACE OWNER COAL OIL & GAS OTHER MINERALS COMMENTS
10 NENW; N2NE 120.00 Cynthia Gratwohl State of Montana Cynthia Gratwohl - 25%



Dennis McLatchy - 25%
Sacred Heart Southern
 Missions - 10%
Salesian Missions - 10%
Priests of Sacred 
 Heart - 10%
The Roman Catholic 
 Bishops - 10%
Mercy Home for Boys 
 & Girls - 10%



Cynthia Gratwohl - 25%
Dennis McLatchy - 25%
Sacred Heart Southern
 Missions - 10%
Salesian Missions - 10%
Priests of Sacred Heart - 10%
The Roman Catholic 
 Bishops - 10%
Mercy Home for Boys 
 & Girls - 10%



10 SESW; S2SE 120.00 Great Northern Properties
Limited Partnership



State of Montana Wymont Trust - 12.49%
Mimi S. Tate - 4.166%
Jerry B. Allen - 16.66%
John T. Penton - 16.66%
Wallace K. Badgett - 
13.194%
George J. Badgett - 6.597%
Wendy K. Bekkedahl - 
6.597%
Judy Badgett - 10.416%
Karen Hamilton - 13.194%



Wymont Trust - 12.49%
Mimi S. Tate - 4.166%
Jerry B. Allen - 16.66%
John T. Penton - 16.66%
Wallace K. Badgett - 13.194%
George J. Badgett - 6.597%
Wendy K. Bekkedahl - 6.597%
Judy Badgett - 10.416%
Karen Hamilton - 13.194%



10 NESW; NWSE; SENW; S 200.00 Ark Land Company State of Montana Ark Land Company - 50%
Bruce W. Brock - 16.666%
Stephen M. Brock - 
16.666%
William M. Brock - 5.555%
Charles E. Brock - 5.555%
Melanie J. Hagen - 5.555%



Ark Land Company - 50%
Bruce W. Brock - 16.666%
Stephen M. Brock - 16.666%
William M. Brock - 5.555%
Charles E. Brock - 5.555%
Melanie J. Hagen - 5.555%



10 NESE 40.00 Ark Land Company State of Montana State of Montana Keith & K.P. Stevens
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OTTER CREEK MINE - EXHIBIT 303B
MINERAL OWNERSHIP



Ownership Summary
Township 4 South, Range 45 East, P.M.M.



SEC. LEGAL DESCRIPTION ACRES SURFACE OWNER COAL OIL & GAS OTHER MINERALS COMMENTS
10 SWSW 40.00 Consolidation Coal 



Company - 50%
Garfield County Exploration
Company - 27.74%
Chevron Stations, Inc. - 7.49%
Chevron U.S.A. Inc. - 14.77%



Great Northern 
Properties Limited
Partnership - 50%
Wymont Trust - 12.49%
Mimi S. Tate - 4.166%
Jerry B. Allen - 16.66%
John T. Penton - 16.66%



Wymont Trust - 12.49%
Mimi S. Tate - 4.166%
Jerry B. Allen - 16.66%
John T. Penton - 16.66%
Wallace K. Badgett - 
13.194%
George J. Badgett - 6.597%
Wendy K. Bekkedahl - 
6.597%
Judy Badgett - 10.416%
Karen Hamilton - 13.194%



Wymont Trust - 12.49%
Mimi S. Tate - 4.166%
Jerry B. Allen - 16.66%
John T. Penton - 16.66%
Wallace K. Badgett - 13.194%
George J.Badgett - 6.597%
Wendy K. Bekkedahl - 6.597%
Judy Badgett - 10.416%
Karen Hamilton - 13.194%



11 All 640.00 Ark Land Company Great Northern 
Properties Limited
Partnership



Burlington Resources Oil & 
Gas Company, LP



Great Northern 
Properties Limited
Partnership



12 N2 320.00 Ark Land Company State of Montana Thomas D. Trusler - 20%
Suzanne Trusler - 20%
Mary F. Trusler - 20%
Danelle Trusler - 20%
Billie Jo Trusler - 20%



Thomas D. Trusler - 20%
Suzanne Trusler - 20%
Mary F. Trusler - 20%
Danelle Trusler - 20%
Billie Jo Trusler - 20%



12 S2 320.00 Ark Land Company State of Montana State of Montana State of Montana
13 Lots 1-8; N2 597.01 Great Northern Properties



Limited Partnership
Great Northern Properties
Limited Partnership



Burlington Resources Oil & 
Gas
Company, LP



Great Northern 
Properties Limited
Partnership



14 W2 320.00 Great Northern Properties
Limited Partnership



State of Montana State of Montana State of Montana



15 NWNW 40.00 Consolidation Coal 
Company - 50%
Garfield County Exploration
Company - 27.74%
Chevron Stations, Inc. - 7.49%
Chevron U.S.A. Inc. - 14.77%



Great Northern Properties
Limited Partnership - 50%
Wymont Trust - 12.49%
Mimi S. Tate - 4.166%
Jerry B. Allen - 16.666%
John T. Penton - 16.666%



Wymont Trust - 12.49%
Mimi S. Tate - 4.166%
Jerry B. Allen - 16.66%
John T. Penton - 16.66%
Wallace K. Badgett - 
13.194%
George J. Badgett - 6.597%
Wendy K. Bekkedahl - 
6.597%
Judy Badgett - 10.416%
Karen Hamilton - 13.194%



Wymont Trust - 12.49%
Mimi S. Tate - 4.166%
Jerry B. Allen - 16.66%
John T. Penton - 16.66%
Wallace K. Badgett - 13.194%
George J. Badgett - 6.597%
Wendy K. Bekkedahl - 6.597%
Judy Badgett - 10.416%
Karen Hamilton - 13.194%



GNP owned 
surface "royalty" - 
the greater of .5% 
or 4¢ per ton
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OTTER CREEK MINE - EXHIBIT 303B
MINERAL OWNERSHIP



Ownership Summary
Township 4 South, Range 45 East, P.M.M.



SEC. LEGAL DESCRIPTION ACRES SURFACE OWNER COAL OIL & GAS OTHER MINERALS COMMENTS
15 SWNW 40.00 Consolidation Coal 



Company - 50%
Garfield County Exploration
Company - 27.74%
Chevron Stations, Inc. - 7.49%
Chevron U.S.A. Inc. - 14.77%



Glacier Park Company 
(as successor to 
Meridian) 50% 
Wymont Trust - 12.49% 
Mimi S. Tate - 4.166% 
Jerry B. Allen - 16.666% 
John T. Penton - 16.666%



Wymont Trust - 12.49%
Mimi S. Tate - 4.166%
Jerry B. Allen - 16.66%
John T. Penton - 16.66%
Wallace K. Badgett - 
13.194%
George J. Badgett - 6.597%
Wendy K. Bekkedahl - 
6.597%
Judy Badgett - 10.416%
Karen Hamilton - 13.194%



Wymont Trust - 12.49%
Mimi S. Tate - 4.166%
Jerry B. Allen - 16.66%
John T. Penton - 16.66%
Wallace K. Badgett - 13.194%
George J. Badgett - 6.597%
Wendy K. Bekkedahl - 6.597%
Judy Badgett - 10.416%
Karen Hamilton - 13.194%



(1) Glacier owned 
surface "royalty" - 
the greater of .5% 
or 4¢ per ton; 
(2) Should GNP 
own 50% of the 
coal



15 W2NW 80.00 Consolidation Coal 
Company - 50%
Garfield County Exploration
Company - 27.74%
Chevron Stations, Inc. - 7.49%
Chevron U.S.A. Inc. - 14.77%



Great Northern Properties�Wymont Trust - 12.49%
Mimi S. Tate - 4.166%
Jerry B. Allen - 16.66%
John T. Penton - 16.66%
Wallace K. Badgett - 
13.194%
George J. Badgett - 6.597%
Wendy K. Bekkedahl - 
6.597%
Judy Badgett - 10.416%
Karen Hamilton - 13.194%



Wymont Trust - 12.49%
Mimi S. Tate - 4.166%
Jerry B. Allen - 16.66%
John T. Penton - 16.66%
Wallace K. Badgett - 13.194%
George J. Badgett - 6.597%
Wendy K. Bekkedahl - 6.597%
Judy Badgett - 10.416%
Karen Hamilton - 13.194%



15 NWSW; SWSW - less 
Hwy



79.25 Consolidation Coal 
Company - 50%
Garfield County Exploration
Company - 27.74%
Chevron Stations, Inc. - 7.49%
Chevron U.S.A. Inc. - 14.77%



Great Northern Properties�Great Northern Properties
Limited Partnership



Great Northern Properties
Limited Partnership



15 Metes & bounds in 
SWSW



0.75 State of Montana - Highway Great Northern Properties
Limited Partnership



Great Northern Properties
Limited Partnership



Great Northern Properties
Limited Partnership



15 NENW; N2NE; SWNE; 
SE



320.00 Great Northern Properties
Limited Partnership



Great Northern Properties
Limited Partnership



Great Northern Properties
Limited Partnership



Great Northern Properties
Limited Partnership
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OTTER CREEK MINE - EXHIBIT 303B
MINERAL OWNERSHIP



Ownership Summary
Township 4 South, Range 45 East, P.M.M.



SEC. LEGAL DESCRIPTION ACRES SURFACE OWNER COAL OIL & GAS OTHER MINERALS COMMENTS
15 SENW 40.00 Great Northern Properties



Limited Partnership
Great Northern Properties
Limited Partnership - 50%
Wymont Trust - 12.49%
Mimi S. Tate - 4.166%
Jerry B. Allen - 16.666%
John T. Penton - 16.666%



Wymont Trust - 12.49%
Mimi S. Tate - 4.166%
Jerry B. Allen - 16.66%
John T. Penton - 16.66%
Wallace K. Badgett - 
13.194%
George Badgett - 13.194%
Judy Badgett - 10.416%
Karen Hamilton - 13.194%



Wymont Trust - 12.49%
Mimi S. Tate - 4.166%
Jerry B. Allen - 16.66%
John T. Penton - 16.66%
Wallace K. Badgett - 13.194%
George Badgett - 13.194%
Judy Badgett - 10.416%
Karen Hamilton - 13.194%



NOTE: Int. of
George
Badgett, dec.
not recited in
D.Dist. @ 82/568



15 E2SW 80.00 Great Northern Properties
Limited Partnership



Great Northern Properties
Limited Partnership



George J. Badgett - 
11.111%
Wendy K. Bekkedahl - 
11.111%
Wallace Badgett - 22.222%
Judy Badgett - 33.333%
Karen Hamilton - 22.222%



George J. Badgett - 11.111%
Wendy K.Bekkedahl - 
11.111%
Wallace Badgett - 22.222%
Judy Badgett - 33.333%
Karen Hamilton - 22.222%



15 SENE 40.00 Great Northern Properties
Limited Partnership



Great Northern Properties
Limited Partnership



Burlington Resources Oil & 
Gas
Company, LP



Great Northern Properties
Limited Partnership



16 All 640.00 State of Montana State of Montana State of Montana State of Montana LEASE:
Chevron
Coal Dev. Co.
C-1102-08



17 Lots 1-4; 6 160.38 Consolidation Coal 
Company - 50%
Garfield County Exploration
Company - 27.74%
Chevron Stations, Inc. - 7.49%
Chevron U.S.A. Inc. - 14.77%



Great Northern Properties
Limited Partnership



Burlington Northern
Railroad Company



Great Northern Properties
Limited Partnership



Meridian
Minerals
Company -
Reserved
Non-Part.
Royalty 
Interest
@ 48/200



17 Lot 5; S2NE; SE 278.93 Consolidation Coal 
Company - 50%
Garfield County Exploration
Company - 27.74%
Chevron Stations, Inc. - 7.49%
Chevron U.S.A. Inc. - 14.77%



Great Northern Properties
Limited Partnership



Burlington Northern
Railroad Company



Great Northern Properties
Limited Partnership



18 All 640.00 Great Northern Properties
Limited Partnership



State of Montana State of Montana State of Montana



20 Lots 2-4; SENW; S2NE; 
SE; E2SW



440.03 Great Northern Properties
Limited Partnership



State of Montana State of Montana State of Montana
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OTTER CREEK MINE - EXHIBIT 303B
MINERAL OWNERSHIP



Ownership Summary
Township 4 South, Range 45 East, P.M.M.



SEC. LEGAL DESCRIPTION ACRES SURFACE OWNER COAL OIL & GAS OTHER MINERALS COMMENTS
21 S2; SENE; N2N2 520.00 Great Northern Properties



Limited Partnership
Great Northern Properties
Limited Partnership



Burlington Resources Oil & 
Gas
Company, LP



Great Northern Properties
Limited Partnership



21 S2NW; SWNE 120.00 Great Northern Properties
Limited Partnership



Great Northern Properties
Limited Partnership



Burlington Resources Oil & 
Gas
Company, LP



Great Northern Properties
Limited Partnership



Meridian
Minerals
Company -
Reserved
Non-Part.
Royalty 
Interest
@ 48/200



22 NENW; SENW - less 
Hwy; SWNE



117.12 Great Northern Properties
Limited Partnership



Great Northern Properties
Limited Partnership



George J. Badgett - 
11.111%
Wendy K. Bekkedahl - 
11.111%
Wallace Badgett - 22.222%
Judy Badgett - 33.333%
Karen Hamilton - 22.222%



George J. Badgett - 11.111%
Wendy K.Bekkedahl - 
11.111%
Wallace Badgett - 22.222%
Judy Badgett - 33.333%
Karen Hamilton - 22.222%



22 Metes & bounds in 
SENW



2.88 State of Montana - Highway Great Northern Properties
Limited Partnership



George J. Badgett - 
11.111%
Wendy K. Bekkedahl - 
11.111%
Wallace Badgett - 22.222%
Judy Badgett - 33.333%
Karen Hamilton - 22.222%



George J. Badgett - 11.111%
Wendy K.Bekkedahl - 
11.111%
Wallace Badgett - 22.222%
Judy Badgett - 33.333%
Karen Hamilton - 22.222%



22 SE 160.00 Great Northern Properties
Limited Partnership



Louis J. Capra &
Penny Capra, h/w, J/T  *



Louis J. Capra & 
Penny Capra, h/w, J/T - 
50%
Great Northern Properties
Limited Partnership - 50%



Louis J. Capra & 
Penny Capra, h/w, J/T - 50%
Great Northern Properties
Limited Partnership - 50%



Executory
Rights for
COAL to
Great 
Northern
Properties



22 E2SW - less Hwy 69.88 Great Northern Properties
Limited Partnership



State of Montana Louis J. Capra & 
Penny Capra, h/w, J/T - 
50%
Great Northern Properties
Limited Partnership - 50%



Louis J. Capra & 
Penny Capra, h/w, J/T - 50%
Great Northern Properties
Limited Partnership - 50%



22 Metes & bounds in 
E2SW



10.12 State of Montana - Highway State of Montana Louis J. Capra & 
Penny Capra, h/w, J/T - 
50%
Great Northern Properties
Limited Partnership - 50%



Louis J. Capra & 
Penny Capra, h/w, J/T - 50%
Great Northern Properties
Limited Partnership - 50%
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OTTER CREEK MINE - EXHIBIT 303B
MINERAL OWNERSHIP



Ownership Summary
Township 4 South, Range 45 East, P.M.M.



SEC. LEGAL DESCRIPTION ACRES SURFACE OWNER COAL OIL & GAS OTHER MINERALS COMMENTS
22 N2NE; SENE 120.00 Great Northern Properties



Limited Partnership
State of Montana State of Montana State of Montana



22 W2SW; W2NW - less 
Hwy



152.41 Consolidation Coal 
Company - 50%
Garfield County Exploration
Company - 27.74%
Chevron Stations, Inc. - 7.49%
Chevron U.S.A. Inc. - 14.77%



State of Montana State of Montana State of Montana



22 Metes & bounds in 
W2NW



7.59 State of Montana - Highway State of Montana State of Montana State of Montana



23 W2 320.00 Great Northern Properties
Limited Partnership



Great Northern Properties�Burlington Northern
Railroad Company



Great Northern Properties
Limited Partnership



23 Lots 1-4; W2E2 354.24 Great Northern Properties
Limited Partnership



Great Northern Properties�Burlington Resources Oil & 
Gas
Company, LP



Great Northern Properties
Limited Partnership



25 Lots 1-8; S2 649.97 Ross Denson
Fay Denson
Robert Dennis Denson,  J/T



Great Northern Properties�Burlington Resources Oil & 
Gas
Company, LP



Great Northern Properties
Limited Partnership



26 N2 320.00 Ross Denson
Fay Denson
Robert Dennis Denson,  J/T



State of Montana Ross Denson & Fay Denson Ross Denson & Fay Denson



26 S2 320.00 Ross Denson
Fay Denson
Robert Dennis Denson,  J/T



State of Montana State of Montana State of Montana



35 N2N2 160.00 Ross Denson
Fay Denson
Robert Dennis Denson,  J/T



Great Northern Properties
Limited Partnership



Burlington Resources Oil & 
Gas
Company, LP



Great Northern Properties
Limited Partnership



36 N2N2 160.00 State of Montana State of Montana State of Montana State of Montana LEASE:
Great
Northern
Properties
LP
C-1076-08
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Mermis, Joene



From: Mermis, Jolene
Sent: Wednesday, May 30, 2012 2:18 PM
To: ‘aeichhorn@mt.gov’
Subject: Otter Creek Coal, LLC
Attachments: ScanOOl.PDF



Hi Ashley - per our telephone conversation yesterday, please find attached the Officer’s list for Otter Creek Coal, LLC.
Please note that Arch Coal, Inc. is the sole member of Otter Creek. Let me know if you need me to do anything else
regarding this information or if you need additional information. I believe the permit submittal will be around July 1 so I
want to make sure that the ownership and control portion of the permit process is complete.



Thank you for your help!



Jolene Mermis
(314) 994-2725
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Directors I Officers Report As of 5/29/2012



Otter Creek Coal, LLC - -rviAect i\ iL1ko stck ciP aY’-’



Gfr’
Officers



William (Mike) Rowlands President
Effective: 4/30/2010



Charles David Steele Vice President - Tax
Effective: 4/30/2010



James E. Florczak Vice President & Treasurer
Effective: 4/30/2010



John T. Drexier Vice President
Effective: 4/30/2010



Jon S. Ploetz Secretary
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OTTER CREEK MINE - EXHIBIT 303F
ACI-ICG VIOLATION HISTORY



Date Location Type Status Actions Taken 
to Abate



C-1980-007 West Elk Mine (Mountain Coal Company) CV-2010-001 11-May-10 CO Failure to follow approved mine plan. Abated 1-Jun-10 7/19/2010 Vacated N/A
391 ICG Illinois, LLC 38-02-09 4-Aug-09 DNR IL 62 Ill. Adm. Code 1773.17(c) Terminated 11-Sep-09
391 ICG Illinois, LLC 38-03-09 6-Aug-09 DNR IL 62 Ill. Adm. Code 1817.49(a)(10) Terminated 3-Sep-09



867-0382 Cumberland River Coal Company 53-1502 27-Apr-10 DMRE KY 405 KAR 8:010; 405 KAR 7:040 Abated 8-Feb-11
867-0433 Cumberland River Coal Company 53-1503 18-May-10 DMRE KY 405 KAR 16:020 Vacated 27-Jan-11
867-0433 Cumberland River Coal Company 23-1397 29-Aug-11 DMRE KY 405 KAR 16:130 Abated 7-Dec-11
867-0434 Cumberland River Coal Company 53-2911 11-Jun-09 DMRE KY 405 KAR 16:130; 405 KAR 20:060 Abated 19-Oct-09
867-0434 Cumberland River Coal Company 53-1524 21-May-10 DMRE KY 405 KAR 7:040; 405 KAR 20:060 Abated 13-Aug-10
867-5136 Cumberland River Coal Company 53-1352 12-Apr-10 DMRE KY 405 KAR 18:090 Abated/Vacated 27-Jan-11
867-5139 Cumberland River Coal Company 23-1166 1-Feb-11 DMRE KY 405 KAR 7:040 Abated 2-Feb-11
867-5139 Cumberland River Coal Company 23-1569 13-Oct-11 DMRE KY 405 KAR 16:080 Abated 24-Oct-11
867-5139 Cumberland River Coal Company 23-1834 1-Jun-12 DMRE KY 405 KAR 18:070; 401 KAR 5:065 Abated 6-Jun-12
867-5292 Cumberland River Coal Company 23-0588 29-Apr-11 DMRE KY 405 KAR 18:070; 401 KAR 5:065 Abated 12-May-11
867-9004 Cumberland River Coal Company 53-1137 12-Apr-10 DMRE KY 405 KAR 16:090 Vacated 27-Jan-11
867-9004 Cumberland River Coal Company 53-1545 11-Aug-10 DMRE KY 405 KAR 16:120 Abated 13-Aug-10
880-0179 ICG East KY, LLC 43-0430 12-Jul-11 DMRE KY 405 KAR 16:250; 405 KAR 16:090; 405 KAR 16:130 Abated 9-Feb-12
880-0179 ICG East KY, LLC 43-2250 1-Feb-12 DMRE KY 405 KAR 8:10 14-Aug-12 Formal HearingScheduled N/A
898-0735 ICG East KY, LLC 53-1440 17-Jun-09 DMRE KY 405 KAR 16:070, 405 KAR 16:130, 405 KAR 8:030 Abated 2-Feb-10
898-0735 ICG East KY, LLC 53-0242 18-May-10 DMRE KY 405 KAR 16:090; 405 KAR 8:010 Abated 7-Dec-10
898-0737 ICG East KY, LLC 53-1439 16-Jun-09 DMRE KY 405 KAR 16:080; 405 KAR 16:070 Abated 18-Sep-09
898-0737 ICG East KY, LLC 53-5219 7-Sep-11 DMRE KY 405 KAR 7:040 Abated 14-Nov-11



813-0291 ICG Hazard, LLC 63-0335 25-Jan-10 DMRE KY
405 KAR16:090; 405 KAR 16:080; 405 KAR 16:190; 
405 KAR 20:060 Abated 12-Mar-10



813-0293 ICG Hazard, LLC 63-2057 8-Jul-11 DMRE KY 405 KAR 7:040 Vacated 8-Dec-11
813-0294 ICG Hazard, LLC 63-0244 21-Jan-10 DMRE KY 405 KAR 20:060; 405 KAR 16:190 Abated 5-Oct-10
813-0294 ICG Hazard, LLC 63-1333 8-Apr-11 DMRE KY 405 KAR16:080: 405 KAR 16:070; 405 KAR 16:090 Abated 15-Jul-11
813-0294 ICG Hazard, LLC 63-1789 17-Nov-11 DMRE KY 401 KAR 5:065; 405 KAR 16:090; 405 KAR 16:070 Abated 21-Nov-11
813-0331 ICG Hazard, LLC 63-0826 28-Sep-10 DMRE KY 401 KAR 5:065; 405 KAR 16:070 Abated 4-Oct-10
813-0331 ICG Hazard, LLC 63-1181 17-Mar-11 DMRE KY 405 KAR 16:090 Notified 17-Nov-11
813-5026 ICG Hazard, LLC 63-1925 19-Nov-10 DMRE KY 405 KAR 18:210 Abated 2-Mar-11
813-8018 ICG Hazard, LLC 63-0343 25-Feb-10 DMRE KY 405 KAR 8:010; 405 KAR 7:050 Notified 26-Aug-10
813-8018 ICG Hazard, LLC 63-1300 11-Mar-11 DMRE KY 405 KAR 16:160 Abated 12-May-11
813-8018 ICG Hazard, LLC 63-2103 26-Sep-11 DMRE KY 405 KAR 16:160; 405 KAR 16:080 Abated 26-Oct-11
860-0454 ICG Hazard, LLC 63-1276 24-Jun-11 DMRE KY 405 KAR 8:010 Abated 6-Jul-11
866-0281 ICG Hazard, LLC 63-1930 4-Jun-09 DMRE KY 405 KAR 16:070; 401 KAR 5:065 Vacated 29-Jun-09



866-0281 ICG Hazard, LLC 63-1935 25-Aug-09 DMRE KY
405 KAR 7:040; 405 KAR 16:060; 405 KAR 16:070; 405 
KAR 16:120; 401 KAR 5:065 Abated 23-Dec-09



866-0281 ICG Hazard, LLC 63-1182 29-Nov-10 DMRE KY 405 405 KAR 16:070; 405 405 KAR 16:130 Abated 29-Dec-10
866-0281 ICG Hazard, LLC 63-0779 7-Jan-11 DMRE KY 405 KAR 16:090; 405 KAR 16:070; 405 KAR 16:130 Abated 9-Feb-11



866-0295 ICG Hazard, LLC 63-0132 23-Sep-09 DMRE KY
405 KAR 16:190; 405 KAR 16:130; 405 KAR 7:040; 405 
KAR 16:090 Notified 15-May-12



866-0295 ICG Hazard, LLC 63-0981 3-May-11 DMRE KY
405 KAR 16:220; 405 KAR 16:130;405 KAR 16:190;405 
KAR 16:020;405 KAR 16:090; 405 KAR 16:080; 405 
KAR 20:060



Abated 9-Sep-11



866-5146 ICG Hazard, LLC 63-1250 14-Jun-11 DMRE KY 405 KAR 16:110; 401 KAR 5:065 Terminated 25-Jul-11
866-9010 ICG Hazard, LLC 63-0662 18-Nov-11 DMRE KY 405 KAR 16:160 Vacated 21-Dec-11
897-0446 ICG Hazard, LLC 63-0342 8-Apr-10 DMRE KY 401 KAR 5:065; 405 KAR 16:070; 405 KAR 7:040 Abated 13-Sep-10
897-0446 ICG Hazard, LLC 63-1264 26-Jul-11 DMRE KY 405 KAR 7:040; 405 KAR 16:120 Abated 29-Jul-11
897-0446 ICG Hazard, LLC 63-0726 (CO) 26-Jul-11 DMRE KY 405 KAR 7:040 Terminated 29-Jul-11
897-0448 ICG Hazard, LLC 63-0913 29-Jul-10 DMRE KY 405 KAR 8:010 Abated 2-Jun-11
897-0454 ICG Hazard, LLC 63-1673 10-Aug-09 DMRE KY  405 KAR 7:040; 405 KAR16:090 Vacated 21-Oct-09
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897-0455 ICG Hazard, LLC 63-0987 17-Feb-11 DMRE KY 405 KAR 7:040; 405 KAR 16:080 Abated 25-Apr-11



897-0456 ICG Hazard, LLC 63-0848 16-Jun-09 DMRE KY
405 KAR 7:040; 405 KAR 16:060; 401 KAR 5:065; 405 
KAR 16:070 Vacated 7-Jul-09



897-0456 ICG Hazard, LLC 63-0354 31-Mar-10 DMRE KY 405 KAR 8:010; 405 KAR 16:070 Abated 11-Oct-10
897-0456 ICG Hazard, LLC 63-0475 23-Nov-10 DMRE KY 405 405 KAR 16:130 Terminated 23-Nov-10
897-0456 ICG Hazard, LLC 63-0478 17-Dec-10 DMRE KY 405 KAR 16:100 Abated 25-May-11
897-0456 ICG Hazard, LLC 63-0479 21-Dec-10 DMRE KY 405 KAR 16:090 Vacated 18-Jan-11
897-0456 ICG Hazard, LLC 63-1507 7-Nov-11 DMRE KY 405 KAR 7:040; Other Permit Conditions Abated 9-Jan-12
897-0456 ICG Hazard, LLC 63-1303 6-Feb-12 DMRE KY 405 KAR 7:040; 405 KAR 16:070; 401 KAR 5:065 Abated 25-May-12
897-0483 ICG Hazard, LLC 63-1627 21-Aug-09 DMRE KY 405 KAR 16:080 Abated 3-Nov-09
897-0483 ICG Hazard, LLC 63-1638 16-Jun-10 DMRE KY 405 KAR 16:130; 405 KAR 20:060 Abated 14-Jul-10
897-0483 ICG Hazard, LLC 63-0894 27-Jul-10 DMRE KY 405 KAR 16:080; 405 KAR 16:090 Abated 26-Aug-10
897-5118 ICG Hazard, LLC 63-1157 29-Jan-09 DMRE KY 405 KAR 7:040 Abated 25-Apr-11
897-5118 ICG Hazard, LLC 63-1505 1-Jul-09 DMRE KY 405 405 KAR 16:080; 405 KAR 16:090 Abated 28-Aug-09
897-8043 ICG Hazard, LLC 63-0353 12-Mar-10 DMRE KY 405 KAR 16:070 Abated 24-Mar-10
897-0456 ICG Hazard, LLC 63-1621 25-Apr-12 DMRE KY 405 KAR 16:060 29-Jun-12 Pre-Trial FOV Scheduled N/A
860-5271 ICG Knott County, LLC 43-2198 14-Jul-09 DMRE KY 405 KAR 18:210 Abated 1-Feb-11
860-5312 ICG Knott County, LLC 43-1345 18-May-11 DMRE KY 405 KAR 7:040; 405 KAR 8:010 Terminated 29-Jun-11
848-5457 Powell Mountain Energy, LLC 23-1988 31-Oct-11 DMRE KY 405 KAR 18:110 Terminated 31-Oct-11
848-5470 Powell Mountain Energy, LLC 23-1761 14-Jun-11 DMRE KY 405 KAR 18:130 Abated 20-Jul-11
848-5470 Powell Mountain Energy, LLC 23-1989 31-Oct-11 DMRE KY 405 KAR 18:110 Terminated 31-Oct-11
848-5471 Powell Mountain Energy, LLC 23-1990 31-Oct-11 DMRE KY 405 KAR 18:110 Terminated 31-Oct-11
848-5472 Powell Mountain Energy, LLC 23-1991 31-Oct-11 DMRE KY 405 KAR 18:110 Terminated 31-Oct-11
848-5473 Powell Mountain Energy, LLC 23-2065 31-Oct-11 DMRE KY 405 KAR 18:110 Terminated 31-Oct-11
848-5475 Powell Mountain Energy, LLC 23-2066 31-Oct-11 DMRE KY 405 KAR 18:110 Terminated 31-Oct-11
848-5476 Powell Mountain Energy, LLC 23-2067 31-Oct-11 DMRE KY 405 KAR 18:110 Terminated 31-Oct-11



SM-84-393 Vindex Energy Corporation 393-100603-NOV 3-Jun-10 DEP-BOM MD COMAR 26.20.02.13L(5) Terminated 21-Jun-10
SM-84-393 Vindex Energy Corporation 393-120126-NOV 26-Jan-12 DEP-BOM MD pH Closed 21-Feb-12
SM-99-432 Vindex Energy Corporation 432-110808-NOV 8-Aug-11 DEP-BOM MD Turbidity; Suspended Solids Terminated 9-Aug-11
C0070039 Canyon Fuel Company - Dugout Canyon Mine 10072 5-Jan-11 DOGM UT R645-301-731.121 Vacated 24-Mar-11 9-Mar-11 DOGM - SLC Informal 



Conference
Vacated N/A



1101623 Cumberland River Coal Company RDS0007578 16-Mar-10 DMLR VA 4 VAC 25-130-816.99(a); 4 VAC 25-816.99(b) Abated 20-May-10
1601486 Cumberland River Coal Company KXC0007440 (NOV) 21-Mar-11 DMLR VA 4 VAC25-130-816.46 (c) (1) (iii) (A) Abated 6-Jun-11
1601486 Cumberland River Coal Company KXC0007439 (CO) 21-Mar-11 DMLR VA 4 VAC25-130-816.46 (c) (1) (iii) (A) Abated 22-Mar-11
1402024 Powell Mountain Energy, LLC 7386 11-May-11 DMLR VA 4 VAC 25-130-816.42 Non Correctable 11-May-11
1402024 Powell Mountain Energy, LLC 7394 18-May-11 DMLR VA 4 VAC 25-130-816.45(b)(3) Non Correctable 18-May-11



P-2041-11 Ark Land Company 001 23-Feb-12 DEP-DMR WV WV 22.3 14.9(b) Reg 38-2-13.6.a.3 Terminated 29-Feb-12
O-0013-81 Coal-Mac, Inc. 035 22-Jun-10 DEP-DMR WV WV 22.3 13(f) Reg 38-2-22.6.b Withdrawn 20-Jul-10
S-5006-07 Coal-Mac, Inc. 001 27-Oct-10 DEP-DMR WV WV 22.3-13(a), Reg 38-2-5.4.a Withdrawn 28-Oct-10
S-5006-07 Coal-Mac, Inc. 002 16-Apr-11 DEP-DMR WV WV 22.3-13(a), Reg 38-2-5.4.a Terminated 24-May-11
S-5006-07 Coal-Mac, Inc. 003 19-Jul-11 DEP-DMR WV WV 22.3 13(a) Reg 38-2-14.8.a.1 Terminated 10-Aug-11
S-5013-01 Coal-Mac, Inc. 010 8-Dec-09 DEP-DMR WV WV 22.3 13(a) Reg 38-2-14.8.a.1 Terminated 21-Dec-09
S-5013-01 Coal-Mac, Inc. 011 1-Dec-10 DEP-DMR WV WV 22.3-13(a), Reg 38-2-5.4.a Terminated 20-Jan-10
S-5013-01 Coal-Mac, Inc. 012 10-Mar-11 DEP-DMR WV WV 22.3-13(a), Reg 38-2-5.4.b.6 Terminated 26-Apr-11
S-5021-08 Coal-Mac, Inc. 001 12-Apr-12 DEP-DMR WV WV 22.3 13(d) Reg 38-2-14.8.a.1 Terminated 15-May-12
S-5023-99 Coal-Mac, Inc. 005 21-Sep-09 DEP-DMR WV WV 22.3 13(a) Reg 38-2-14.14.g.14 Abated 16-Oct-09
S-5023-99 Coal-Mac, Inc. 001 (CO) 27-May-11 DEP-DMR WV WV 22-3-13(a)(15) Reg 199-1.3.6.d Modified 31-May-11 31-May-11 Administrative Modified to NOV N/A
S-5023-99 Coal-Mac, Inc. 002 31-May-11 DEP-DMR WV WV 22-3-13(a)(15) Reg 199-1.3.6.d Terminated 1-Jul-11
S-5066-92 Coal-Mac, Inc. 015 28-Jan-10 DEP-DMR WV WV 22.3-13(b)(10) Reg 38-2-14.5 Terminated 28-Apr-10 8-Oct-10 Administrative Vacated N/A
S-5066-92 Coal-Mac, Inc. 016 31-Jan-12 DEP-DMR WV WV 22.3-13(b)(10) Reg 38-2-14.5 Terminated 1-May-12
O-1030-91 ICG Eastern, LLC 005 28-Oct-09 DEP-DMR WV Reg 38-2-14.5.b Terminated 30-Oct-09
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O-1030-91 ICG Eastern, LLC 006 8-Feb-10 DEP-DMR WV WV 22.3.13(b)(10) , Reg 38-2-14.5(b) Terminated 11-Feb-10
O-2011-98 ICG Eastern, LLC DMR004 25-May-11 DEP-DMR WV Reg 38-2-14.14.g.2.B.2 Vacated 29-Nov-11
P-3014-09 ICG Eastern, LLC 001 25-Sep-09 DEP-DMR WV Reg 38-2-3.33.c. Terminated 5-Oct-09
S-0235-76 ICG Eastern, LLC 026 (CO) 12-Mar-11 DEP-DMR WV Reg 38-2-3.33.e Modified to NOV 12-Mar-11
S-0235-76 ICG Eastern, LLC DMR027 12-Mar-11 DEP-DMR WV 38-2-13(b)(21) Terminated 12-Apr-11
S-2003-02 ICG Eastern, LLC 013 31-Aug-09 DEP-DMR WV Title 199, Series 1, Section 3.6.d Terminated 14-Sep-09
S-2003-02 ICG Eastern, LLC S-2003-02 (014) 5-Nov-09 DEP-DMR WV Rule Title 199-1 Section 3.6.d Terminated 16-Nov-09
S-2003-02 ICG Eastern, LLC DMR013 14-Feb-11 DEP-DMR WV Reg 38-2-14.5.b Terminated 9-May-11
S-2003-02 ICG Eastern, LLC DMR014 24-Feb-11 DEP-DMR WV Reg 38-2-14.4b Terminated 8-Mar-11
S-2003-02 ICG Eastern, LLC DMR015 9-May-11 DEP-DMR WV Reg 38-2-14.6.a Terminated 19-May-11
S-2004-98 ICG Eastern, LLC DMR008 24-May-11 DEP-DMR WV Reg 38-2-14.5.b Terminated 13-Jun-11
S-2006-03 ICG Eastern, LLC 002 (CO) 14-Oct-10 DEP-DMR WV WC 22.3A 4(a) Terminated 14-Oct-10
S-2006-03 ICG Eastern, LLC OEB004 14-Oct-10 DEP-DMR WV WV 22.3A 4(a) Terminated 1-Nov-10
S-2006-03 ICG Eastern, LLC DMR004 20-Jan-11 DEP-DMR WV Reg 38-2-14.5.b Terminated 27-Jan-11
S-2006-03 ICG Eastern, LLC 005 20-Apr-11 DEP-DMR WV Reg 38-2-14.5.b Terminated 27-Apr-11
S-2006-03 ICG Eastern, LLC 006 20-Apr-11 DEP-DMR WV Reg 38-2-14.14.g.2.B.2 Terminated 15-Jul-01
S-2006-03 ICG Eastern, LLC 007 27-Sep-11 DEP-DMR WV WV 22.3.13.b.10; Reg 38.2.14.5.b Terminated 27-Sep-11
S-2006-03 ICG Eastern, LLC 008 15-Feb-12 DEP-DMR WV WV 22.3.13.b.10; Reg 38.2.14.5.b Terminated 23-Feb-12
S-2019-88 ICG Eastern, LLC 026 25-Aug-09 DEP-DMR WV WV 22.3.13(b)(10) , Reg 38-2-14.5(b) Terminated 8-Sep-09
S-2019-88 ICG Eastern, LLC 027 25-Feb-10 DEP-DMR WV WV 22.3.13.b.10; Reg 38.2.14.5.b Terminated 12-May-10
S-2019-88 ICG Eastern, LLC 028 25-Mar-11 DEP-DMR WV Reg 38-2-14.5.b Terminated 16-Jun-11
S-238-76 ICG Eastern, LLC DMR012 14-Feb-11 DEP-DMR WV Reg 38-2-15.5.b Terminated 22-Feb-11
S-3005-07 ICG Eastern, LLC 002 13-May-12 DEP-DMR WV WV 22.3-13(a)(22) Reg 38-2-3.33.b Withdrawn 24-May-12
S-5009-99 ICG Eastern, LLC 005 27-Jul-09 DEP-DMR WV WV 22-3-13(b)(21) Terminated 29-Oct-09
U-3003-10 ICG Eastern, LLC 001 16-May-11 DEP-DMR WV WV 22.3-13(b)(22) Reg 38-2-3.33.b Terminated 31-Jan-11
O-2017-06 ICG Tygart Valley, LLC. 001 21-Oct-11 DEP-DMR WV WV 22.3.13.b.10; Reg 38.2.14.5.b Terminated 28-Oct-11
O-2017-06 ICG Tygart Valley, LLC. 002 16-May-12 DEP-DMR WV WV 22.3.13; Reg 38.3.33 Terminated 16-May-12
R-0728-00 Juliana Mining Co, Inc. 010 17-Nov-11 DEP-DMR WV WV 22.2.13(b)(10) Reg 38.2.14.5.b Terminated 28-Nov-11
O-5056-92 Mingo Logan Coal Company 014 6-Sep-11 DEP-DMR WV WV 22.3 13(b)(10) Reg 38-2-14.5 Terminated 24-May-12
S-5013-97 Mingo Logan Coal Company 006 9-Mar-11 DEP-DMR WV WV 22.3 13(b)(10) Reg 38-2-14.5(b) Terminated 6-Apr-11 9-Jun-11 Administrative Vacated N/A
S-5013-97 Mingo Logan Coal Company 007 26-May-11 DEP-DMR WV WV 22.3 13(a) Reg 38-2-5.4.a Terminated 8-Jun-11 29-Sep-11 Administrative Vacated N/A
S-5013-97 Mingo Logan Coal Company 008 16-Nov-11 DEP-DMR WV WV 22.3 13(a) Reg 38-2-5.4.a Terminated 2-Feb-12
S-5013-97 Mingo Logan Coal Company 009 22-Mar-12 DEP-DMR WV WV 13(b)(21) Terminated 5-Apr-12 1-Jun-12 Administrative Vacated N/A
S-5063-91 Mingo Logan Coal Company 053 14-Sep-09 DEP-DMR WV WV 22.3 13(10) Reg 38-2-5.4a Extended 16-Nov-09 16-Nov-09 Administrative Extended escaling agent applie
S-5081-87 Mingo Logan Coal Company 045 15-Jun-09 DEP-DMR WV WV 22.3 13(a) Reg 38-2-14.5 Terminated 30-Jun-09
S-5081-87 Mingo Logan Coal Company 046 27-Jan-10 DEP-DMR WV WV 22.3 13(a) Reg 38-2-4.8.a Terminated 9-Feb-10 6-May-10 Administrtative Vacated N/A
S-5081-87 Mingo Logan Coal Company 047 10-Mar-10 DEP-DMR WV WV 22.3 13(a) Reg 38-2-4.10.a Withdrawn 23-Mar-10
S-5081-87 Mingo Logan Coal Company 048 19-May-10 DEP-DMR WV WV 22.3 13(b)(4) Reg 38-2-14.15.m Terminated 19-Jul-10
S-5081-87 Mingo Logan Coal Company 049 3-Aug-11 DEP-DMR WV WV 22.3 13(a) Reg 38-2-5.4 Terminated 31-Aug-11
U-5031-97 Mingo Logan Coal Company 013 18-Aug-09 DEP-DMR WV WV 22.3 13(b)(10) Reg 38-2-5.4a Vacated 12-Nov-09 12-Nov-09 Administrative Vacated N/A
U-5031-97 Mingo Logan Coal Company 014 19-Apr-10 DEP-DMR WV WV 22.3 13(b)(10) Reg 38-2-5.4.a Terminated 7-Sep-10 7-Sep-10 Administrative Vacated N/A
U-5031-97 Mingo Logan Coal Company 015 28-Dec-11 DEP-DMR WV WV 13(b)(21) Terminated 26-Apr-12
E-0041-00 Patriot Mining Company, Inc. 027 7-Feb-11 DEP-DMR WV WV 22.3.13.b.10; Reg 38.2.14.5.b Terminated 7-Feb-11
O-0034-82 Patriot Mining Company, Inc. 018 15-Dec-09 DEP-DMR WV WV 22.3.13.b.21 Reg 38.2.4.8a Terminated 15-Dec-09
O-0034-82 Patriot Mining Company, Inc. 019 18-Jan-11 DEP-DMR WV WV 22.3.13.f Reg 38.2.14.6.a Terminated 8-Feb-11
O-0034-82 Patriot Mining Company, Inc. 020 9-Feb-11 DEP-DMR WV WV 22.3.13.b.21 Terminated 15-Feb-11
O-0166-83 Patriot Mining Company, Inc. 004 3-Jun-10 DEP-DMR WV WV 22.3.13.b.21; Reg 38.2.4.8.a Terminated 3-Jun-10
O-1012-86 Patriot Mining Company, Inc. 008 10-Dec-10 DEP-DMR WV WV 22.3.19 Reg 38.2.3.27 Dismissed 30-Dec-10
S-0058-76 Patriot Mining Company, Inc. 008 18-Jan-12 DEP-DMR WV WV 22.3.13.b.10; Reg 38.2.14.5.b Terminated 10-Apr-12
S-1004-95 Patriot Mining Company, Inc. 025 16-Apr-10 DEP-DMR WV WV 22.3.13.b.10.B Reg 38.2.14.5.b Terminated 29-Jul-11
S-2006-07 Patriot Mining Company, Inc. 001 9-Dec-09 DEP-DMR WV WV 22.3A.4a.6; WV 199-1.3.6.d Terminated 16-Dec-09
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S-2006-07 Patriot Mining Company, Inc. 002 (CO) 18-Dec-09 DEP-DMR WV WV 22.3A; Title 199 Series I 3.6.d Terminated 21-Dec-09
S-2006-07 Patriot Mining Company, Inc. 003 22-Feb-10 DEP-DMR WV WV 22.3A.4.a; WV 199.1.3.6.c.1 Terminated 22-Feb-10
S-2006-07 Patriot Mining Company, Inc. 004 24-May-11 DEP-DMR WV WV 22.3.13(b)(10) Reg 38.2.14.5.b Terminated 7-Jun-11
S-2010-06 Patriot Mining Company, Inc. 009 15-Oct-09 DEP-DMR WV WV 22.3.13.b.21 Terminated 22-Oct-09
S-2010-06 Patriot Mining Company, Inc. 010 10-Dec-09 DEP-DMR WV WV 22.3.13(b)(10) , Reg 38-2-14.5(b) Terminated 14-Dec-09
S-2010-06 Patriot Mining Company, Inc. 011 24-May-11 DEP-DMR WV WV 22.3.13(b)(10) , Reg 38-2-14.5(b) Terminated 27-May-11
P-0698-00 Upshur Property, Inc. 022 2-Sep-09 DEP-DMR WV WV 22.2.13(b)(10); Reg 38.2.14.5.c Terminated 4-Sep-09
P-0698-00 Upshur Property, Inc. 023 1-Dec-10 DEP-DMR WV WV 22.3.13(b)(10) Reg 38.2.15.5.6 Terminated 13-Dec-10
P-0698-00 Upshur Property, Inc. 024 13-May-11 DEP-DMR WV WV 22.3.13.b.10 Reg 38.2.14.7.a Terminated 8-Jun-11
S-0091-83 Upshur Property, Inc. 051 8-Mar-11 DEP-DMR WV WV 22.3.13.b.10; Reg 38.2.14.7.a Terminated 8-Jun-11
S-0091-83 Upshur Property, Inc. 052 28-Oct-11 DEP-DMR WV WV 22.2.13(f); Reg 38.2.14.5.b Terminated 29-Oct-11



S-00S-0057-80 Upshur Property, Inc. 014 13-May-11 DEP-DMR WV WV 22.3.13.b.10 Reg 38.2.14.7.a Terminated 13-May-11
S-0108-82 Upshur Property, Inc. 001 31-Jan-11 DEP-DMR WV WV 22.3.13.b.10; Reg 38.2.14.7.a Terminated 2-Feb-11
S-0108-82 Upshur Property, Inc. 002 13-May-11 DEP-DMR WV WV 22.3.13.b.10 Reg 38.2.14.7.a Terminated 8-Jun-11
S-0163-76 Upshur Property, Inc. 003 13-May-11 DEP-DMR WV WV 22.3.13.b.10 Reg 38.2.14.7.a Terminated 13-Jun-11
I-0638-00 Vindex Energy Corporation 014 15-Dec-09 DEP-DMR WV WV 22.3.13.b.10; Reg 38.2.14.5.b Terminated 21-Dec-09
I-0638-00 Vindex Energy Corporation 015 17-Feb-11 DEP-DMR WV WV 22.3.13; Reg 38.2.14.5.b Terminated 25-May-11
O-0096-83 Vindex Energy Corporation 018 4-Aug-11 DEP-DMR WV WV 22.3.13.b.10; Reg 38.2.14.5.b Terminated 22-Aug-11
O-0097-83 Vindex Energy Corporation 016 30-Aug-10 DEP-DMR WV WV 38-2-3.33a; Reg 22-3-13a Withdrawn 1-Sep-10
O-0097-83 Vindex Energy Corporation 017 23-Mar-11 DEP-DMR WV WV 22.3.13.b.10; Reg 38.2.14.5.b Terminated 25-Mar-11
O-2001-98 Vindex Energy Corporation 009 17-Feb-11 DEP-DMR WV WV 22.3.13.b.10; Reg 38.2.5.4 Terminated 25-Feb-11
S-0088-74 Vindex Energy Corporation 024 27-Apr-11 DEP-DMR WV WV 22.3.13; Reg 38.2.14.5.b Terminated 25-May-11
O-0113-83 Wolf Run Mining Company 010 20-Aug-09 DEP-DMR WV WV 22.3.14 Reg 38.2.15.1.f.3 Terminated 10-Sep-09
U-0015-83 Wolf Run Mining Company 009 31-Aug-11 DEP-DMR WV WV 22-3-13; Reg 14.3.33 Modified to NOV 009 31-Aug-11
U-0015-83 Wolf Run Mining Company 008 31-Aug-11 DEP-DMR WV WV 22-3-13; Reg 14.3.33 Terminated 6-Sep-11
U-2001-07 Wolf Run Mining Company 001 22-Apr-10 DEP-DMR WV WV 22.3.13.b.10.C Reg 38.2.5.4.a & b Terminated 26-Apr-10
U-2001-07 Wolf Run Mining Company 002 22-Apr-10 DEP-DMR WV WV 22.3.13.b.5 Reg 38.2.14.3.a Terminated 26-Apr-10
U-2001-07 Wolf Run Mining Company 002 22-Apr-10 DEP-DMR WV WV 22-3-13(b)(5) Reg 14.3.q Terminated 26-Apr-10
U-2001-07 Wolf Run Mining Company 001 22-Apr-10 DEP-DMR WV WV 22.3.13.b.10.C Reg 38.2.5.4.a & b Terminated 26-Apr-10
U-2001-07 Wolf Run Mining Company 002 22-Apr-10 DEP-DMR WV WV 22-3-13(b)(5) Reg 14.3.a Terminated 26-Apr-10
U-2001-07 Wolf Run Mining Company 003 25-Oct-10 DEP-DMR WV Reg 38-2-16.1.a Terminated 4-Nov-10
U-2001-07 Wolf Run Mining Company 003 25-Oct-10 DEP-DMR WV WV 22-3-14(a) Reg 16.1.a Terminated 4-Nov-10
U-2001-07 Wolf Run Mining Company 004 25-May-11 DEP-DMR WV WV 22-3-14(b)(9) Reg 14.5.b Terminated 23-Jun-11
U-2001-07 Wolf Run Mining Company 004 25-May-11 DEP-DMR WV WV 22-3-14(b)(9) Reg 14.5.b Terminated 23-Jun-11
U-2001-07 Wolf Run Mining Company 005 21-Dec-11 DEP-DMR WV WV 22-3-13(b)21 Reg 4.8(a) Terminated 21-Dec-11
U-2001-07 Wolf Run Mining Company 005 21-Dec-11 DEP-DMR WV WV 22-3-13(b)21 Reg 4.8(a) Terminated 21-Dec-11
U-2002-01 Wolf Run Mining Company 003 2-May-11 DEP-DMR WV WV 22.3.14 Reg 38.2.16.1.a. Terminated 30-Jun-11
U-2016-98 Wolf Run Mining Company 008 19-May-11 DEP-DMR WV WV 22.3.13 (b)(10) Reg 38.2.14.7.a Terminated 6-Jun-11



233-T7 Black Thunder Mine 100561 2-Jul-09 DEQ-LQD WY 35-11-415(b)(ii); Chapter 4(2)(f)(i); Chapter 4(2)(f)(vii) Terminated 24-Aug-09 14-Oct-09 Informal 
Conference



NOV upheld, penalty 
reduced to $0.00



N/A



483-T6 Thunder Basin Coal Co.- Coal Creek 10056 21-Jun-11 DEQ-LQD WY Chapter 6, Section 4.(a)(i) Abated 14-Nov-11 29-Aug-11 Cheyenne Informal 
Conference



Vacated NOV upheld
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MINING RIGHTS TRANSFER AGREEMENT



THIS MINING RIGHTS TRANSFER AGREEMENT ( “Agreement”), dated effective as
of January 1, 2012 (“Effective Date”), is by and among Ark Land Company (“Ark”) or (“Land
Company”), a Delaware corporation, and Otter Creek Coal, EEC (“Operating Company”), a
Delaware limited liability company. (Collectively Ark and Operating Company are referred to
herein as “Parties” and individually they are referred to as “Party”.)



WHEREAS, Ark is the individual lessee under and pursuant to the coal leases more
particularly described on Schedule A hereto, as amended, restated, or reissued (“Coal Leases”)
insofar as such Coal Leases cover and relate to the lands located in Powder River County,
Montana, and more particularly described on Schedule A (“Lease Lands”);



WHEREAS, Ark is the owner of the surface lands located in Powder River County,
Montana, more particularly described on Schedule B (“Surface Lands”);



WHEREAS, Ark and Operating Company are both wholly-owned subsidiaries of Arch
Coal, Inc.; and



WHEREAS, Land Company desires to grant unto Operating Company, and Operating
Company desires to obtain, the right to enter upon the Lease Lands and the Surface Lands and
mine coal under the Coal Leases; NOW, THEREFORE, for and in consideration of the mutual
covenants contained herein, and other good and valuable consideration, the receipt and adequacy
of which are hereby acknowledged, Land Company and Operating Company agree as follows:



Transfer of Mining Rights. To the extent, and only to the extent, of Land Company’s
interest in the Coal Leases, Land Company does hereby agree to grant unto Operating Company
the right to enter upon the Lease Lands, commence mining operations upon the Lease Lands, and
mine all of the minable and merchantable coal (“Leased Coal”) in and underlying the Lease
Lands, insofar as such rights are derived from the Coal Leases, together with the exclusive right
to operate, mine, store, save, waste, remove, transport, own, sell and market, treat, process, and
stockpile the Leased Coal in compliance with the terms of the Coal Leases. The terms and
conditions of said transfer shall be set forth in subsequent transfer documents to be executed by
and between the Parties (the “Transfer Documents”).



Mining Rights. Subject to the reservations and restrictions contained herein and in the
Transfer Documents and to the extent Land Company has the power to grant such rights, Land
Company agrees to grant unto Operating Company all mining rights conveyed by the Coal
Leases to Land Company as are necessary to enable Operating Company to enter upon the Lease
Lands and the Surface Lands in order to operate, mine, and remove the Leased Coal, including,
subject to the terms and conditions of the Transfer Documents, the following (“Mining Rights”):



(a) The right to mine the Leased Coal by strip, open pit, underground, auger,
borehole, drilling, and in-situ solution method, together with all rights-of-way, easements, and
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servitudes as may be necessary, useful or convenient for such purposes, and the right of ingress
and egress therefore; and



(b) The right to construct, use, maintain, repair, replace, and relocate any and
all facilities and structures on and in the Surface Lands and Lease Lands as may be necessary,
useful, or convenient in connection with such operations on the Surface Lands and Lease Lands,
including, but not limited to, buildings, roads, railroads, pits, tailing ponds, piles or waste earth,
waste dumps, ditches, drains, pumping stations, boreholes, drill holes, tanks, dams, wells,
reservoirs, ponds or other alterations, coal stock piles, pipelines, telephone lines, utility lines,
power lines, processing facilities, and plants, shops, and transportation facilities and other
utilities, and the maintenance thereof, and all rights-of-way, easements and servitudes as may be
necessary, useful or convenient for such purposes, and the right to ingress and egress therefore;
and



(c) The right to use so much of the surface and subsurface of the Surface
Lands and Lease Lands as may be found necessary, useful, convenient, or incidental to the
execution of the Mining Rights, without being required to leave or provide subjacent or lateral
support for the overlying strata or surface or anything thereon, therein, or thereunder.



Acceptance. Operating Company accepts this Agreement with the understanding that the
rights and privileges to be granted hereunder are and shall be construed as limited to only such
rights and privileges as Land Company possesses and has the lawful right to grant to Operating
Company. Operating Company recognizes that its rights shall be subject to any and all Transfer
Documents between the Parties, and that it must abide by the terms and conditions therein.



No Warranty. LAND COMPANY MAKES NO IMPLIED OR EXPRESS WARRANTY
OR REPRESENTATION CONCERNING THE EXISTENCE, QUANTITY, QUALITY,
MINABILITY, OR MERCHANTABILITY OF THE LEASED COAL UNDERLYING THE
LEASE LANDS OR TITLE THERETO, AND OPERATING COMPANY ACKNOWLEDGES
AND AGREES THAT NO REPRESENTATIONS, STATEMENTS, OR WARRANTIES,
EXPRESS OR IMPLIED, HAVE BEEN MADE BY OR ON BEHALF OF LAND COMPANY
REGARDING THE LEASE LANDS, THEIR CONDITION, THE USE OR OCCUPATION
THAT MAY BE MADE THEREOF, OR THE INCOME THEREFROM.



Incorporation by Reference. All of the provisions of the Coal Leases are incorporated by
reference as if fully set forth herein. In addition, all laws applicable to the Coal Leases and to
this Agreement, or to the operations on the Lease Lands and the Surface Lands, in force from
and after the Effective Date, and as and when changed and to the extent applicable to the Coal
Leases and this Agreement, are incorporated by reference herein. Changes in laws which affect
a change in the Coal Leases shall be deemed to constitute a corresponding change in this
Agreement.



Limitations. This Agreement is made subject to the Coal Leases and to all limitations,
reservations, and exceptions specified therein and to all other deeds, easements, and conveyances
of public record and to such easements as are apparent by visible inspection of the Lease Lands
and Surface Lands. The rights herein granted to Operating Company are subject to the limitation
of Land Company’s power to grant same and to such rights as Land Company possesses by
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virtue of the Coal Leases. Land Company shall exercise any reserved rights in such a way as to
not unteasonably interfere with and in such a way as to minimize the inconvenience to the
mining operations of Operating Company. In the exercise of all reserved rights Land Company
shall comply with (i) the terms and provisions of all laws, rules, and regulations of any
government or agency having jurisdiction of the Lease Lands and Surface Lands and any
operations of Land Company and (ii) any and all permit and bonding requirements of Land
Company governing the operations of Land Company on the Lease Lands and Surface Lands.



Counterparts. This Agreement may be executed in one or more counterparts, each of
which shall be deemed an original and all of which together shall constitute one and the same
agreement.



Notice. The giving of any notice to, any response, or the making of any demand by either
Party to the other, shall be sufficient, if such notice or demand by either delivering the same in
person or in writing and mailed to the Parties at:



If to Land Company:



Ark Land Company
One CityPlace Drive, Suite 300
St. Louis, MO 63141
Attention: President



If to Operating Company:



Otter Creek Coal. LLC
One CityPlace Drive, Suite 300
St. Louis, MO 63141
Attention: President



Either Party may by such notice designate a different addressee to whom, or address to which,
any such notice shall be sent.



Additional Tenris. Additional terms. conditions, reservations, and exceptions shall be set
forth in future Transfer Documents by and between the Parties. Upon execution of such
documents, this Agreement shall be considered subject thereto. This Agreement shall not limit,
decrease, increase, or in any manner affect any of the terms of said Transfer Documents, or any
rights, interests, or obligations of the Parties thereunder.
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IN WITNESS WHEREOF, the Parties hereto have executed this Agreement to be
effective for all purposes as of the Effective Date.



LAND COMPANY



Ark Land Company



.r
Its: ,—‘/



OPERATING COMPANY



Otter Creek Coal, LL



By: JGrnti 6 F/art tat
Its: Lifts, PtestcLa 4 7tCcs.stjvr
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OTTER CREEK MINE
LISTING OF OTHER REQUIRED LICENSES OR PERMITS



Issuing Agency/Permit or Approval Name Nature of Permit Action Applicable Project Component



Notice of Intent - Approved August 2011 Required for all pre-mine activities including environmental 
studies



Baseline environmental studies, surveying, surface 
access



Prospecting Permit X2011334 Required for coal drilling activities Exploration drilling
Air Quality Permit Compliance with Montana air quality standards regarding the 



release of air pollutants
Elements that contribute to air quality issues, such as 
blasting or hauling emissions



Hazardous Waste Generator Permit Management of hazardous waste Storage and off-site disposal of hazardous waste 
associated with project operations



Storm Water Permits Required for construction activities and mine operations 
under MPDES program



Storm water discharges from OCC facilities



MPDES Discharge Permit Discharge of pollutants to surface water Required for discharge of treated waste water
Water Quality Certification, Section 401, Clean Water Act Certification of any permit authorized by section 402 or 404 



(Clean Water Act)
MPDES and 404 permits



Public drinking water system Compliance with public water supply rules Potable water source for mine



Major Facility Siting Act Permit Approval of new powerline construction



Required for new powerline greater than 69KV and 10 
miles in length unless easements are in place



Water Rights Required for beneficial use of surface and groundwaters Water supplies
Land Board Approval of Operating Plan Land Board Action Required as a condition of lease
Dam Safety Act Requirements Hazard evaluation by DNRC Required for dams greater than 50 acre feet



National Historic Preservation Act compliance (Section 106) Protects cultural and historical resources All OCC surface disturbing activities



MONTANA DEPARTMENT OF TRANSPORTATION
Approval for connection or crossing of state highways Intersection design approval Mine road access to state highway, rail crossing of state 



highway



U.S. DEPARTMENT OF INTERIOR, OFFICE OF SURFACE 
MINING
Federal Approval of Mining and Reclamation Plan Federal mine approval All Mining



Endangered Species Act compliance Protection of threatened and endangered species Any OCC activity, including habitat disturbance, 
potentially affecting listed or proposed threatened and 
endangered species on federal lands



Permit to discharge dredged or fill material (Clean Water Act, 
Section 404)



Authorizes placement of fill or dredged material in waters of 
the U.S. or adjacent jurisdictional wetlands



Any OCC operating or reclamation activities directly 
affecting wetlands or waters of the US by dredge or fill



Endangered Species Act Section 7 Consultation with the U.S. Fish and Wildlife Service  
(USFWS) 



Wetlands disturbances



National Environmental Policy Act Required for significant federal actions including issuance of 
404 permit



404 Permit



National Historic Preservation Act (Section 106) Consultation with State Historic Preservation Officer (SHPO) 
on cultural resources that may be impacted  



Any proposed surface disturbance associated with the 
OCC mining and reclamation activities affecting 
wetlands



Explosives User Permit Possession of explosives Blasting in surface mines



NEPA Environmental analysis if Forest lands are impacted and 
federal action is required



Any OCC operating or reclamation activities affecting 
USFS lands



Special Use Permits Potentially required for any surface access or activities on 
USFS land



Access roads or monitoring sites



MINE SAFETY AND HEALTH ADMINISTRATION
Mine ID Number Administrative registration All mines



FEDERAL COMMUNICATIONS COMMISSION
Radio license License for mine site radio Mine radio frequency



FEDERAL AVIATION ADMINISTRATION
Approval of warning light design Design review of lighting for structures exceeding specified 



height
May be required for dragline of radio tower



Railroad Construction Approval Required for new common carrier railroad Railroads
NEPA Environmental analysis of any alternative railroad alignment 



covered by STB
Railroads



Road use permits Use, relocation or connection to county roads Access roads
Building Permit Compliance with County building codes and approved land 



uses
Construction of all OCC buildings



Septic System Permit Authorize on site sewage disposal Septic System



U.S. ARMY CORPS OF ENGINEERS (COE)



BUREAU OF ALCOHOL, TOBACCO, AND FIREARMS



U.S. FISH AND WILDLIFE SERVICE(USFWS)/ NATIONAL OCEANIC ATMOSPHERIC ADMINISTRATION (NOAA) 



EXHIBIT 303J



MONTANA DEPARTMENT OF ENVIRONMENTAL QUALITY 



POWDER RIVER COUNTY



MONTANA DEPARTMENT NATURAL RESOURCES AND CONSERVATION



U.S. FOREST SERVICE



MONTANA STATE HISTORIC PRESERVATION OFFICE (SHPO)



SURFACE TRANSPORTATION BOARD



Exhibit 303J_Otter Creek Mine_Other Permits.xls Page 1 of 1 7/24/2012













Exhibit 303K_Otter Creek Mine_Notice of Application.docx  7/20/2012\\10:44 AM 
1 



OTTER CREEK MINE 
EXHIBIT 303K:  NOTICE OF APPLICATION 



Public Notice 
Pursuant to the Administrative Rules of Montana, ARM 17.24.401(3), Notice is hereby given 
that Otter Creek Coal, LLC, a Montana company, mailing address P.O. Box 7152, Billings, MT 
59103, has filed an application for a Mine Permit with the Montana Department of 
Environmental Quality.  The mining activity would be completed on the Otter Creek Coal Tracts 
approximately 5 miles southeast of Ashland, Powder River County, Montana.  Access to the 
project area is via U.S. Highway 212 and Montana Route 484.  The area encompassed by the 
application comprises approximately 7,639 acres, including all or parts of the following: 
 



Township 4 South, Range 45 East:  Sections 3 (S1/2SE, S1/2SW), 4 (SE, E1/2SW), 9, 10, 
11, 12, 13, 14, 15, 16 (portion of E1/2), 22 (E1/2, portions of W1/2), 23, 24 (W1/2), 25, 26 



 
The area is located within the Willow Crossing, Coleman Draw, King Mountain and Yager Butte 
U.S. Geological survey 7.5-minute quadrangle maps. 
 
A copy of the Mine Permit Application is available for public inspection at the office of the 
Powder River County Clerk and Recorder located at the Powder River County Court House in 
Broadus, Montana, and at the offices of the Montana Department of Environmental Quality, 
Industrial and Energy Minerals Bureau, Coal and Uranium Program, located at 2001 11th 
Avenue, Helena, Montana, and Airport Business Park IP-9, 1371 Rimtop Drive, Billings, 
Montana.  Electronic copies of the application may be requested by visiting the website 
http://www.deq.mt.gov/ea/coal.mcpx or by emailing DEQCoal@mt.gov.  
 
Written comments, objections or requests for an informal conference may be submitted by any 
person with an interest that is or may be adversely affected within 30 days of the last published 
announcement to the attention of Mr. Chris Yde, Montana Department of Environmental 
Quality, Industrial and Energy Minerals Bureau, Coal and Uranium Program, P.O. Box 200901, 
Helena, Montana, 59620-0901 or DEQCoal@mt.gov. 
 
The State of Montana, Department of Environmental Quality, makes reasonable 
accommodations for any known disability that may interfere with a person’s ability to participate 
in the above state governmental proceedings.  Persons needing an accommodation must notify 
the Department with their request for an informal conference to allow adequate time to make 
needed arrangements.  You may call (406) 444-4970, write to the Coal and Uranium Program, 
Montana Department of Environmental Quality, P.O. Box 200901, Helena, Montana, 59620-
0901 or email DEQCoal@mt.gov to make your request known. 
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OTTER CREEK MINE 



EXHIBIT 303I – INSURANCE CERTIFICATE 



 



 



A certificate of liability insurance, or evidence that the self-insurance, will be submitted after 



permit is issued. 
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OTTER CREEK MINE 


17.24.306 BASELINE INFORMATION: PRIME FARMLAND 


INVESTIGATION 


17.24.306 (1) 


Baseline Report 306A - Prime Farmland Investigation contains the results of a prime farmland 


investigation developed in consultation with the U.S. Natural Resources Conservation Service to 


determine whether lands within the proposed permit area are prime farmlands as defined in ARM 


17.24.301.  Several soil series in the Otter Creek valley bottom have been identified as 


potentially qualifying as prime farmlands if irrigated.  All of the requirements of this section are 


addressed. 


 


17.24.306 (2)  


Where the lands in question have not "historically been used for cropland" as that term is defined 


in ARM 17.24.301, a negative determination for these lands is requested in compliance with this 


subsection.  Such lands are identified and with documentation in Baseline Report 306A - Prime 


Farmland Investigation.  


 


17.24.306 (3)  


Where the lands in question have historically been used for cropland, Baseline Report 306A - 


Prime Farmland Investigation identifies such lands and includes consultation with the Montana 


state office of the U.S. Natural Resources Conservation Service, to determine which if any soils, 


characterized and described in accordance with ARM 17.24.304(1)(k), on these lands meet the 


criteria of prime farmlands as contained in 7 CFR 657. 


 


17.24.306 (3)(a) 


Identification of soils that meet the criteria of prime farmlands, including the reasons for this 


determination, is included in Baseline Report 306A - Prime Farmland Investigation.  Compliance 


with ARM 17.24.324 is addressed in that section of the application.  
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17.24.306 (3)(b) 


For lands within the proposed permit area where soils do not meet the criteria for designation as 


prime farmland as described in Baseline Report 306A - Prime Farmland Investigation, a negative 


determination is requested.  


 





		17.24.306 BASELINE INFORMATION: PRIME FARMLAND INVESTIGATION

		17.24.306 (1)

		17.24.306 (2)

		17.24.306 (3)

		17.24.306 (3)(a)

		17.24.306 (3)(b)
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OTTER CREEK MINE 



BASELINE REPORT 306A CROSS REFERENCE:  PRIME 



FARMLAND INVESTIGATION 



MDEQ-ARM CROSS REFERENCE CHECKLIST: 



ARM 17.24.306 Subsection: Location of Required Information: 



(1) The application must contain the results of a 



prime farmland investigation developed in 



consultation with the U.S. natural resources 



conservation service to determine whether lands 



within the proposed permit area are prime 



farmlands as defined in ARM 17.24.301. 



Section 1.0, NRCS Letter (not included) 



(2) If the lands in question have not "historically 



been used for cropland" as that term is defined in 



ARM 17.24.301, the applicant must submit a 



request for a negative determination for these lands 



with documentation supporting this request. 



Section 2.2 



(3) If the lands in question have historically been 



used for cropland, the applicant shall, in 



consultation with the Montana state office of the 



U.S. natural resources conservation service, 



determine if any soils, characterized and described 



in accordance with ARM 17.24.304(1)(k), on these 



lands meet the criteria of prime farmlands as 



contained in 7 CFR 657; 



Section 2.1, Plate 1 



(a) Whenever a determination is made that the soil 



survey of lands within the proposed permit area 



identifies soils that meet the criteria of prime 



farmlands, the applicant shall indicate the reasons 



for this determination and shall include materials in 



the application showing compliance with ARM 



17.24.324. 



Section 2.3 



(b) When the soil survey for lands within the 



proposed permit area does not identify soils that 



meet the criteria for designation as prime farmland, 



the applicant shall submit a request for negative 



determination for these lands with reasons 



supporting this conclusion. 



Not Applicable 
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OTTER CREEK MINE 



BASELINE REPORT 306A 



PRIME FARMLAND INVESTIGATION REPORT 



 



 



1.0  INTRODUCTION AND METHODS 



 



Determinations of candidate Prime Farmland soils were derived from existing Natural 



Resource Conservation Service (NRCS) Soil Data (NRCS, 2010) and several of the Otter 



Creek Coal Baseline Reports including: Soils (Baseline Report 304L), Land Use (Baseline 



Report 304M), and the Water Resources Data (Baseline Report 304E).  Information from 



these sources was used to determine dominant soil properties and land use for soils listed as 



potential Prime Farmlands by the NRCS.  Prime Farmland soils are described under Part 657 



of the U.S. Code of Federal Regulations as (GPO, 2012): 



 “Areas that have an adequate and dependable water supply from precipitation or 



irrigation, a favorable temperature and growing season, acceptable acidity or 



alkalinity, acceptable salt and sodium content, and few or no rocks.  They are 



permeable to water and air.  Prime farmlands are not excessively erodible or saturated 



with water for a long period of time, and they either do not flood frequently or are 



protected from flooding.” 



 



Some valley bottom hayland areas have naturally enhanced soil moisture to varying extent 



resulting from irregular seasonal inundation from snow melt and/or spring rainfall, a high 



water table, or both.  There are no developed irrigation systems other than spreader dikes in 



some areas to detain and infiltrate runoff.  Neither flood irrigation by diversion of stream 



flow nor sprinkler irrigation is practiced in or adjacent to the floodplains of Otter Creek and 



three of its major tributaries - Home Creek, Threemile Creek and Tenmile Creek - in the 



vicinity of the Otter Creek coal tracts.  According to local ranchers, historic attempts to dam 



Otter Creek for purposes of flood irrigation were unsuccessful due to water quality 



limitations, and consequent salt buildup in soils.  
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The NRCS Service Center office in Broadus, Montana was contacted regarding the potential 



presence of Prime Farmlands within the Study Area.  The soil series shown below were listed 



as Prime Farmland Soils in the most recent update to the NRCS Powder River Area Soil 



Survey (NRCS 2010).  The soils listed in Table 1 below are only classified as Prime 



Farmland soils if: 1) the areas containing these soils are irrigated through surface applications 



or via sub-irrigation and 2) have historically been used for cropland.   



 



TABLE 1.  SOILS LISTED AS CANDIDATE PRIME FARMLAND SOILS BY THE 



NRCS 



Prime Farmland Candidate Soils Slope 



Fort Collins silt loam 0-4% 



Haverson loam, silt loam and silty clay loam Not listed 



Heldt silty clay loam 0-4% 



Hesper silty clay loam 0-4% 



McRae silt loam 0-4% 



Remmit fine sandy loam 2-8% 



 



 



2.0  RESULTS 



 



Candidate Prime Farmland soils are located within the Tract 2 Study Area (Study Area) on 



lower terraces of the Otter Creek, Tenmile Creek, and Home Creek floodplains (Baseline 



Report 304L – Soils).  However, these soils are not common, constituting approximately 5% 



of the Study Area. Soils classified as Prime Farmland soils are listed as such only if irrigated.  



Some fields within the Study Area contain spreader dikes to distribute runoff across the 



lower stream terraces during high flow events.  There is no supplemental irrigation during the 



growing season.  Many of the agricultural fields on lower stream terraces are moisture 



enhanced by groundwater flowing through gravels and sands within the rooting depth of 



floodplain soil profiles.  Effectiveness of subirrigation may be limited by elevated salinity 



and sodium adsorption ratio in ground water (Baseline Report 304E – Water Resources 



Data). 
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2.1 PRIME FARMLAND SOILS 



Several soil map units contain soil components that are classified as Prime Farmland 



candidate soils.  The soil map units that contain Prime Farmland candidate soils and are 



located within agricultural production areas are listed in Table 2 below.   



 



TABLE 2.  CANDIDATE PRIME FARMLAND MAP UNITS AND RELATIVE 



EXTENTS WITHIN STUDY AREA BOUNDARY 



Soil Map 



Unit 



Soil Series Percent of Tract 2 



Study Area 



FtD Fort Collins 0.2% 



H Haverson 0.5% 



H-S Haverson-saline 1.0% 



He Heldt 1.7% 



He-S Heldt-saline 0.0% 



Hp Hesper 0.8% 



McR McRae 0.7% 



McR-S McRae-saline 0.1% 



Total 5.0% 



 



Several of the Prime Farmland soils listed are currently used for agricultural production, or 



have been used for agriculture in the past.  As previously mentioned, moisture enhanced soils 



and agricultural production fields are limited to lower floodplain terraces.  These soils 



typically contain desirable properties such as high organic matter concentrations, few rocks, 



and permeable textures.  However, within the primary rooting zone (upper 40 inches of the 



soil profile) some soils were found to be highly saline and sodic.  These highly saline/sodic 



conditions are particularly prevalent in potentially subirrigated soils where electrical 



conductivity (EC) values exceeded 17 and sodium adsorption ratio (SAR) values exceeded 



28.  Based on baseline soils data it appears that groundwater is occasionally found within the 



plant rooting zone. Physical and chemical soil properties for all soils in the Study Area are 



presented in the Soil Baseline Inventory (Baseline Report 304L). 
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Soils such as Fort Collins and Hesper soils are also distributed in upland areas where they are 



predominately used for grazing and support native grass and forb vegetation.  In uplands 



these soils are often located in depositional sites and are thus more productive than the 



shallower soils on adjacent ridges and slopes, however these areas do not qualify as Prime 



Farmlands as a result of historical land use and absence of subirrigation or irrigation.   



 



2.2 USDA PRIME FARMLAND CRITERIA 



According to the NRCS Map of Soil Moisture Regimes of the Contiguous United States, the 



soil moisture regime of the Otter Creek area is typic ustic bounded by aridic ustic.   Criteria 



for identification of Prime Farmlands are enumerated at 7 CFR 657.5; a copy is included as 



Appendix A for reference.  In order to be classified as Prime Farmlands, soils must meet all 



of the criteria listed; among those criteria are the following: 



(2)(i)(A) Aquic, udic, ustic, or xeric moisture regimes and sufficient available water capacity 



within a depth of 40 inches (1 meter), or in the root zone (root zone is the part of the soil that 



is penetrated or can be penetrated by plant roots) if the root zone is less than 40 inches deep, 



to produce the commonly grown cultivated crops (cultivated crops include, but are not 



limited to, grain, forage, fiber, oilseed, sugar beets, sugarcane, vegetables, tobacco, orchard, 



vineyard, and bush fruit crops) adapted to the region in 7 or more years out of 10; or 



(B) Xeric or ustic moisture regimes in which the available water capacity is limited, but the 



area has a developed irrigation water supply that is dependable (a dependable water supply is 



one in which enough water is available for irrigation in 8 out of 10 years for the crops 



commonly grown) and of adequate quality. 



 



As noted above, Otter Creek has no developed irrigation water supply that is dependable and 



of adequate quality.   



 



Additional criteria include: 



(2)(iv) The soils either have no water table or have a water table that is maintained at a 



sufficient depth during the cropping season to allow cultivated crops common to the area to 



be grown; and, 



(v) The soils can be managed so that, in all horizons within a depth of 40 inches (1 meter) or 



in the root zone if the root zone is less than 40 inches deep, during part of each year the 



conductivity of the saturation extract is less than 4 mmhos/cm and the exchangeable sodium 



percentage (ESP) is less than 15. 
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Areas of the valley bottom have a high water table, and as noted above, EC and SAR 



(estimate of ESP) exceed the listed criteria, limiting agricultural utility, particularly with 



respect to alfalfa.   



 



Based on the foregoing, it is improbable that candidate Prime Farmland soils in the Otter 



Creek valley bottom would be determined to be Prime Farmland due to the lack of a 



developed irrigation water supply that is dependable and of adequate quality, a high water 



table, and EC and SAR limitations in soils and ground water.   



 



2.3 NRCS PRIME FARMLAND DETERMINATION 



The NRCS Service Center office in Broadus, Montana, has been contacted regarding a 



Farmland determination for the permit area.  Supplemental baseline investigations of soils in 



the permit area but outside of Tract 2 is in progress.  When those investigations are complete, 



a site visit by NRCS personnel will be arranged so that a determination can be completed 



using all of the available soil survey and analysis information. 
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Title 7: Agriculture 
PART 657—PRIME AND UNIQUE FARMLANDS  
Subpart A—Important Farmlands Inventory  
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§ 657.5 Identification of important farmlands. 




(a) Prime farmlands —(1) General. Prime farmland is land that has the best combination of physical and chemical 
characteristics for producing food, feed, forage, fiber, and oilseed crops, and is also available for these uses (the land 
could be cropland, pastureland, rangeland, forest land, or other land, but not urban built-up land or water). It has the 
soil quality, growing season, and moisture supply needed to economically produce sustained high yields of crops 
when treated and managed, including water management, according to acceptable farming methods. In general, 
prime farmlands have an adequate and dependable water supply from precipitation or irrigation, a favorable 
temperature and growing season, acceptable acidity or alkalinity, acceptable salt and sodium content, and few or no 
rocks. They are permeable to water and air. Prime farmlands are not excessively erodible or saturated with water for 
a long period of time, and they either do not flood frequently or are protected from flooding. Examples of soils that 
qualify as prime farmland are Palouse silt loam, 0 to 7 percent slopes; Brookston silty clay loam, drained; and Tama 
silty clay loam, 0 to 5 percent slopes. 




(2) Specific criteria. Prime farmlands meet all the following criteria: Terms used in this section are defined in USDA 
publications: “Soil Taxonomy, Agriculture Handbook 436”; “Soil Survey Manual, Agriculture Handbook 18”; “Rainfall-
erosion Losses From Cropland, Agriculture Handbook 282”; “Wind Erosion Forces in the United States and Their Use 
in Predicting Soil Loss, Agriculture Handbook 346”; and “Saline and Alkali Soils, Agriculture Handbook 60.” 




(i) The soils have: 




(A) Aquic, udic, ustic, or xeric moisture regimes and sufficient available water capacity within a depth of 40 inches (1 
meter), or in the root zone (root zone is the part of the soil that is penetrated or can be penetrated by plant roots) if 
the root zone is less than 40 inches deep, to produce the commonly grown cultivated crops (cultivated crops include, 
but are not limited to, grain, forage, fiber, oilseed, sugar beets, sugarcane, vegetables, tobacco, orchard, vineyard, 
and bush fruit crops) adapted to the region in 7 or more years out of 10; or 




(B) Xeric or ustic moisture regimes in which the available water capacity is limited, but the area has a developed 
irrigation water supply that is dependable (a dependable water supply is one in which enough water is available for 
irrigation in 8 out of 10 years for the crops commonly grown) and of adequate quality; or, 




(C) Aridic or torric moisture regimes and the area has a developed irrigation water supply that is dependable and of 
adequate quality; and, 




(ii) The soils have a temperature regime that is frigid, mesic, thermic, or hyperthermic (pergelic and cryic regimes are 
excluded). These are soils that, at a depth of 20 inches (50 cm), have a mean annual temperature higher than 32 °F 
(0 °C). In addition, the mean summer temperature at this depth in soils with an O horizon is higher than 47 °F (8 °C); 
in soils that have no O horizon, the mean summer temperature is higher than 59 °F (15 °C); and, 




(iii) The soils have a pH between 4.5 and 8.4 in all horizons within a depth of 40 inches (1 meter) or in the root zone if 
the root zone is less than 40 inches deep; and, 




(iv) The soils either have no water table or have a water table that is maintained at a sufficient depth during the 
cropping season to allow cultivated crops common to the area to be grown; and, 




(v) The soils can be managed so that, in all horizons within a depth of 40 inches (1 meter) or in the root zone if the 
root zone is less than 40 inches deep, during part of each year the conductivity of the saturation extract is less than 4 
mmhos/cm and the exchangeable sodium percentage (ESP) is less than 15; and, 




(vi) The soils are not flooded frequently during the growing season (less often than once in 2 years); and, 















(vii) The product of K (erodibility factor) × percent slope is less than 2.0, and the product of I (soils erodibility) × C 
(climatic factor) does not exceed 60; and 




(viii) The soils have a permeability rate of at least 0.06 inch (0.15 cm) per hour in the upper 20 inches (50 cm) and the 
mean annual soil temperature at a depth of 20 inches (50 cm) is less than 59 °F (15 °C); the permeability rate is not a 
limiting factor if the mean annual soil temperature is 59 °F (15 °C) or higher; and, 




(ix) Less than 10 percent of the surface layer (upper 6 inches) in these soils consists of rock fragments coarser than 3 
inches (7.6 cm). 




(b) Unique farmland —(1) General. Unique farmland is land other than prime farmland that is used for the production 
of specific high value food and fiber crops. It has the special combination of soil quality, location, growing season, and 
moisture supply needed to economically produce sustained high quality and/or high yields of a specific crop when 
treated and managed according to acceptable farming methods. Examples of such crops are citrus, tree nuts, olives, 
cranberries, fruit, and vegetables. 




(2) Specific characteristics of unique farmland. (i) Is used for a specific high-value food or fiber crop; (ii) Has a 
moisture supply that is adequate for the specific crop; the supply is from stored moisture, precipitation, or a 
developed-irrigation system; (iii) Combines favorable factors of soil quality, growing season, temperature, humidity, 
air drainage, elevation, aspect, or other conditions, such a nearness to market, that favor the growth of a specific food 
or fiber crop. 




(c) Additional farmland of statewide importance. This is land, in addition to prime and unique farmlands, that is of 
statewide importance for the production of food, feed, fiber, forage, and oil seed crops. Criteria for defining and 
delineating this land are to be determined by the appropriate State agency or agencies. Generally, additional 
farmlands of statewide importance include those that are nearly prime farmland and that economically produce high 
yields of crops when treated and managed according to acceptable farming methods. Some may produce as high a 
yield as prime farmlands if conditions are favorable. In some States, additonal farmlands of statewide importance 
may include tracts of land that have been designated for agriculture by State law. 




(d) Additional farmland of local importance. In some local areas there is concern for certain additional farmlands for 
the production of food, feed, fiber, forage, and oilseed crops, even though these lands are not identified as having 
national or statewide importance. Where appropriate, these lands are to be identified by the local agency or agencies 
concerned. In places, additional farmlands of local importance may include tracts of land that have been designated 
for agriculture by local ordinance. 
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OTTER CREEK MINE 


17.24.308 OPERATIONS PLAN 


17.24.308(1)  


A description of the operations proposed to be conducted during the life of the mine includes the 


following:  


 


17.24.308(1)(a)  


A narrative description of the type and method of mining procedures and proposed engineering 


techniques, anticipated annual and total production of mineral, by tonnage is included in Exhibit 


308A – Operations Plan.  Major equipment to be used for all aspects of those operations is listed 


in Exhibit 308B – Equipment List.  


 


17.24.308(1)(b)  


Narrative descriptions, with appropriate cross sections, design drawings and other specifications 


sufficient to demonstrate compliance with ARM 17.24.609 and applicable rules of subchapter 


10, explain the construction, modification, use, maintenance, and removal of the following 


facilities (unless retention of such facilities is necessary for post-mining land use as specified in 


ARM 17.24.762)are included as referenced below:  


(i) Dams, embankments, and other impoundments are addressed in Section 17.24.315 – Ponds 


and Embankments.  


(ii) Overburden and soil handling and storage areas and structures are discussed in Exhibit 308A 


– Operations Plan and are shown on Map 8 – Mine Plan. 


(iii) Mineral removal, handling, storage, cleaning, and transportation areas and structures are 


addressed as appropriate in Exhibit 308A – Operations Plan and Exhibit 308C – Mine Facilities.  


Transportation facilities are addressed in Section 17.24.321 – Transportation Facilities Plan.  


(iv) Spoil handling is addressed in Exhibit 308A – Operations Plan.  Waste, garbage, and other 


debris removal including handling, storage, transportation, and disposal are addressed in Exhibit 


308D – Waste Handling and Disposal.  Disposal areas and structures and shown on Map 8 – 


Mine Plan or Map 9 – Mine Facilities as appropriate.  







ARM 17.24.308_Otter Creek Mine.docx 2 7/23/2012\\2:47 PM 


(v) Other support facilities as designated in ARM 17.24.609 are addressed in Exhibit 308C – 


Mine Facilities.  


(vi) Water pollution control is addressed in Section 17.24.314 – Protection of the Hydrologic 


Balance.  Air pollution control facilities are discussed in Exhibit 308C – Mine Facilities; see also 


Section 17.24.311 – Air Pollution Control Plan. 


(vii) Facilities or sites and associated access routes for environmental monitoring are shown on 


Map 10 – Environmental Monitoring Stations.  Data gathering activities for the gathering of 


subsurface data by drilling, to determine the natures, depth, and thickness of all known strata, 


overburden, and coal seams have been addressed in Montana Coal Prospecting Permit 


X2011334; similar methods will be used for any supplemental drilling in the permit area. Use of 


trenching, geophysical or other techniques is not anticipated. 


(viii) No response necessary. 


 


17.24.308(1)(c)  


Measures to be employed to ensure that all debris, acid, toxic, acid-forming, and toxic-forming 


materials, materials constituting a fire hazard, and otherwise undesirable materials are properly 


disposed of are included in Exhibit 308D – Waste Handling and Disposal and Section 314 – 


Protection of the Hydrologic Balance. 


 


17.24.308(1)(d)  


A description of the contingency plans which have been developed to extinguish a fire or 


sustained combustion of materials constituting a fire hazard is included in Section 17.24.311 – 


Air Pollution Control Plan. 


 


17.24.308(1)(e)  


A description of steps to be taken to comply with the requirements of the Clean Air Act (42 USC 


7401, et seq.) is addressed in Section 17.24.311 – Air Pollution Control Plan.  Compliance with 


the Clean Water Act (33 USC 1251, et seq.) is addressed in Section 314 – Protection of the 


Hydrologic Balance.  Requirements of the Resource Conservation and Recovery Act (42 USC 


6901, et seq.) are addressed in Exhibit 308D – Waste Handling and Disposal.  Other applicable 
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air and water quality laws and regulations and health and safety standards, or copies of valid 


permits issued under these laws are addressed in Section 303(1)(t).  


17.24.308(1)(f)  


A plan to prevent the establishment of, or to control, noxious weeds on all lands within the 


proposed permit area until phase IV bond release, in accordance with the Noxious Weed 


Management Act, 7-22-2102 through 7-22-2153, MCA, as amended, is included as Exhibit 308E 


– Noxious Weed Management Plan.  
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OTTER CREEK MINE 



EXHIBIT 308A:  OPERATIONS PLAN 



1.0   Introduction 



Otter Creek Mine will utilize conventional surface mining and reclamation procedures and 



techniques, with adjustments in design and implementation to address site-specific 



considerations.  This Exhibit includes: 



 A general description of the surface mining and reclamation process; 



 A detailed description of the initial mine development sequence; 



 The general Operations Plan, including anticipated annual and total production of coal; 



 A description of mine engineering techniques;  



 Reference to other Exhibits addressing specific components of the Operations Plan; and 



 Miscellaneous performance standards not addressed elsewhere in Subchapter 3. 



 



2.0   General Discussion 



The surface mining process includes the following steps, each of which is discussed below: 



 Soil salvage and storage; 



 Overburden drilling and blasting; 



 Overburden stripping; 



 Coal drilling and blasting; 



 Coal loading and transport from the pit; 



 Coal preparation and loading onto trains; 



 Grading of excavated overburden (spoil) to the post-mining topography; 



 Soil redistribution; and 



 Revegetation. 



 



2.1 Soil Salvage and Storage 



Prior to any mining related disturbance, soil is salvaged for use in reclamation.  As part of 



environmental baseline studies, a soil survey was conducted to determine the nature and quantity 



of the soil resource suitable for use in reclamation.  Baseline Report 304L - Soils Report, 
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includes a soils map, mapping unit descriptions, soils analysis data and soil suitability 



assessments, including physical and chemical limitations; Exhibit 313E – Soil Handling, 



describes soil salvage and replacement as a component of the reclamation plan. 



 



Soil salvage is typically accomplished using scrapers, although other equipment may be utilized.  



Where practicable, the topsoil or “A” horizon is salvaged and stored separately from the subsoil 



(“B” and “C” horizons).  Where the “A” horizon is very thin, eroded or poorly developed, and 



surface soil characteristics are conducive to plant growth, soil is salvaged in a single lift.  



Initially, salvaged soil is stored in stockpiles for later use in reclamation.  Once mining has 



advanced to the point where graded spoil is available, salvaged soil is redistributed directly on 



graded spoil to avoid double handling and maximize regeneration of native plant species from 



living plant materials contained in the soil. 



 



2.2 Overburden Drilling and Blasting 



The overburden must be fragmented so that it can be excavated to uncover the coal seam.  After 



soil salvage, blast holes are drilled through the overburden to the top of the coal seam on a pre-



engineered spacing (or pattern) and loaded with explosives.  Ammonium Nitrate and Fuel Oil 



(ANFO) is the primary blasting agent in dry mix.  Blasting procedures are described in detail in 



Exhibit 310A – Blasting Plan. 



 



2.3 Overburden Stripping 



The primary overburden stripping machine is the dragline.  Once the overburden is fragmented 



by blasting, the dragline uncovers the coal in long narrow pits, ranging from 150 to 250 feet wide 



based on pit geometry and may be up to several miles in length.  The dragline bucket is pulled 



vertically on the digging face filling it with overburden; the machine then swings to the side and 



dumps the excavated overburden in the adjacent pit from which the coal uncovered in the 



previous pass has been removed.  The result is a series of parallel spoil ridges prior to 



implementation of reclamation procedures.   



 



In thicker overburden areas, pre-stripping ahead of the dragline may be conducted.  Pre-stripping 



will be performed using scrapers, dozers, or truck/loader or truck/shovel fleets.  Other support 



equipment may be used to assist the dragline in the following operations. 











Exhibit 308A_Otter Creek Mine_Operations Plan.docx 3 7/23/2012\\2:25 PM 



 



Box Cut.  The box cut is the initial cut where there is no adjacent empty pit in which to place 



excavated spoil.  When a box cut is excavated using a dragline, spoil is placed on adjacent un-



mined ground.  In deeper overburden, the dragline may not be able to reach the coal seam or 



have enough spoil room to place the spoil.  At Otter Creek Mine, the thinnest overburden is 



nearly 100 feet, so the box cut may be established using a dragline, mobile equipment or a 



combination of equipment.  Excess box cut spoil is placed in an out-of-pit storage area.  Once the 



coal is removed, the empty box cut provides space for placement of spoil from the next cut. 



 



Pre-Stripping.  Where overburden depths exceed dragline digging capabilities, pre-stripping 



using mobile equipment is used to remove excess material to establish the overburden bench for 



cast blasting.  The excavated spoil is hauled to the spoil side and dumped over dragline spoil 



peaks. 



 



Interburden Stripping.  In the southern part of the mine plan area, the Knobloch coal is split by 



interburden ranging in thickness from near zero up to 60 feet or more.  In this area, the 



interburden is excavated and removed using mobile equipment, and placed in a nearby pit from 



which the coal has been removed, where it is covered by dragline spoil from the next pass. 



 



2.4 Coal Drilling and Blasting 



The coal must be fragmented by blasting so that it can be loaded into haul trucks using either a 



shovel or loader operation.  The top of the coal seam is cleaned of remaining overburden using 



mobile equipment prior to drilling and loading of blast holes.  Coal blasting procedures are 



described in detail in Exhibit 310A – Blasting Plan. 



 



2.5 Coal Loading and Hauling 



Depending on loading equipment utilized and/or coal quality management considerations, coal 



removal may occur by full seam thickness or by incremental benches.  A shovel or loader(s) is 



used to load the fragmented coal into haul trucks for transport along the pit floor, up a ramp out 



of the pit and to the truck dump via the mine haul road system.  The road system is described in 



Exhibit 321A – Transportation Facilities.  
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2.6 Coal Preparation and Shipment 



The coal handling facility consists of truck dump, primary crushing system, secondary crushing 



system, conveyor galleries, silo storage, train loadout, and coal samplers.  The flow sequence of 



the coal begins with haul trucks dumping the coal into the surge bin feeding the primary crusher 



to break up larger chunks.  The coal is then conveyed to the secondary crushing system and then 



to an active storage facility where it is available for loading onto trains.  Coal handling and mine 



facilities are described in Exhibit 308C – Mine Facilities; the rail loop and access roads are 



described in Exhibit 321A – Transportation Facilities. 



 



2.7 Grading of Spoil 



Spoils are graded to achieve the pre-engineered post-mining topography, which is discussed in 



Exhibit 313C – Backfilling and Grading.  Backfilling may be supplemented by mobile 



equipment placing pre-stripped and/or stockpiled overburden spoil onto reclamation.  Final 



grading is accomplished primarily by dozers and scrapers.   



 



Grading begins as soon as sufficient areas of backfilled spoil are available, and continues 



contemporaneously with mining activities as the active pit advances across the landscape.   



 



The backfilling and grading plan also incorporates design and construction of drainage basins to 



re-establish surface water drainage patterns and promote hydrologic balance.  Please refer to 



Exhibit 313D – Reclamation of Drainage Basins. 



 



Final pit closure plans are also included in the backfilling and grading plan.  When the pit 



advance is no longer possible due to uneconomic overburden depth or adverse coal and/or 



surface ownership, the final open pit must be reclaimed to reestablish drainage patterns and 



facilitate the post-mining land use.  Final pit backfilling is accomplished by a combination of 



grading of material from the highwall and spoil (low wall) sides, haulage of spoil from storage, 



and utilization of bluff extensions where feasible and consistent with regulatory requirements. 



 



2.8 Soil Redistribution 



Soil is redistributed in a manner to provide a suitable plant growth medium in order to achieve 



revegetation and land use objectives.  Prior to soil placement, the graded soil surface is scarified 
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to relieve compaction.  Quantity, quality and placement of soil are discussed in detail in Exhibit 



313E – Soil Handling.   



 



Selectively handled overburden of suitable quality may be utilized to supplement soil thickness 



or substitute for soil where indicated by graded overburden quality or revegetation goals.  



Exhibit 313F – Soil Testing Plan describes quality monitoring of graded spoil and soil and/or soil 



substitute.  



 



2.9 Revegetation 



The surface of redistributed soil is prepared and seeded using a diverse mixture of native plant 



species to achieve the predominant post-mining land use of grazing land.  Introduced species will 



be utilized where the post-mining land use is pastureland.  Land use goals are discussed in 



Exhibit 313A – Post-Mining Land Use.  Seeding is supplemented with tree and shrub seedlings 



planted in suitable locations for wildlife habitat enhancement.  Revegetation procedures, seed 



mixes, monitoring and performance standards are discussed in Exhibit 313G – Revegetation 



Plan.   



 



3.0   Initial Mine Development 



Initial mine development is sequenced to establish roads and incised sediment ponds to route and 



detain runoff for sediment control prior to further disturbance in affected watersheds.  To the 



extent possible, roads and sediment ponds are contained within the mining footprint to minimize 



associated disturbance.  Also, by locating roads and sediment ponds within the mining footprint, 



efficiency is enhanced by minimizing earth moving that does not uncover coal.  Mine facilities 



are located away from Otter Creek in areas where runoff can be routed to the internal drainage 



control system.   



 



Initial mine development is also designed and sequenced to minimize spoil placed in storage 



outside of the mining footprint.  Initially, spoil from mid pit will be placed in the out-of-pit 



storage area.  The area at mid-pit where coal is removed will then be used for spoil placement 



from the south box cut.  Finally, the south pit will be advanced to make room for spoil from the 



north box cut to be placed over dragline spoil. 
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The dragline will be erected concurrently with establishment of the box cut, which will be 



established using mobile equipment.  The location of the dragline erection site will allow the 



dragline to begin digging with a minimum of deadheading.  Also, the plan is flexible to allow 



additional mobile equipment stripping beyond the box cut at mid-pit if necessary pending 



completion of the dragline erection. 



 



A projected sequence for initial mine development is contained in Appendix A.  This sequence is 



intended to demonstrate how the dual objectives of drainage control and mine pit development 



are to be achieved, but the actual development sequence may be modified to adjust to field 



conditions and timing considerations.   



 



4.0   General Operations Plan 



The mine plan is designed to produce approximately 20 million tons of coal annually for 17- 20 



years, with total estimated recovery of about 330 million tons.  Coal recovery is addressed in 



detail in Exhibit 322A – Coal Conservation Plan.  Actual annual production may vary 



considerably depending on market conditions and/or other business considerations. 



 



Map 8 - Mine Plan Map, shows the anticipated mining sequence in five-year blocks.  Any or all 



of these mining sequence estimates can, and likely will, be affected by: market fluctuations; 



shifts in mining areas necessary to maintain specific coal quality requirements, pit turns, and 



necessary operating changes identified by short range and long range planning.  These situations 



are difficult to predict affecting the ability to develop a precise year-by-year plan.  Mining and 



reclamation activities will consequently expand and contract in reaction to current pit situations 



and market conditions.  Due to this variability, the lines shown on the mining sequence exhibits 



are simply best estimates at the time of preparation of the exhibit.  The annual report submitted 



for this permit will give notice of any operational adjustments for the applicable report periods 



and will refine sequence projections. 



 



Major equipment types to be used to conduct the operations are listed in Exhibit 308B – 



Equipment List.   
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5.0   Engineering Techniques 



Engineering techniques utilized in the planning and operation of Otter Creek Mine fall into the 



following categories: 



 Mine Design and Permitting; 



 Long Range Planning; 



 Short Range Planning; 



 Production Monitoring; and 



 Allocation of Production. 



 



All surveying, mapping and engineering functions utilize the North American Datum of 1983 



(NAD 83) coordinate system.    



5.1 Mine Design and Permitting 



Engineering aspects of mine design and permitting are diverse and include the following: 



 



Mine Design.  Design of the mine plan includes coal and overburden volumetrics, pit layout, coal 



quality and equipment selection based on production rate and equipment efficiencies.  



Volumetrics are quantified using three-dimensional mining software applications such as 



MinCom or Carlson.  The volumetric model constructed for mine design is the starting point for 



long range planning during mine operation, discussed below. 



 



Constructed Facilities Design.  Design of constructed facilities includes elements of process, 



structural and civil engineering applications.  Exhibit 308C – Mine Facilities, describes the 



facilities layout, function and capacity. 



 



Transportation Design.  Exhibit 321A – Transportation Facilities, includes design information 



for access roads, haul roads and the rail loop. 



 



Drainage Control Design.  Design information for ponds and embankments is included in Exhibit 



315A – Ponds and Embankments.  See also Exhibit 314A – Protection of the Hydrologic 



Balance. 
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Reclamation Design.  Design of post-mining topography is addressed in Exhibit 313C – 



Backfilling and Grading.  See also Exhibit 313D – Reclamation of Drainage Basins. 



 



5.2 Long Range Planning 



The long range mine operations planning function uses the basic mine design as its starting point, 



and typically looks at mine planning on one-year, five year and life of mine horizons, based on 



projected customer requirements, for the life of the mining operation.  The plan utilizes three-



dimensional volumetric modeling techniques to model and project soil, overburden, coal quality 



and coal volumes to be moved, as well as reclamation quantities and acreages.  Volumetric data, 



in combination with equipment efficiencies form the basis for projecting equipment selection, 



employment staffing level, and ultimately, cost of production.  The long range planning function 



prepares the budget projection, which is updated each year. 



 



5.3 Short Range Planning 



Short range planning utilizes the budget information to schedule equipment and manpower on a 



short-term basis, typically one month or less, to assure that coal is available to meet shipping 



schedules.  It is an ongoing process that schedules all aspects of the the day-to-day operation of 



the mine. 



 



5.4 Production Monitoring 



Production monitoring involves regular monthly pit surveys, either on the ground using Global 



Positioning Systems (GPS) surveying instruments, or aerial photogrammetry.  The purpose is to 



measure directly quantities of soil and overburden moved and volume of coal uncovered and 



mined during each monthly period.  This information is fed back into the long-term and short-



term planning functions to fine tune those processes, optimize performance and maximize 



efficiencies. 



 



5.5 Production Allocation 



Otter Creek Mine produces coal from a combination of State of Montana and private leases that 



are in a checkerboard pattern.  Accurate allocation of coal production is required for 



determination of tonnage produced by lease and monthly payment of royalties.  The first step is 



to obtain accurate surveys of lease boundaries, which are incorporated into the volumetric model.  
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Data from monthly production monitoring is then utilized to calculate volume mined by lease 



and allocate it accordingly.   



 



6.0   Miscellaneous Operational Components 



The preceding narrative sections include references to several exhibits relevant to the Operations 



Plan.  Following is a list of other exhibits not specifically referenced in these discussions. 



 Exhibit 308D – Waste Handling and Disposal 



 Exhibit 308E – Noxious Weed Management Plan 



 Exhibit 311A – Air Pollution Control Plan 



 Exhibit 312A – Fish and Wildlife Plan 



 Exhibit 313H – Management of Bore Holes  



 Exhibit 314A –Hydrologic Balance Protection 



 Exhibit 314B - Hydrologic Monitoring 



 Exhibit 315A – Ponds and Embankments 



 



7.0   Miscellaneous Performance Standards 



There are several performance standards under Subchapter 5 that have no counterpart in the 



application requirements of Subchapter 3.  These are addressed below. 



 



7.1 ARM 17.24.517 Slides and Other Damage  



(1) The requirement for an undisturbed natural barrier, as approved by the Montana Department 



of Environmental Quality (MDEQ), to be provided beginning at the elevation of the lowest coal 



seam to be mined and extending from the outslope for such distance as may be determined by 



MDEQ as is needed to assure stability, is appropriate for contour stripping, but is not applicable 



to an area strip mining operation. 



(2) Whenever a slide that may have a potential adverse effect on public property, health, safety, 



or the environment occurs, Otter Creek Coal, LLC (OCC) will notify MDEQ by the fastest 



available means and comply with any remedial measures required by the department. 
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7.2 ARM 17.24.518 Buffer Zones  



(1) All mining activities, including highwall reduction and related reclamation, will cease at least 



100 feet from a property line, permanent structure, unmineable or unreclaimable steep or 



precipitous terrain, or any area determined by MDEQ to be of unique scenic, historical, cultural, 



or other unique value.  



 



7.3 ARM 17.24.521 Temporary Cessation of Operations  



(1) OCC will effectively secure surface facilities in areas in which there are no current 



operations, but in which operations are to be resumed under an approved permit.  The 



requirements of the approved permit will be observed during any period of temporary cessation. 



(2) Before temporary cessation of mining and reclamation operations extends for a period of 30 



days or more, or as soon as it is known that a temporary cessation will extend beyond 30 days, 



OCC will submit to MDEQ a notice of intention to temporarily cease mining and reclamation 



operations.  This notice will include a statement of the exact number of acres that will have been 



affected in the permit area, prior to such temporary cessation; the extent and kind of reclamation 



of those areas that will have been accomplished; and identification of the backfilling, grading, 



revegetation, environmental monitoring, and water treatment activities that will continue during 



the temporary cessation.  



 



7.4 ARM 17.24.522 Permanent Cessation of Operations  



(1) In the event of permanent cessation of operations, OCC will close or backfill and otherwise 



permanently reclaim all affected areas, in accordance with the Act, rules adopted thereunder, and 



the permit as approved by MDEQ. This will occur regardless of whether the permit has expired, 



or has been revoked or suspended.  



(2) All surface and underground openings, equipment, structures, or other facilities not required 



for monitoring, unless approved by MDEQ as suitable for the post-mining land use or 



environmental monitoring, will be removed and the affected land reclaimed.  



(3) Equipment needed for reclamation will not be removed from the mine until reclamation is 



complete.  
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7.5 ARM 17.24.524 Signs and Markers  



(1) All signs required to be posted by OCC will be of a standard design throughout the operation 



that can be seen and read easily and will be made of durable material.  Signs will not be placed 



where their visibility is reduced by parked vehicles, splashed mud, or other causes.  The signs 



and other markers will be maintained during all operations to which they pertain and will 



conform to local ordinances and codes, where applicable.   



(2) Signs identifying the mine area will be displayed at all points of access to the permit area 



from public roads and highways.  Signs will show the name, business address and telephone 



number of the permittee, identification numbers of current mining and reclamation permits and 



the mine safety and health administration identification number for the site, and, if the operation 



is conducted by a contractor, the name, business address and telephone number of the person 



who conducts the mining activities.  Such signs will not be removed until after release of all 



bonds.  



(3) The perimeter of the permit area will be clearly marked by durable and easily recognized 



markers or by other means approved by MDEQ.  Each marker will be visible from each adjacent 



marker, or markers will be joined by fencing or other durable means approved by MDEQ.  Such 



markers will be designed so that their visibility will not be reduced in general by operation of 



equipment, weather effects, and other normally occurring effects. The markers will be in place 



before the start of any mining activities.  



(4) Boundaries of buffer zones will be marked separately and distinctly from perimeter markers 



wherever the boundaries of both do not coincide.  Wherever the boundaries do coincide, only 



perimeter markers will be used.  



(5) Signs reading "Blasting Area" will be displayed conspicuously along the edge of any blasting 



area that comes within 50 feet of any road within the permit area, or within 100 feet of any 



public road right-of-way.  OCC will also:  



(a) conspicuously flag, or post within the blasting area, the immediate vicinity of charged holes; 



and  



(b) place at all entrances to the permit area from public roads or highways conspicuous signs that 



state "Warning! Explosives in Use” and that clearly explain the blast warning and all clear 



signals in use and explain the marking of blast areas.  
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(6) Where soil or other vegetation-supporting material is segregated and stockpiled, the 



stockpiled materials will be clearly marked.  Markers will remain in place until the material is 



removed. 
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OTTER CREEK MINE 




EXHIBIT 308A APPENDIX A:  PROJECTED INITIAL MINE 




DEVELOPMENT SEQUENCE  




Initial development of Otter Creek Mine will follow a pre-planned sequence to control drainage 




and maximize earth moving efficiency as illustrated below. 




 Construct an access road from Highway 484 (opposite the facilities area) eastward across 




the Otter Creek valley bottom to the mining area to the point where it forks to the east 




and south.  Please refer to Map 8 – Mine Plan and Map 9 – Mine Facilities.   




 Construct Road Segment 1 generally parallel to the east flank of the valley bottom to its 




intersection with Segments 3 and 4.  The up-gradient road ditch serves as drainage 




control for Drainage 1, Drainage 2 and a portion of Drainage 3, and is graded such that 




overflow from Pond 1 flows to Pond 1A.   




 Place soil salvaged from road construction, ponds and clinker storage area in Soil  




Storage 1. 




 Construct excavated Pond 1 and Pond 2 for drainage control in these watersheds, placing 




excavated clinker in the clinker storage area along the northeast side of the road. 




 Construct the access road to the facilities area at the north end of the pit, placing soil in 




Soil Storage 2. 




 Begin construction of mine facilities. 




 Place soil salvaged from the Temporary Overburden Storage (TOS) area in Soil  




Storage 2. 




 Construct excavated Pond 1B, placing excavated clinker in storage.   




 Construct the Haul Road Segment 2 (Temporary) to the Drainage 5 and Drainage 6 




divide and Segment 3 northeastward to the truck dump.  Place excavated material in 




TOS.   




 Construct temporary access road/Ramp 2 to the Box Cut (Pass 1), and to the dragline 




erection site.  Dragline erection will take place concurrently with mobile equipment box 
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cut development.  Construct excavated Pond 3, and Pond 4 and Pond 5 within the mobile 




equipment pit footprint, placing material in TOS or Clinker Storage as appropriate. 




 Construct a temporary road within the footprint of the north box cut northward to the 




TOS and facilities area. 




 Construct excavated Pond 1A and Pond 2A (temporary) within the north box cut 




footprint to capture inflow above the TOS, and above Pond 1 and Pond 2.   




 Construct Pond 3A (temporary) in the north box cut footprint. 




 Place soil from Middle Pit box cut and blocks A through J in Soil Storage 1 and Soil 




Storage 3. 




 Open the box cut southward from temporary Ramp 2 and mine southward to the Drainage 




6 divide, hauling overburden to the TOS using the temporary road.  Haul coal on the pit 




floor to temporary Ramp 2, or alternatively, via the temporary spoil road to the truck 




dump. 




 Direct pit water to Pond 3A.   




 Mine Blocks A through I, mining toward the Knobloch coal subcrop, placing spoil in the 




TOS. 




 Place soil from the South Pit box cut in Soil Storage 4, and if required, Soil Storage 6. 




 Continue stripping and mining southward in the box cut, constructing Haul Road 




Segment 4 with spoil on the outside highwall, and hauling excess spoil to the Block A 




throughI area, excavating Pond 6 and Pond 7 (temporary) as each drainage divide is 




crossed. 




 If dragline erection is complete, begin stripping at temporary Ramp 2 toward the south, 




spoiling into the empty box cut.  If the dragline is not yet operational, strip dragline 




passes  




2 through5 using mobile equipment until the dragline is deployed.  Using the dragline, 




strip from temporary Ramp 2 toward the south and continue advancing in the south until 




spoil area is in place for spoil from the north box cut, approximately Passes 12 through 




15.  Establish Pond 4A, Pond 5, Pond 6 and Pond 7 in spoil in the box cut. 















Exhibit 308A_Otter Creek Mine_Appendix A.docx  7/23/2012\\2:06 PM 




3 




 Strip overburden northward from temporary Ramp 2, and mine Block J toward the 




subcrop and burn line, removing the temporary spoil haul road.  Haul spoil to Block A 




through I area.   




 Place soil from North Pit box cut in Soil Storage 1, Soil Storage 2, Soil Storage 3 and if 




required, Soil Storage 5. 




 Continue mining Pass 1 northward, removing the temporary road.  As coal is mined, 




place spoil along the outside highwall to construct Haul Road Segment 5.  Haul excess 




spoil to the South Pit dragline spoil area.  Complete final Main Haul Road Segment 5 to 




the Truck Dump. 




 Using spoil from the North Pit box cut; construct Main Haul Road Segment 6 from the 




intersection at Pond 5 to the truck dump. 




 Direct all runoff and pit water along the haul road ditch system to Pond 3A from the 




north and Pond 4A from the south.  




 Dragline stripping can commence at the north end when all coal has been removed from 




the box cut in this area. 




 As the first dragline cut is completed and the box cut is filled with dragline spoil, develop 




Ramps 1 through3, re-establish Pond 1A and Pond 2A. 




 Ramps should be well established at approximately the third dragline pass (Pass 4 for 




Ramps 1 and 2; Pass 13 for Ramp 3); sufficient spoil area should be available for 




reclamation to begin at this time. 
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OTTER CREEK MINE 
EXHIBIT 308B:  LIST OF EQUIPMENT 



 



Quantity - Equipment 



1 – 100 to 120 CY Class Dragline 



1 – 53 CY Electric Shovel 



1-2 – Electric Drills 



1-2 – Large Class Front End Loader (38 CY) 



8-10 – Large Class Haul Truck (240 CY) 



2-4 – 24G Graders 



3-5 – Large Class Dozers (Cat D-11 size) 



2-5 – Large Class Scrapers (Cat 651 size) 



1-3 – Water Truck 



1-2 – Rubber Tired Dozer 



0-1 – Reclamation Tractor 



Soil Preparation and Seeding implements – Disk, Subsoil Plow, Roller Harrow, Seeder 



Other miscellaneous support equipment too numerous to mention 



 



Note:  Actual quantities of equipment may vary as needs change 
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OTTER CREEK MINE 



EXHIBIT 308C:  MINE FACILITIES 



1.0 Introduction 



This Exhibit describes mine facilities other than sediment control facilities and transportation 



facilities, which are addressed in detail in Exhibits 315A – Ponds and Embankments, and 321A – 



Transportation Facilities, respectively.  The requirements of ARM 17.24.308(1)(b) are 



addressed, as are the performance standards of ARM 17.24.609.  Mine facilities are shown on 



Map 8 – Mine Plan, and Map 9 – Mine Facilities. 



 



2.0 General Description of Mine Facilities 



At the time of initial mine permit application submittal, mine facility locations and arrangements 



are conceptual only, pending final design engineering.  Due to the configuration of the Otter 



Creek coal tracts, there is limited room for facility placement that will not overlie mineable coal, 



and at the same time avoid the valley bottoms of Otter Creek and its tributaries.  Final 



engineering designs will proceed when locations and general arrangements are approved. 



 



2.1 Coal Handling and Loading Facilities 



The truck dump and primary crusher is located adjacent to the box cut along the main haul road 



to facilitate access and minimize haul distances.  End-dump trucks will dump into dual bins 



feeding dual primary crushers; redundancy is built in to allow coal production if one crushing 



line is down.  Primary crushers will crush the coal to a top size of six to eight inches; each 



crushing line will have a capacity of 5,000 tons per hour (tph).   



 



The primary crushers will feed a 4,300-foot overland conveyor sized to carry 5,000 tph, which 



will probably require a belt width of 84 inches, depending on belt speed.  Coal will be conveyed 



to a transfer station and transferred to a second 4,900-foot belt across the Otter Creek valley and 



Highway 484 to a secondary crusher inside the rail loop.  Like the primaries, the secondary 



crushers will employ dual crushers of 5,000 tph capacity each.  Secondary crushing will crush 



the coal to a top size of three inches, and a third belt will carry the coal to the top of two storage 



silos, each of 15,000-ton capacity.  Trains will be gravity loaded from the silos at a rate of 7,000 



tph. 
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Conveyors will be covered and transfer points and crushers enclosed to control dust.  The belt 



will be enclosed over the highway and railroad.  The truck dump station will employ dust 



curtains enclosing the dumping operation and a fogging system; fogging systems will also be 



utilized at the train loading point.  Crushers, transfer points and the silos will be equipped with 



containment and drainage sumps to capture coal dust and lubricants from normal operation and 



washdown, isolating them from the surface drainage system.  



 



The rail loop has been arranged to place the silos and train loadout on the west side of the loop 



away from Otter Creek.  Both the silos and secondary crusher are located to facilitate drainage 



control using small ponds. 



 



Coal will receive no preparation other than crushing to sales contract size specifications.  There 



will be no coal processing waste requiring storage or disposal. 



 



2.2 Support Facilities 



Support facilities include the offices and change house; warehouse and shop, including ready 



line; fueling station; ammonium nitrate/fuel oil (ANFO) storage; and waste disposal pit.  All of 



these facilities will be located on Tract 2 near the north end of the box cut.  This location was 



chosen to keep these facilities removed from Otter Creek and to facilitate drainage control within 



the internal mine drainage system.   



 



The shop area will also have a wash bay for heavy equipment.  The wash bay will be equipped 



with a sump to contain sludge, with a skimmer to collect oil and grease so that these wastes are 



isolated from the mine drainage system. 



 



The fueling station will employ containment and safety features consistent with spill containment 



and countermeasure (SPCC) requirements. 



 



An explosive magazine will be located at the north end of Tract 2, remote from offices and other 



facilities, consistent with requirements of the Mine Safety and Health Administration (MSHA).  



The tentative location may require adjustment depending on the types and amounts of explosives 



stored.   
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Water supply will utilize a deep well or wells for domestic water; engineering studies will be 



required to determine amounts required and the appropriate source.  To the extent possible, water 



contained in sediment ponds will be used for dust control on haul roads.  Water pumped from the 



clinker aquifer is an alternate water source for dust control and also for fire suppression water, 



which must be stored and available for automated fire suppression.  Water from dewatering wells 



may also be an option for these uses. 



 



Similarly, facility heating and cooling will require engineering study to determine the most cost 



effective option, given remoteness of the site.  Some combination of electricity and natural gas or 



propane is the most likely option.     



 



3.0 ARM 17.24.609 Other Support Facilities 



(1) Support facilities, including temporary and mobile facilities, required for, or used incidentally 



to, the operation of the mine including, but not limited to, mine buildings, rock crushers, coal 



loading facilities, coal storage facilities, equipment storage facilities, septic systems, sewage 



lagoons, fuel storage and distribution facilities, sheds, shops, other buildings, and environmental 



monitoring sites will be designed, constructed or reconstructed, and located to prevent or control 



erosion and siltation, water pollution, and damage to public or private property.  Support 



facilities will be designed, constructed or reconstructed, maintained, and used in a manner which 



prevents, to the extent possible using the best technology currently available (BTCA):  



(a) damage to fish, wildlife, and related environmental values; and  



(b) additional contributions of suspended solids to stream-flow or runoff outside the 



permit area. Any such contributions must not be in excess of limitations of state or 



federal law.  



 



(2) Mining operations will be conducted in a manner that minimizes damage, destruction, and 



disruption of services provided by oil, gas and water wells; oil, gas, and coal-slurry pipelines; 



railroads; electric and telephone lines; and water and sewage lines which pass over, under, or 



through the permit area, unless otherwise approved by the owner of those facilities and the 



department. Such facilities are shown on Map 5 – Surface Features. 



(3) No support facility will be constructed in a manner or located other than as indicated in the 



approved permit application or site approved by the department.  To the extent required by this 
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rule, final designs for facilities will be submitted to the department for approval prior to 



construction. 








			1.0 Introduction


			2.0 General Description of Mine Facilities


			2.1 Coal Handling and Loading Facilities


			2.2 Support Facilities





			3.0 ARM 17.24.609 Other Support Facilities
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OTTER CREEK MINE 
EXHIBIT 308D CROSS REFERENCE:  WASTE HANDLING 
AND DISPOSAL 



17.24.507 STORAGE AND FINAL DISPOSAL OF GARBAGE AND OTHER DEBRIS  



ARM 17.24.507 Subsection: Location of Required Information: 
(1) Garbage and other debris including, but not 
limited to, grease, lubricants, paints, flammable 
liquids, trash, abandoned mining machinery, 
lumber and other combustibles generated during 
mining activities must be placed and stored or 
disposed of in a controlled manner in a 
designated portion of the permit area. 



2.0 Waste Disposal On-Site 
 



(a) Placement, storage, and disposal must ensure 
that leachate and surface runoff do not degrade 
surface or ground water, that fires are prevented 
and that the area remains stable and suitable for 
reclamation and revegetation compatible with the 
natural surroundings. 



2.0 Waste Disposal On-Site 
 



(b) All disposal sites must be routinely 
compacted, and suitable earth materials must be 
placed over garbage and other debris to a 
thickness in accordance with ARM 17.24.501(2). 



2.0 Waste Disposal On-Site 
 



(2) At no time may any garbage or other debris 
be deposited at impoundment sites, nor may any 
excavation for solid garbage or debris disposal be 
located within 8 feet of any coal outcrop or coal 
storage area. 



2.0 Waste Disposal On-Site 
 



(3) Municipal garbage may not be deposited 
within a permit area unless compliance with this 
rule and ARM 17.24.510 is demonstrated. 



Not Proposed 



(4) Notwithstanding any provision of this 
subchapter, any garbage or other debris meeting 
the definition of "hazardous" as found in section 
3001 of PL 94-580, as amended, must be handled 
in accordance with PL 94-580 and regulations 
adopted thereunder. 



3.0  Waste Types 
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17.24.510 DISPOSAL OF OFFSITE-GENERATED WASTE AND FLY ASH 



ARM 17.24.510 Subsection: Location of Required Information: 
(1) Before waste materials or fly ash from a coal 
preparation or conversion facility or from other 
activities conducted outside the permit area such 
as municipal waste collection may be used for 
fill material or other purpose or disposed of on 
the mine site, the permittee shall demonstrate to 
the department by hydrogeological means, 
chemical and physical analyses, and the disposal 
procedures that use and disposal of these 
materials will be conducted in accordance with 
ARM 17.24.505, 17.24.631, 17.24.643, 
17.24.702, 17.24.711, and any other applicable 
provision of the Act and pursuant rules, will not 
adversely affect water quality, public health or 
safety, or other environmental resources, and will 
not cause instability in the backfilled area. The 
operator may not use such waste or fly ash for 
fill or other purpose or dispose of such material 
on the permit area without prior approval by the 
department. 



Not Proposed 



(2) Notwithstanding any provision of this 
subchapter, any waste materials meeting the 
definition of "hazardous" as found in section 
3001 of PL 94-580, as amended, must be handled 
in accordance with PL 94-580 and regulations 
adopted thereunder. 



3.0  Waste Types 
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OTTER CREEK MINE 



EXHIBIT 308D:  WASTE HANDLING AND DISPOSAL 



1.0 Introduction 



Storage and disposal of mine generated debris will meet the requirements in ARM 17.24.507. 



Waste may be handled in any of three different ways depending on the nature of the waste 



material:  



 Disposal on-site; 



 Recycling or reclaiming; and 



 Disposal off-site. 



 



The most desirable alternative is recycling or reclaiming; however, this is not always feasible.  It 



will be accomplished by contracting with an independent firm for the proper transport and 



recycling/reclaiming of the waste material. 



 



Off-site disposal is desirable for certain types of materials (i.e. fluids and lubricants) and is 



required for any waste classified as hazardous that may be generated at the mine.  Off-site 



disposal is typically accomplished via an independent firm for the proper transport and disposal 



of the waste. 



 



2.0 On-Site Waste Disposal 



A disposal site will be established and maintained on site for disposal of solid waste generated as 



a result of mine construction and operation.  Please refer to Exhibit 308C – Mine Facilities, for 



information regarding the location, operation and reclamation of the site.  Solid waste will be 



placed in the disposal site and will be covered as soon as practicable.  A minimum of eight feet 



of overburden will be placed over the disposal site for final reclamation.  Disposal of solid 



wastes may occur at any time during mine operating hours.  Disposal will not occur at times 



when conditions preclude safe and proper operation.  Access to the disposal site is provided by 



mine haul and access roads.  These roads are designed, constructed, and maintained for all-



weather use by mine equipment. Therefore, inclement weather does not normally hinder 



disposal.  
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Surface water is not allowed to flow into or from solid waste disposal sites.  Although 



precipitation at the disposal location cannot be controlled, waste will not intentionally be placed 



in standing water. 



 



Waste disposal sites are constructed on lands owned and operated by Otter Creek Coal, LLC 



(OCC) as part of the active mining area.  Disposal sites are clearly marked with signs identifying 



the site as a solid waste dump site.  Solid waste is not placed within eight feet of the final graded 



backfill surface, within eight feet of any coal outcrop and or coal storage area, or at surface water 



impoundment sites. 



 



3.0 Waste Types 



This subsection describes the types of wastes that may be generated at Otter Creek Mine.  



General characteristics are discussed for each material type.  Special handling procedures are 



also addressed when applicable. 



 



3.1 Office and Shop Wastes 



Office and shop wastes are wastes that may originate in the administration building, shops, and 



preparation plant at the mine.  The wastes are solids such as paper, rags, filters, wood, cardboard, 



metals, plastics, and other synthetic materials.  Minor quantities of food wastes are also included. 



 



Office and shop wastes are placed in dumpsters or designated barrels in and around the plant site.  



These receptacles are emptied regularly and the wastes are hauled to the solid waste dump. 



 



Fluorescent and mercury vapor light bulbs are collected and recycled.   



 



3.2 Equipment and Supply Wastes 



Equipment wastes are defined as large and small pieces of machinery, parts and accessories, 



engines, and miscellaneous components.  Large pieces of waste equipment are recycled 



whenever possible. Used lead-acid batteries are stored separately on a concrete pad.  They are 



periodically removed from the site and regenerated or recycled by an independent contractor. 
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Supply wastes are items such as belts, tires, pipes, cable, wire, glass, concrete, non-asbestos 



insulation, plasterboard, fencing, culverts and replacement parts.  With the exception of lead-acid 



batteries, equipment and supply wastes are hauled directly to the solid waste dump, or 



temporarily stored in dumpsters.  Dumpsters are regularly emptied in the solid waste dump. 



 



Waste cables and wire ropes from draglines and shovels containing minimal grease residue are 



generally recycled, but may be disposed of in the backfill.  Cables and wire ropes will not be 



placed within eight feet of the final graded backfill surface. 



 



As with other types of waste generated at the mine, the preferred disposition of Off Road Vehicle 



Tires (ORVT) is to reuse or recycle the tires, to take advantage of the resource.  When ORVT 



can no longer be used or cannot be recycled, the tires may be disposed of in the following 



manner: 



 ORVT are placed in the backfilled spoil in a single layer, not contacting unmined coal.  



Whole tires are stacked in a single layer, while residual sidewalls and treads from two-



piece tires may be stacked or layered no more than six high. 



 ORVT will be covered in a timely manner, with no less than 50 feet of backfilled 



overburden.  



 



3.3 Fuels, Fluids, and Lubricants 



Representatives of this waste type are diesel fuels and gasoline, engine and hydraulic fluids, 



motor and power train oils and lubricants, greases, antifreeze, and various fuel additives.  Most 



of these materials are liquids or semi-liquids.  Fuels, fuel additives, greases, and lubricants are 



largely consumed by use.  Fuel, fuel additive, grease and lubricant wastes are thus seldom 



generated.  However, if encountered, these waste materials will be properly stored in a 



designated location and hauled off-site by independent contractors for proper disposal or 



recycling. 



 



Used oils, lubricants, hydraulic and engine fluids will be stored in steel tanks and do not meet 



hazardous waste criteria.  Whenever possible, used oils will be burned on-site for energy 



recovery in space heaters in the maintenance shops.  In the event of burner failure or excess 



accumulation, the material will be hauled off-site for recycling by an independent contractor. 
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Any hazardous waste materials will be properly identified, manifested, and disposed of off-site. 



 



3.4 Waste Sorbents 



Granulated sorbent material is used in the maintenance shops to clean up minor oil, grease, fuel, 



antifreeze, and non-chlorinated solvent spills from the shop floor.  Operational applications 



which require sorbents for clean-up will not involve materials which would meet the definition 



of a listed hazardous waste as defined in 40 CFR Part 261, Subpart D.  Therefore, any sorbent 



mixture would not be considered a RCRA Hazardous Waste as defined in 40 CFR Part 261 



Section 261.3(a)(2)(iv) (mixture rule).  Any waste mixture resulting from the cleanup of 



hazardous wastes which are hazardous solely because it exhibits the characteristic of a hazardous 



waste (40 CFR Part 261 Subpart C) and which no longer exhibits the characteristic identified in 



Subpart C will be considered a solid waste (Section 261.3(a)(2)(i)). 



 



3.5 Chemicals 



Chemicals to be utilized at Otter Creek Mine will include paints and paint-related materials, 



starting fluids, and commercial cleaning fluids.  Limited amounts of solvent purchased directly 



are also included in this category.  Halogenated solvents will only be used for very specialized 



electrical cleaning purposes.  This application is performed using aerosol cans and no 



recoverable waste material is produced.  If, however, disposal should become necessary, it will 



be accomplished in accordance with EPA regulations for hazardous wastes. 



 



3.6 Impacted Earthen Materials 



Earthen materials that become impacted by a petroleum product are treated prior to placement in 



the backfill or hauled offsite for proper disposal.  Prior to on-site treatment, the contaminated 



earthen material is evaluated and may be sampled and analyzed for hazardous constituents 



defined under RCRA (40 CFR Part 261).  If impacted material is classified as hazardous, it will 



not be treated but will be disposed of in accordance with all applicable regulations.  If it is not 



classified as hazardous, treatment is conducted on an inactive portion of the mine that contains 



no topsoil and meets the following criteria: 



1. Treatment areas are located in an area in which ground water is at least 20 feet below the 



ground surface; 
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2. Treatment areas are relatively flat; 



3. Materials of low permeability make up the base of treatment areas.  The clay nature of 



the overburden is considered appropriate since there is typically no free petroleum 



product in impacted materials; 



4. Surface water run-on is diverted from treatment areas; and 



5. Surface run-off is confined by a berm constructed around treatment areas. 



 



Treatment will consist of land farming the material in the following manner: 



1. Impacted materials are placed in treatment areas in lifts of approximately six (6) inches; 



2. Initial weathering is for a period of at least one month; 



3. After the initial weathering period, the material is tilled and/or weathered for at least one 



additional month; 



4. After the second weathering period, the material is tested for Total Extractable 



Hydrocarbons (TEH) (by the Massachusetts Method)); 



5. Final disposition of the treated material will be made depending on test results.  The TEH 



maximum allowable is 200 ppm; and 



6. Impacted materials that are not fully weathered (TEH greater than 200 ppm) at the end of 



the second weathering period will be tilled and weathered for an additional one month 



period.  The material is again sampled for TEH.  The results of the analysis will 



determine whether additional weathering is needed. 



 



The area will be tilled as deemed necessary.  At such time as the material is degraded, it will be 



placed in the backfill or left in place and prepared for final reclamation.  The location of all 



treatment areas will be identified in the Annual Report. 



 



3.7 Containers and Maintenance Wastes 



Empty drums, barrels, and smaller containers are the major component of this waste type.  Oily 



and greasy rags and other sorbent material are also included.  All of these materials are solids 



that may contain residues of petroleum or other non RCRA listed chemical products (40 CFR 



Part 261, Subpart D).  Containers and maintenance wastes which meet the RCRA definition of 



"empty" (40 CFR Part 261, Section 261.7) are placed in the solid waste dump.  If the container is 
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not "empty" and the residues are designated as hazardous, they are disposed of in accordance 



with federal regulations. 



 



Barrels that are stored for disposal are placed in a designated storage area.  Barrels are crushed 



before being covered with backfill. 



 



3.8 Sump Waste  



Sump waste may accumulate at the bottom of the sump following washdown at the preparation 



plant and equipment washdown facility.  The largest constituent of this waste is sediment (for 



example, scoria and soil) with smaller quantities of coal fines.  Sump waste will be disposed of 



in the backfill.  Should the material become mixed with sufficient amounts of oil and grease, the 



material is treated by the same land farming methods discussed in Section 3.6 or is hauled off-



site for proper disposal. 








			1.0 Introduction


			2.0 On-Site Waste Disposal


			3.0 Waste Types


			3.1 Office and Shop Wastes


			3.2 Equipment and Supply Wastes


			3.3 Fuels, Fluids, and Lubricants


			3.4 Waste Sorbents


			3.5 Chemicals


			3.6 Impacted Earthen Materials


			3.7 Containers and Maintenance Wastes


			3.8 Sump Waste
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OTTER CREEK MINE 


17.24.310 BLASTING PLAN 


17.24.310(1) 


Exhibit 310A – Blasting Plan - explains compliance with the requirements of ARM 17.24.621 


through 17.24.626 and 17.24.1260 through 17.24.1263, and includes the following:  


(a) types and approximate amounts of explosives to be used for each type of blasting operation to 


be conducted;  


(b) description of procedures and plans generally used for:  


(i) drilling patterns, including size, number, depths, and spacing of holes;  


(ii) charge and packing of holes;  


(iii) types of fuses and detonation controls;  


(iv) sequence and timing of firing holes;  


(v) a description of procedures and plans for recording of (i) through (iv) above and 


retention of those records;  


(c) description of blasting warning and site access control equipment and procedures;  


(d) description of types, capabilities, sensitivities, and locations of use of any blast monitoring 


equipment and procedures proposed to be used;  


(e) description of plans for recording and reporting to the department the results of preblasting 


surveys, if required; 


(f) description of unavoidable hazardous conditions for which deviations from the blasting 


schedule will be needed; and  


(g) a general description of structures to be protected and a discussion of design factors to be 


used to protect the public and to meet the applicable airblast, flyrock, and ground vibration 


standards in ARM 17.24.624.  


 


17.24.310(2) 


Not applicable. 


 





		17.24.310 BLASTING PLAN

		17.24.310(1)

		17.24.310(2)
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OTTER CREEK MINE 



EXHIBIT 310A:  BLASTING PLAN 



1.0 Introduction 



The blasting plan for the Otter Creek Mine is intended to demonstrate that all blasting activity is 



in compliance with the Administrative Rules of Montana (ARM 17.24.310, ARM 17.24.621 



through 626 and ARM 17.24.1260 through 1263), administered by the Montana Department of 



Environmental Quality (MDEQ), and includes the information requested in ARM 17.24.310. 



 



2.0 Blasting Methods 



Blasting is employed to fragment overburden to prepare it for excavation and to fragment coal to 



enable loading onto trucks.  Ammonium Nitrate and Fuel Oil (ANFO) is the primary blasting 



agent.  Priming utilizes detonating cord downline and cast primers; deeper holes may be double 



primed.  Blasts are initiated using a nonelectric (Nonel) lead line, and tied together at the surface 



using either a detonating cord and delay system or Nonel trunk line delay system.  Delays of 



varying length are used to limit the amount of explosive detonated during any eight millisecond 



period.  Stemming consists of drill cuttings and varies in height depending on blast hole depth 



and powder factor.  The pattern typically is tied in and detonated using either a chevron or a 



rectangular pattern, but this may vary depending on specific circumstances. 



 



2.1 Overburden Blasting 



Overburden blasting may employ conventional or cast blasting methods.  In conventional 



overburden blasting, holes are drilled vertically, and the blast is designed solely to fragment the 



overburden, while in cast blasting, in addition to overburden fragmentation, the blast is designed 



to move material from the highwall to the adjacent empty pit by the force of the blast, thereby 



reducing the volume of material to be moved by dragline or mobile equipment. 



 



2.1.1 Conventional Blasting 



Conventional blasting is used for box cuts, shallow overburden (typically 100 feet or less), pre-



stripping and interburden (parting).  Conventional overburden blasting typically utilizes the 



following parameters: 



 Drill pattern:  40 x 35 feet; 
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 Blast hole diameter:  12 ¼ inches; 



 Blast hole depth:  Up to 80 feet; 



 Number of holes per blast:  Variable; and 



 Powder factor:  0.4 – 0.8 lbs/bcy. 



 



2.1.2 Cast Blasting 



Cast blasting is utilized in deeper overburden (over 80 feet) where pit geometry is conducive to 



moving a significant portion of the overburden volume into the adjacent empty pit using the 



force of the blast.  Blast holes are drilled at an angle generally parallel to the highwall slope of 70 



degrees (0.4h:1v).  Dragline efficiency is enhanced by reducing the volume of overburden to be 



moved, and lowering the dragline bench elevation to reduce overburden rehandle.  Typical 



parameters for cast blasting are: 



 Drill Pattern:  35 x 30 feet; 



 Blast hole Diameter:  12 ¼ inches; 



 Blast hole depth:  Over 80 feet; 



 Number of holes per blast:  Variable; and 



 Powder factor:  0.8 to 1.2 lbs/bcy. 



 



2.2 Coal Blasting 



Coal drilling and blasting may include the full seam thickness or individual benches of lesser 



thickness where necessary for quality management or where partings must be removed.  Coal is 



more friable than overburden so less force is required for fragmentation.  Typical coal blasting 



parameters are: 



 Drill Pattern:  30 x 30 feet; 



 Blast hole Diameter:  12 ¼ inches; Check to verify diameter 



 Blast hole depth:  Up to 70 feet; 



 Number of holes per blast:  Variable; and 



 Powder factor:  0.25 to 0.50 lbs/bcy. 
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3.0 General Requirements 



Use of explosives is conducted in compliance with all applicable state and federal laws.  Access 



to the blasting area is regulated at all times when loading and blasting operations are in progress 



and until the shot area is inspected and cleared after detonation.  Blasting areas are clearly 



marked by signs reading "Blasting Area" within 50 feet of any road in the permit area and within 



100 feet of any public road right-of-way.  Signs are posted at all public entrances to the active 



mine area.  They read: 



WARNING! EXPLOSIVES IN USE 



Blast Warning Signals: 



10 minute blast warning:  15 second wail  



1 minute blast warning:  15 second yelp 



All clear signal: 15 second wail. 



Roads near blasting areas are posted with “Blasting Area” signs  



 



Blasting signals are audible within a range of one-half mile from the point of the blast.  Each 



person who resides or works within one-half mile of the permit area is notified of the meaning of 



the signals.  



 



Transportation of explosives to the mine is by contracted service.  On the mine site, the 



explosives storage facility conforms to Bureau of Alcohol, Tobacco Firearms and Explosives 



regulations, MSHA regulations, and OSM regulations.   



 



The entire explosives storage facility will be designed and built to the requirements specified in 



the table of Distances for Storage of Explosives Materials (contained in 27 CFR, Part 555.218). 



 



The general layout of the Powder Magazine area and bulk ANFO storage are illustrated on 



Exhibit 308C – Mine Facilities.   



 



The designated blasting time schedule for primary blasting of overburden and coal will be from 



sunrise to sunset daily on a seven day per week basis.  The normal blasting time will be between 



10:00 a.m. and 4:00 p.m.  The occasional use of small amounts of explosives (less than 5.0 lbs) 



to safely remove plugs from crushers or to safely remove wedges from dragline bucket rigging 
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may occur at night.  When emergency conditions exist, blasting may be conducted at times other 



than those specified in the public blasting notice.  Generally, these emergency conditions will be 



unavoidable hazards such as heavy rain, lightning, tornadoes, and other hazardous atmospheric 



conditions; or when public or operator safety requires unscheduled detonation.  Company 



personnel are required to be warned orally and audibly prior to blasting.  No overburden or coal 



blasting will be conducted at night unless it is necessary to delay an afternoon blast due to an 



unavoidable hazardous condition and it cannot be delayed until the next day because of a 



potential safety hazard that cannot be mitigated.  Any blast that must be conducted at night will 



follow the procedures of ARM 17.24.624(2)(b).  An unavoidable blast occurring outside of 



normal blasting times will be reported to the department within three days with a complete 



description of the circumstances. 



 



Blasting operations will be conducted by certified personnel with loading crews limited to no 



more than necessary members.  Blasting personnel will have training in the safety, security, and 



regulatory aspects of their jobs. 



 



4.0 Pre-Blasting Survey 



At least 30 days before initiation of blasting, Otter Creek Coal, LLC (OCC) will advise all 



residents or owners of dwellings or other structures within one-half mile of the permit area how 



to request a pre-blasting survey.  Upon request of MDEQ or the owner of a structure(s) that is 



located within one-half mile of the permit area, a survey of their structure(s) will be conducted as 



defined in ARM 17.24.622.  Any survey requested at least ten days before planned initiation of 



blasting will be completed before blasting begins.  A written report of the survey will be 



prepared and signed by the person conducting the survey.  A copy of the pre-blasting survey 



report will be submitted to the person requesting the survey and MDEQ.  Existing structures and 



facilities in and within one-half mile of the permit area are shown on Map 5 – Surface Features. 



 



5.0 Blasting Schedule 



Public notice of a blasting program containing the information in ARM 17.24.623(5) is 



published once and mailed to each residence within one-half mile of the permit area, local 



governments and public utilities at least 10 days, but not more than 20 days, prior to initiation of 



a blasting program.  Distribution and advertising of this notice are as follows: 
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 Advertisement in the Powder River Examiner, Broadus, Montana; 



 Mailed notice to the Powder River County Commissioners; 



 Mailed notice to Tongue River Power Cooperative; and 



 Mailed notice to residences or owners of a man-made dwelling or structure within one-



half mile of the blasting sites described in the schedule. 



 



The public notice of the blasting schedule is updated and republished and redistributed at least 



every 12 months, or sooner in the event of revision of blasting areas or times. 



 



6.0 Surface Blasting Procedure 



All blasting will be conducted between sunrise and sunset at times specified in the blasting 



schedule, except for emergency situations as previously discussed in Section 3.0, or as otherwise 



required by the MDEQ based on public requests or other relevant information.  The blast 



warning and all clear signals in use at the Otter Creek Mine, as discussed in Section 3.0 are a part 



of the standard procedures taught to all mine personnel. 



 



Access to an area possibly subject to flyrock is regulated to protect mine personnel, the public 



and livestock.  This is accomplished by posting guards at entrances to the active blasting area 



and at prominent observation points when blasting.  Guards remain in position until qualified 



blasting personnel determine that there are no undetonated explosives or other hazards and the 



all-clear signal is given.  In addition, livestock and unauthorized personnel are fenced out of the 



active mining area.  Areas with charged holes are marked with Danger signs. 



 



Air blast is controlled by maintaining adequate stemming in holes and by use of noiseless lead-in 



line, when practical.  Due to the remote location of the mine, distances to inhabited structures 



and normally favorable atmospheric conditions, airblast is not expected to be a problem at the 



Otter Creek Mine.  Monitoring of air blast may be conducted if the presence of nearby structures 



indicates need or as required by MDEQ. 



 



Unless otherwise approved by the MDEQ, blasting will not be conducted within 1000 feet of any 



dwelling or public, commercial, community, or institutional building.  There are no public, 



commercial, community or institutional buildings in the vicinity of the mine site.  There are no 
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disposal wells, petroleum or gas storage facilities, fluid transmission pipelines, gas or oil 



collection lines, water lines, sewage lines or active underground mines in the vicinity of Otter 



Creek Mine.  Blasting would not be conducted within 500 feet of these structures. 



 



Blasting will be conducted in a manner to prevent injury to persons and damage to property 



outside the permit area by controlling access to the mine site and blasting areas, and if necessary, 



limiting blast size and/or a blast design including measures to prevent offsite damage due to fly 



rock, air blast or vibration.  Blasting will be conducted to prevent change in the course, channel, 



or availability of ground or surface waters outside the permit area.  



 



Peak particle velocities will not exceed the values given in the ARM 17.24.624(11) at any 



inhabited structure not owned by OCC, and any leased structure for which a waiver has not been 



obtained.  The maximum weight of explosives per eight-millisecond delay is determined by the 



scale distance factors and this equation. 



  



W = (D/SF)² 



      where: W =  Maximum weight of explosives in pounds per eight milliseconds of delay 



D = Distance in feet to the nearest structure (not owned or leased by the permittee) 



SF = Scale factor (55 for inhabited structures within 301 to 5000 ft. from the 



blast; 65 for inhabited structures 5001 feet and beyond from the blast) 



 



7.0 Seismograph Measurements 



Seismograph surveys of each blast are not indicated at Otter Creek Mine since there is limited 



exposure to inhabited structures and other engineered structures and the standard formula for 



determining the maximum weight of explosives detonated within 8 millisecond period will be 



used.  However, seismograph surveys will be conducted as necessary to support any proposed 



modified equation used to determine the weight of explosives per delay, if necessary to protect 



dwellings or other structures, or as required by the MDEQ. 



 



8.0 Records of Blasting Operations 



Records of each blast will be retained for a period of at least three years and will be available for 



inspection.  All information specified by ARM 17.24.626(1) will be included on the blast report. 
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9.0 Certification of Blasters 



Blasting operations are conducted under the direction of an individual who has been certified by 



the MDEQ pursuant to ARM 17.4.1261, subject to the requirements of ARM 17.24.1262-1263, 



and who is familiar with the blasting plan and site-specific performance standards at Otter Creek 



Mine.  Responsibility for blasting operations may not be delegated to an individual who is not a 



certified blaster, and a certified blaster and at least one other person must be present during the 



detonation of each blast.  Persons who are not certified blasters must receive on-the-job training 



from a certified blaster before assisting in the storage, transportation and use of explosives. 
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OTTER CREEK MINE 



EXHIBIT 310A CROSS REFERENCE:  BLASTING PLAN  



17.24.310 BLASTING PLAN 



ARM 17.24.310 Subsection: Location of Required Information: 



(1) Each application must contain a blasting plan 



for the proposed permit area.  The plan must 



explain how the applicant intends to comply with 



the requirements of ARM 17.24.621 through 



17.24.626 and 17.24.1260 through 17.24.1263, and 



must include the following: 



Section 1.0 



(a) types and approximate amounts of explosives to 



be used for each type of blasting operation to be 



conducted; 



Section 2.0 



(b) description of procedures and plans generally 



used for: 



Sections 2.1 and 2.2 



(i) drilling patterns, including size, number, depths, 



and spacing of holes; 



Sections 2.1 and 2.2 



(ii) charge and packing of holes; Sections 2.1 and 2.2 



(iii) types of fuses and detonation controls; Sections 2.1 and 2.2 



(iv) sequence and timing of firing holes; Sections 2.1 and 2.2 



(v) a description of procedures and plans for 



recording of (i) through (iv) above and retention of 



those records; 



Section 8.0 



(c) description of blasting warning and site access 



control equipment and procedures; 



Section 3.0 



(d) description of types, capabilities, sensitivities, 



and locations of use of any blast monitoring 



equipment and procedures proposed to be used; 



Section 7.0 



(e) description of plans for recording and reporting 



to the department the results of preblasting surveys, 



if required; 



Section 4.0 



(f) description of unavoidable hazardous conditions 



for which deviations from the blasting schedule 



will be needed; and 



Section 3.0 



(g) a general description of structures to be 



protected and a discussion of design factors to be 



used to protect the public and to meet the 



applicable airblast, flyrock, and ground vibration 



standards in ARM 17.24.624. 



Section 6.0 



(2) For underground mines the department may, on 



a case-by-case basis, waive any of the requirements 



in (1) of this rule that do not apply to underground 



blasting operations. 



Not applicable 
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17.24.621 GENERAL REQUIREMENTS FOR USE OF EXPLOSIVES 



ARM 17.24.621 Subsection: Location of Required Information: 



(1) Each operator shall comply with all applicable 



state and federal laws in the use of explosives. 



Section 3.0 



(2) Blasts that use more than 5 pounds of explosive 



or blasting agent must be conducted according to 



the schedule required by ARM 17.24.623. 



Section 5.0 



(3) All blasting operations must be conducted by 



experienced, trained, and competent persons who 



understand the hazards involved. Each person 



responsible for blasting operations must possess a 



valid certification. 



Section 9.0 



17.24.622 PREBLASTING SURVEY 



ARM 17.24.622 Subsection: Location of Required Information: 



(1)(a) At least 30 days before initiation of blasting, 



the operator shall advise, in writing, all residents or 



owners of dwellings or other structures within 1/2 



mile of the permit area how to request a preblasting 



survey. 



Section 4.0 



(b) Any survey requested more than 10 days before 



the planned initiation of blasting must be 



completed by the operator before the initiation of 



blasting. 



Section 4.0 



(c) On the request to the department by a resident 



or owner of a dwelling or structure that is located 



within 1/2 mile of any part of the permit area, the 



operator must promptly conduct a preblasting 



survey of the dwelling or structure and promptly 



submit a report of the survey to the department and 



to the person requesting the survey. If a structure is 



renovated or added to subsequent to a preblasting 



survey, then upon request to the department a 



survey of such additions and renovations must be 



performed in accordance with this section. 



Section 4.0 



(2) The survey must determine the condition of the 



dwelling or structure and document any preblasting 



damage and other physical factors that could 



reasonably be affected by the blasting.  



Assessments of structures such as pipes, cables, 



transmission lines, and wells and other water 



systems must be limited to surface condition and 



readily available data.  Special attention must be 



given to the preblasting condition of wells and 



other water systems used for human, animal, or 



agricultural purposes and to the quantity and 



quality of the water. 



No Response Required 



(3) A written report of the survey must be prepared 



and signed by the person who conducted the 



survey.  The report may include recommendations 



of any special conditions or proposed adjustments 



Section 4.0 
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ARM 17.24.622 Subsection: Location of Required Information: 



to the blasting procedure that should be 



incorporated into the blasting plan to prevent 



damage.  Copies of the report must be provided to 



the person requesting the survey and to the 



department.  If the person requesting the survey 



disagrees with the results of the survey, he or she 



may notify, in writing, both the permittee and the 



department of the specific areas of disagreement. 



17.24.623 BLASTING SCHEDULE 



ARM 17.24.623 Subsection: Location of Required Information: 



(1) The operator shall publish a blasting schedule at 



least 10 days, but not more than 20 days, before 



beginning a blasting program in which blasts that 



use more than five pounds of explosive or blasting 



agent are detonated.  The blasting schedule must be 



published once in a newspaper of general 



circulation in the locality of the blasting site. 



Section 5.0 



(2) Copies of the schedule must be distributed by 



mail to local governments and public utilities and 



by mail or delivered to each residence within 1/2 



mile of the permit area described in the schedule. 



For the purposes of this section, the permit area 



does not include haul or access roads, coal 



preparation and loading facilities, and 



transportation facilities between coal excavation 



areas and coal preparation or loading facilities, if 



blasting is not conducted in these areas.  Copies 



sent to residences must be accompanied by 



information advising the owner or resident how to 



request a preblasting survey. 



Section 5.0 



(3) The operator shall republish and redistribute the 



schedule by mail at least every 12 months. 



Section 5.0 



(4) A blasting schedule must not be so general as to 



cover the entire permit area or all working hours, 



but it must identify as accurately as possible the 



location of the blasting sites and the time periods 



when blasting will occur. 



 



(5) The blasting schedule must contain at a 



minimum:  



(a) name, address and telephone number of the 



operator;  



(a) name, address and telephone number of the 



operator;  



(b) identification of the township, range and section 



for specific areas in which blasting will take place;  



(c) days and time periods when explosives are to be 



detonated;  



(d) methods to be used to control access to the 



blasting area;  



Section 5.0 
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ARM 17.24.623 Subsection: Location of Required Information: 



(e) types of audible warnings and all-clear signals 



to be used before and after blasting; and 



(f) a description of unavoidable hazardous 



situations referred to in ARM 17.24.310(1)(f) that 



have been approved by the department for blasting 



at times other than those described in the schedule. 



(6) Before blasting in areas or at times not in a 



previous schedule, the operator shall prepare a 



revised blasting schedule according to the 



procedures of (1).  Whenever a schedule has 



previously been provided to the owner or residents 



under (1) with information on requesting a 



preblasting survey, the notice of change need not 



include information regarding preblast surveys. 



Section 5.0 



(7) If there is a substantial pattern of non-adherence 



to the published blasting schedule as evidenced by 



the absence of blasting during scheduled periods, 



the department may require the operator to prepare 



a revised blasting schedule according to the 



procedures in (6). 



No Response Required 



17.24.624 SURFACE BLASTING REQUIREMENTS 



ARM 17.24.624 Subsection: Location of Required Information: 



(1) The department may limit the area covered, 



timing, and sequence of blasting, if such limitations 



are necessary and reasonable in order to protect the 



public health and safety or welfare. 



No Response Required 



(2) All blasting must be conducted between sunrise 



and sunset except that: 



Section 6.0 



(a) The department may specify more restrictive 



time periods, based on public requests or other 



relevant information, according to the need to 



adequately protect the public from adverse noise or 



seismic disturbances. 



Section 6.0 



(b) Blasting may, however, be conducted between 



sunset and sunrise if:  



(i) a blast that has been prepared during the 



afternoon must be delayed due to the occurrence of 



an unavoidable hazardous condition and cannot be 



delayed until the next day because a potential 



safety hazard could result that cannot be adequately 



mitigated;  



(ii) in addition to the required warning signals, oral 



notices are provided to persons within 1/2 mile of 



the blasting site; and 



(iii) a complete written report of blasting at night is 



filed by the operator with the department not later 



than three days after the night blasting.  The report 



must include a description in detail of the reasons 



for the delay in blasting including why the blast 



Section 3.0 
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ARM 17.24.624 Subsection: Location of Required Information: 



could not be held over to the next day, when the 



blast was actually conducted, the warning notices 



given, and a copy of the blast record required by 



ARM 17.24.626. 



(3) Blasting must be conducted at times announced 



in the blasting schedule, except in those 



unavoidable hazardous situations, previously 



approved by the department in the permit 



application, whenever operator or public safety 



require unscheduled detonation.  Any deviation 



from the times announced must be reported to the 



department not later than three days after the 



unavoidable blast.  A complete description of the 



unavoidable hazardous situation must accompany 



the report. 



Section 3.0 



(4) Warning and all-clear signals of different 



character that are audible within a range of 1/2 mile 



from the point of the blast must be given.  Each 



person within the permit area and each person who 



resides or regularly works within 1/2 mile of the 



permit area must be notified of the meaning of the 



signals through appropriate instructions.  These 



instructions must be periodically delivered or 



otherwise communicated in a manner that can be 



reasonably expected to inform such persons of the 



meaning of the signals.  The operator shall 



maintain signs in accordance with ARM 17.24.524. 



Section 3.0 



(5) Access to an area possibly subject to flyrock 



from blasting must be regulated to protect the 



public and livestock.  Blasting must not eject 



flyrock onto property outside the permit area. 



Access to the area must be controlled to prevent the 



presence of livestock or unauthorized personnel 



during blasting and until an authorized 



representative of the operator has reasonably 



determined: (a) that no unusual circumstances, such 



as imminent slides or undetonated charges, exist; 



and(b) that access to and travel in or through the 



area can be safely resumed. 



Section 6.0 



(6)(a) Airblast must be controlled so that it does not 



exceed the values specified below at any dwelling, 



or public, commercial, community or institutional 



building, unless the structure is owned by the 



operator and is not leased to any other person.  If a 



building owned by the operator is leased to another 



person, the lessee may sign a waiver relieving the 



operator from meeting the airblast limitations of 



this section.  



 



Lower Frequency limit of measuring Maximum 



level in  



Section 6.0 











Exhibit 310A_Otter Creek Mine_Cross Reference.docx  7/20/2012\\3:09 PM 



6 of 10 



ARM 17.24.624 Subsection: Location of Required Information: 



system, Hertz (Hz) (+3dB) decibels (dB)  



0.1 Hz or lower - flat response…….134 peak 



2 Hz or lower - flat response………133 peak 



6 Hz or lower - flat response………129 peak 



C-weighted, slow response………...105 peak dBC 



If necessary to prevent damage, the department 



shall specify lower maximum allowable airblast 



levels than those above. 



(b) In all cases, except the C-weighted, slow-



response system, the measuring systems used must 



have a flat frequency response of at least 200 Hz at 



the upper end.  The C-weighted system must be 



measured with a Type 1 sound level meter that 



meets the standard American national standards 



institute (ANSI) S1.4-1971 specifications.  The 



ANSI S1.4-1971 is hereby incorporated by 



reference as it exists on April 1, 1980.  Copies of 



this publication are on file with the Department of 



Environmental Quality, P.O. Box 200901, Helena, 



MT 59620-0901. 



No Response Required 



(c) The operator may satisfy the provisions of this 



section by meeting any of the four specifications in 



the chart in (a). 



No Response Required 



(d) The operator shall conduct periodic monitoring 



to ensure compliance with the airblast standards. 



The department may require an airblast 



measurement of any or all blasts, and may specify 



the location of such measurements, except as noted 



in (a). 



Section 6.0 



(7) Except where lesser distances are approved by 



the department, based upon a preblasting survey, 



seismic investigation, or other appropriate 



investigation, blasting must not be conducted 



within:  



(a) 1,000 feet of any dwelling, or public, 



commercial, community or institutional building; 



(b) 500 feet of facilities including, but not limited 



to, disposal wells, petroleum or gas storage 



facilities, municipal water storage facilities, fluid 



transmission pipelines, gas or oil collection lines, 



or water and sewage lines or any active or 



abandoned underground mine. 



Section 6.0 



(8) If otherwise approved, a blast design, including 



measures to protect the above facilities, must be 



submitted which contains the information required 



in ARM 17.24.310 and signed by a certified 



blaster. 



No Response Required 



(9) Flyrock, including blasted material traveling 



along the ground, must not be cast from the 



blasting vicinity more than half the distance to the 



nearest dwelling or other occupied structure and in 



Section 6.0 
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ARM 17.24.624 Subsection: Location of Required Information: 



no case beyond the line of property owned or 



leased by the permittee, or beyond the area of 



regulated access required under (5). 



(10) Blasting must be conducted to prevent injury 



to persons, damage to public or private property 



outside the permit area, adverse impacts on any 



underground mine, and change in the course, 



channel, or availability of ground or surface waters 



outside the permit area. 



Section 6.0 



(11) In all blasting operations, except as otherwise 



authorized in this section, the maximum peak 



particle velocity must not exceed the following 



limits at the location of any dwelling, or public, 



commercial, community or institutional building: 



_________________________________________ 



Maximum allowable peak Scaled-distance particle 



velocity factor to be Distance (D) from (V max) for 



ground applied without the blasting site, vibration, 



in seismic monitoring in feet inches/second (Ds)  



0 to 300 1.25 50  



301 to 5,000 1.00 55  



5,001 and beyond 0.75 65  



_________________________________ (a) Peak 



particle velocities must be recorded in three 



mutually perpendicular directions.  The maximum 



peak particle velocity is the largest of any of the 



three measurements. (b) The department shall 



reduce the maximum peak velocity allowed, if it 



determines that a lower standard is required 



because of density of population or land use, age or 



type of structure, geology or hydrology of the area, 



frequency of blasts, or other 



factors._____________ 



Section 6.0 



(12) If blasting is conducted in such a manner as to 



avoid adverse impacts on any underground mine 



and changes in the course, channel, or availability 



of ground or surface water outside the permit area, 



then the maximum peak particle velocity limitation 



of (11) does not apply at the following locations:  



(a) at structures owned by the operator and not 



leased to another party; and 



(b) at structures owned by the operator and leased 



to another party, if a written waiver by the lessee is 



submitted to the department prior to blasting. 



No Response Required 



(13) An equation for determining the maximum 



weight of explosives that can be detonated within 



any eight-millisecond period is in (14).  If the 



blasting is conducted in accordance with this 



equation, the peak particle velocity is deemed to be 



within the limits specified in (11). 



Section 6.0 
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ARM 17.24.624 Subsection: Location of Required Information: 



(14) The maximum weight of explosives to be 



detonated within any eight-millisecond period may 



be determined by the formula W = (D/Ds)
2 



where 



W = the maximum weight of explosives, in pounds, 



that can be detonated in any eight-millisecond 



period; D = the distance, in feet, from the blast hole 



nearest to a dwelling, or public, commercial, 



community or institutional building, except as 



noted in (12); and Ds = the scaled distance factor, 



using the values identified in (11). 



Section 6.0 



17.24.625 SEISMOGRAPH MEASUREMENTS 



ARM 17.24.625 Subsection: Location of Required Information: 



(1) Whenever a seismograph is used to monitor the 



velocity of ground motion and the peak particle 



velocity limits of ARM 17.24.624(11) are not 



exceeded, the equation in ARM 17.24.624(14) need 



not be used.  If that equation is not used by the 



operator, a seismograph record must be obtained 



for each shot. 



Section 7.0 



(2) The use of a modified equation to determine 



maximum weight of explosives per delay for 



blasting operations at a particular site may be 



approved by the department, on receipt of a petition 



accompanied by reports including seismograph 



records of test blasting on the site.  The department 



may not approve the use of a modified equation if 



the peak particle velocity for the limits specified in 



ARM 17.24.624(11) are exceeded, meeting a 95% 



statistical confidence level. 



No Response Required 



(3) The operator may use the ground vibration 



limits described in the blasting-level chart 



referenced in 30 CFR 816.67(d)(4) as an alternative 



to (1) and (2), upon approval by the department. 



No Response Required 



(4) The department may require a seismograph 



record of any or all blasts and may specify the 



location at which the measurements are to be taken. 



Section 7.0 



17.24.626 RECORDS OF BLASTING OPERATIONS 



ARM 17.24.626 Subsection: Location of Required Information: 



(1) A record of each blast, including seismograph 



records, must be retained for at least three years 



and must be available for inspection by the 



department and the public on request.  Blasting 



records must be complete and accurate at the time 



of inspection.  The record must contain the 



following data:  



(a) name of the operator conducting the blast;  



(b) location, date, and time of the blast;  



Section 8.0 
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ARM 17.24.626 Subsection: Location of Required Information: 



(c) name, signature, and license number of blaster-



in-charge;  



(d) direction and distance, in feet, from the blast 



hole nearest to a dwelling, or commercial, public, 



community, or institutional building either:  



 (i) not located in the permit area; or  



 (ii) not owned nor leased by the person who 



conducts the mining activities.  



(e) weather conditions, including temperature, wind 



direction, and approximate velocity;  



(f) type of material blasted;  



(g) number of holes, burden, and spacing;  



(h) diameter and depth of holes;  



(i) types of explosives used;  



(j) total weight of explosives used and total weight 



of explosives used in each hole;  



(k) maximum weight of explosives detonated 



within any eight-millisecond period;  



(l) maximum number of holes detonated within any 



eight-millisecond period;  



(m) initiation system;  



(n) type and length of stemming;  



(o) mats or other protections used;  



(p) type of delay detonator and delay periods used;  



(q) sketch of the delay pattern;  



(r) number of persons in the blasting crew;  



(s) seismographic and airblast records, where 



required, including:  



 (i) the calibration signal of the gain setting or 



certification of annual calibration;  



 (ii) seismographic reading, including exact 



location of seismograph and its distance from 



the blast, airblast reading, dates and times of 



readings;  



 (iii) name of the person taking the seismograph 



reading; and  



 (iv) name of the person and firm analyzing the 



seismographic record; and  



(t) reasons and conditions for each blast occurring 



outside the time frames published in the blasting 



schedule. 



17.24.1260 REQUIREMENTS FOR THE CONDUCT OF BLASTING OPERATIONS 



ARM 17.24.1260 Subsection: Location of Required Information: 



(1) Each operator shall conduct each blasting 



operation under direction of an individual who has 



been certified by the department pursuant to ARM 



17.24.1261 and who is familiar with the operation's 



blasting plan and site-specific blasting performance 



standards.  The certified blaster's responsibilities 



include, but are not limited to, determining blasting 



Section 9.0 
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ARM 17.24.1260 Subsection: Location of Required Information: 



pattern, hole pattern, type and quantity of 



explosives, maintenance of blasting records, and 



safety of employees involved in the storage, 



transportation, and use of explosives. 



(2) A certified blaster may not delegate the 



direction of blasting operations to any individual 



who is not a certified blaster. 



Section 9.0 



(3) A certified blaster and at least one other person 



must be present during the detonation of each blast. 



Section 9.0 



(4) A certified blaster shall immediately exhibit on-



site or at the mine office his certificate to any 



authorized representative of the department or the 



Federal Coal Regulatory Authority upon request. 



No Response Required 



(5) An operator shall require that persons who are 



not certified blasters receive direction and on-the-



job training from a certified blaster before those 



persons assist in the storage, transportation, and use 



of explosives. 



Section 9.0 
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OTTER CREEK MINE 


17.24.311 AIR POLLUTION CONTROL PLAN 


17.24.311(1) 


Exhibit 311A – Air Pollution Control Plan includes the following to the extent required by air 


quality permitting under the Montana Clean Air Act: 


(a) an air quality monitoring program to provide sufficient data to evaluate the effectiveness of 


the fugitive dust control practices proposed under (b) to comply with federal and state air quality 


standards; and  


(b) a plan for fugitive dust control practices as required by ARM 17.24.761.  


 


See also Section 17.24.303(1)(t) and Exhibit 303J – Other Licenses and Permits. 


 


17.24.311(2) 


Not applicable. 





		17.24.311 AIR POLLUTION CONTROL PLAN

		17.24.311(1)

		17.24.311(2)
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OTTER CREEK MINE 



EXHIBIT 311A:  AIR POLLUTION CONTROL PLAN 



1.0 Introduction 



This exhibit describes the air pollution control plan required by ARM 17.24.311, and addresses 



the performance standards of ARM 17.24.761. 



 



2.0 Fugitive Dust Control 



Fugitive dust may consist of soil particles mobilized by wind from exposed soil surfaces, soil and 



spoil handling, and traffic on unpaved access and haul roads.  It may also consist of coal particles 



arising from coal loading in the pit, dumping, crushing, conveyance and train loading.  Major 



components of the fugitive dust control plan are: 



 Minimizing to the extent possible exposed soil areas; 



 Prompt revegetation of reclaimed areas; 



 Establishing temporary vegetation on inactive soil and spoil stockpiles that will be in 



place for one year or more; 



 Use of chemical dust control products to stabilize access and haul road surfaces; 



 Application of water to access roads and active haul roads during dry periods; 



 Enclosure of crushers and transfer points; 



 Covering of conveyor belts; and 



 Use of fogging systems at coal dumping, transfer and train loading points. 



 



3.0 Air Quality Permit 



The Otter Creek Mine will require an air quality permit under the Montana Clean Air Act.  The 



permit will specify in detail dust control and monitoring requirements.   



 



4.0 Monitoring 



Monitoring of air quality will be conducted to the extent required under the terms of the air 



quality permit. 
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5.0 Coal Fires 



Coal fires will be extinguished as promptly as it is safe to do so using water, excavation or burial, 



depending on the situation. 



 



6.0 ARM 17.24.761 Air Resources Protection 



(1) Otter Creek Coal, LLC will employ fugitive dust control measures as an integral part of site 



preparation, coal mining and reclamation operations in accordance with 82-4-231(10)(m), MCA, 



its air quality permit, and applicable federal and state air quality standards.  



(2) Air monitoring will be conducted in accordance with the air monitoring plan to the extent 



required as a condition of the air quality permit issued under the Montana Clean Air Act. 
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OTTER CREEK MINE 


17.24.312 FISH AND WILDLIFE PLAN 


17.24.312(1) 


Exhibit 312A – Fish and Wildlife Plan consistent with ARM 17.24.751 provides:  


(a) A description of how the plan will minimize disturbances and adverse impacts on fish, 


wildlife, and related environmental values during mining and reclamation operations, how 


enhancement of these resources will be achieved, where practicable, and how the plan will 


comply with the Endangered Species Act of 1973, as amended.  The plan applies to species and 


habitats identified in Baseline Report 304K – Fish and Wildlife Resources of the Otter Creek 


Mine Area 2010-2011 and covers the permit area and portions of adjacent areas. 


(b) A description of the wildlife habitat enhancement features that will be integrated with other 


land uses, pursuant to 82-4-232(9), MCA, and ARM 17.24.313. 


(c) It is anticipated that it will be practicable, in accordance with (1), to achieve a condition that 


clearly shows a trend toward enhancement of fish and wildlife resources at the time revegetation 


has been successfully completed.  


(d) Exhibit 312A – Fish and Wildlife Plan explains utilization of impact control measures, 


management techniques, and annual monitoring methods to protect or enhance the following, if 


they are to be affected by the proposed activities:  


(i) threatened or endangered species of plants or animals listed by the U.S. secretary of 


interior under the Endangered Species Act of 1973, as amended (16 USC 1531, et seq.) and 


their critical habitats;  


(ii) species such as eagles, migratory birds, other animals protected by state or federal law, 


and their habitats, and any other species identified through the consultation process pursuant 


to ARM 17.24.304(1)(j); and  


(iii) habitats of unusually high value for fish and wildlife, such as wetlands, riparian areas, 


cliffs supporting raptors, areas offering special shelter or protection, reproduction and 


nursery areas, and wintering areas.  


17.24.312(2) 


No response required. 
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OTTER CREEK MINE 



EXHIBIT 312A:  FISH AND WILDLIFE PLAN 



1.0 Introduction 



This fish and wildlife plan has been prepared in accordance with ARM 17.24.312 and describes 



how disturbances and potential adverse impacts to fish and wildlife resources caused by the Otter 



Creek Mine will be minimized, and how fish and wildlife resources in the permit area will be 



enhanced, where practicable, during operation and reclamation of the Otter Creek Mine.  This 



plan addresses the fish and wildlife species and habitats that were identified during the baseline 



survey per ARM 17.24.304(1)(j)(i) and (iii).  Wildlife species and habitats within the Study Area 



are described in Baseline Report 304K – Fish and Wildlife Resources of the Otter Creek Mine 



Area 2010-2011.  This plan was also prepared in accordance with ARM 17.24.751, i.e., 



protection and enhancement of fish, wildlife and related environmental values including 



compliance with the Endangered Species Act of 1973, as amended.   



 



2.0 Protection of Fish and Wildlife Resources 



Protection of fish and wildlife resources in the permit area is primarily a function of three 



parameters:  1) minimizing impacts to wildlife from mine operations; 2) reclaiming wildlife 



habitat, including installing wildlife habitat enhancement features (WHEF); and 3) monitoring 



wildlife use of the reclaimed area and surrounding habitat to ensure that reclamation provides 



effective habitat and that federally-protected species are not taken.   



 



2.1 Wildlife Habitat Reclamation 



Reclamation within the permit area is designed to meet the post-mining land use, comply with 



revegetation standards described in ARM 17.24.711, and provide for the habitat needs of various 



wildlife in the permit area per ARM 17.24.751 (2)(e).  Reclamation specifics including seed 



mixes and WHEF are described in Exhibit 313G – Revegetation Plan.  Wildlife and wildlife 



habitat in the permit area were identified during baseline surveys and are described in Baseline 



Report 304K – Fish and Wildlife Resources of the Otter Creek Mine Area 2010-2011.  The 



wildlife species of primary interest are several species of raptors (golden eagle, bald eagle, red-



tailed hawk, American kestrel, prairie falcon and burrowing owl), upland game birds (sharp-



tailed grouse and ring-necked pheasant), migratory birds including the great blue heron and 
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sandhill crane, big game (particularly mule deer and pronghorn, but also white-tailed deer and 



elk), black-tailed prairie dog, bats, amphibians and reptiles.  The primary habitats that support 



those species within the permit area include: native grassland, shrubland/grassland, breaks, 



coniferous forest (ponderosa pine and Rocky Mountain juniper), ponds and small wetlands, and 



drainage bottoms dominated by herbaceous, mesic shrub or deciduous tree communities.  Of 



these habitats, native grassland, shrubland/grassland, breaks, and coniferous forest are the 



primary types within the affected area.  Drainage bottoms, particularly shrub and deciduous tree 



communities, are of minimal extent in the area affected. 



 



Reclaiming mined areas to a post-mine grazing land and pastureland uses will provide habitat for 



many of the wildlife species and species groups described above in a manner that is consistent 



with pre-mine habitats.  Grazing land will be diverse, effective and permanent, and will be 



compatible with animal species in the mine area pursuant to ARM 17.24.711.  Consequently they 



will provide foraging habitat for mule deer, pronghorn and elk, as well as habitat for small 



mammals, amphibians and reptiles that will contribute to wildlife diversity in reclaimed areas 



and serve as a prey base for raptors and other predators.  Reclaimed grassland habitat will also 



provide suitable habitat for black-tailed prairie dogs and associated burrowing owls, and sharp-



tailed grouse. 



 



In addition to wildlife habitat that will be provided by the primary post-mine land uses, Otter 



Creek Coal, LLC (OCC) will integrate several WHEF into reclamation of the mining area.  



These WHEF are designed to reestablish habitat components of high value to wildlife, as 



described in ARM 17.24.312 (1)(d)(iii), that are present in the pre-mine landscape and include 



shrub and tree stands, water sources, rock outcrops, steep slopes, and badlands and breaks.  



These WHEF will create specialized habitat components that contribute to habitat diversity in the 



permit area and provide for specific wildlife use such as forage diversity, thermal protection, 



concealment, water sources and nesting as required in 17.24.751(2)(e).  The WHEF that will be 



integrated into reclaimed areas are described in Appendix 313G of Exhibit 313G – Revegetation 



Plan.  
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2.2 Minimizing Impacts to Wildlife from Operation 



Mining operations can temporarily impact wildlife within and adjacent to the mine area.  OCC 



will minimize these impacts through the following actions: 



 In accordance with ARM 17.24.751(1), no surface mining activity will occur that is likely 



to jeopardize the continued existence of endangered or threatened species listed by the 



U.S. Fish and Wildlife Service (USFWS) or that is likely to result in the destruction or 



adverse modification of designated critical habitats of those species in violation of the 



Endangered Species Act of 1973, as amended.  As discussed in Baseline Report 304K – 



Fish and Wildlife Resources of the Otter Creek Mine Area 2010-2011, the USFWS has 



identified three listed, proposed, or candidate species for Powder River County:  black-



footed ferret (listed endangered), greater sage-grouse (candidate) and Sprague’s pipit 



(candidate).  Habitat for black-footed ferrets is considered to be prairie dog colonies; 



although there are black-tailed prairie dog colonies in and near the permit area, ferrets are 



no longer known to occur in Powder River County, and as discussed in Baseline Report 



304K – Fish and Wildlife Resources of the Otter Creek Mine Area 2010-2011, the 



USFWS did not require ferret surveys of the Study Area during the baseline study.  There 



are no known greater sage-grouse leks (display sites) in or near the permit area.  There 



was only one sighting of greater sage-grouse during the baseline study, during mid-



summer.  Sprague’s pipits prefer large blocks of native, intermediate-height grasses, very 



little bare ground, few shrubs and no trees.  Suitable habitat is limited in the permit area, 



and no pipits were observed during the baseline study.  In accordance with ARM 



17.24.751(1), OCC will immediately report the presence in the permit area of any state or 



federally listed endangered or threatened species of which OCC becomes aware to the 



Montana Department of Environmental Quality (MDEQ) and the USFWS. 



 In accordance with ARM 17.24.751(2)(a), electric transmission powerlines or other 



transmission facilities used for or incidental to activities in the permit area will be 



designed and constructed to follow “Suggested Practices for Raptor Protection on Power 



Lines:  The State of the Art in 1996 (Avian Power Line Interaction Committee, 1996) or 



alternative guidance manuals approved by MDEQ. 



 In accordance with ARM 17.24.751(2)(b), haul and access roads are located and will be 



operated to avoid or minimize impacts to important fish and wildlife species or other 
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species protected by state or federal law.  Speed limits established and posted for safety 



purposes will also reduce the potential for collisions with wildlife. 



 In accordance with ARM 17.24.751(2)(c), the Otter Creek Mine will design and construct 



fences, overland conveyers, and other  structures to permit passage of large mammals, 



unless MDEQ determines that such measures are unnecessary.  



 Installing wildlife friendly fencing reduces barriers to deer, elk and pronghorn movement 



through the permit area, and reduces injury or fatality potential due to fence 



entanglement.  Wire fencing is the most appropriate type for the post-mine land use.  



Wire spacing shall be based on published recommendations.  All fencing will be wildlife 



friendly, except fences that are designed to prevent wildlife, livestock or human access to 



an area.   



 It is not anticipated that ponds created as part of the Surface Water Management Plan or 



as WHEF will contain hazardous concentrations of toxic-forming materials.  As 



described in Exhibit 314B – Hydrologic Monitoring, water quality monitoring will be 



conducted in compliance with applicable permits.  If hazardous concentrations of toxic-



forming materials are present in any pond(s), wildlife will be excluded from the pond(s) 



by fencing or other appropriate methods in accordance with ARM 17.24.751(2)(d). 



 In accordance with ARM 17.24.751(2)(e), OCC will consult with appropriate state and 



federal fish, wildlife, and land management agencies to ensure that reclamation will 



provide for the habitat needs of the primary wildlife species within the permit area in 



accordance with the approved post-mining land use.  Special attention will be given to 



important wildlife features, such as the WHEF described in Section 2.1 above, to 



inanimate elements, and to plants with proven nutritional and cover value for wildlife.   



 In accordance with ARM 17.24.751(2)(f), OCC will restore, mitigate or avoid 



disturbance to wetlands and riparian vegetation along streams and bordering ponds.  The 



proposed disturbance boundary avoids most riparian vegetation adjacent to Otter Creek 



and its tributaries.  The design of Otter Creek Mine minimizes and mitigates disturbance 



of stream channels and impacts to aquatic communities, as specified in ARM 



17.24.751(2)(g).  











Exhibit 312A_Otter Creek Mine_Wildlife Plan.docx 5 7/23/2012\\2:53 PM 



 In accordance with the Bald and Golden Eagle Protection Act, no surface mining activity 



will occur in a manner that would result in the unlawful taking of a bald or golden eagle, 



its nest, or any of its eggs.  As described in Baseline Report 304K – Fish and Wildlife 



Resources of the Otter Creek Mine Area 2010-2011, bald eagles were migrants/winter 



residents in the Study Area, but do not nest there.  Golden eagles were only observed 



twice during the baseline study.  Two golden eagle nests that have been inactive for 



several years are located outside the mining area.  It is not anticipated that mining 



operations will result in the removal of either inactive nest.  Should removal become 



necessary in the future, OCC will consult with the USFWS to obtain a nest removal 



permit, if necessary.  Important habitat for bald and golden eagles, such as winter 



concentration or communal roost sites, was not identified within the Study Area during 



the baseline survey.  Rather, eagle use of the Study Area appeared to be occasional and 



incidental.  Therefore it is considered unlikely that mining operations will negatively 



impact either species.  In accordance with ARM 17.24.751(1), OCC will immediately 



report to MDEQ and the USFWS the presence of any bald or golden eagle consistently 



used roost, seasonal concentration area, or breeding area of which OCC becomes aware. 



 In accordance with ARM 17.24.312(1)(d)(ii) OCC will implement impact control 



measures and management techniques to protect migratory birds.  Three primary 



documents provide relevant guidance to OCC on a strategy to avoid and minimize 



impacts to migratory birds:  1) Executive Order 13186, 2) the Memorandum of 



Understanding between the U.S. Department of Interior Bureau of Land Management and 



the U.S. Fish and Wildlife Service To Promote the Conservation of Migratory Birds, and 



3) the Migratory Bird Treaty Act Draft Instruction Memorandum No. MT-2012- that 



provides Guidance for the Montana/Dakotas Bureau of Land Management to Meet 



Responsibilities Under the Migratory Bird Treaty Act and Executive Order 13186.  In 



particular, the following strategies are stressed in each document: 



o Minimize or prevent the pollution or detrimental alteration of the environments 



used by migratory birds whenever practical. 



o Implement conservation measures to minimize, reduce, or avoid unintentional 



take.  



o Restore and enhance migratory bird habitat as practicable. 
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o Evaluate the effects of management activities on habitats and populations of 



migratory birds, focusing first on species of concern, priority habitats, and key 



risk factors.   



 



OCC has utilized these strategies to develop the following impact control measures and 



management techniques to protect migratory birds per ARM 17.24.312(1)(d)(ii):  



o OCC will minimize or prevent pollution or detrimental alteration of the 



environment through implementation of various mitigation plans, including 



Protection of the Hydrologic Balance (Exhibit 314A), Air Pollution Control Plan 



(Exhibit 311A), Waste Handling and Disposal (Exhibit 308D), and reclamation 



plans described in Backfilling and Grading (Exhibit 313C), Soil Handling 



(Exhibit 313E) and Revegetation (Exhibit 313G).   



o OCC will implement measures to minimize, reduce, or avoid unintentional take of 



a migratory bird through the following measures: 



1. Electric transmission lines or other transmission facilities used for or 



incidental to activities in the permit area will be designed and constructed to 



follow “Suggested Practices for Raptor Protection on Power Lines:  The State 



of the Art in 1996 (Avian Power Line Interaction Committee, 1996) or 



alternative guidance manuals approved by the Department. 



2. Speed limits established and posted on haul and access roads for safety 



purposes will also reduce the potential for collisions with wildlife. 



3. Escape ramps or similar features will be installed in any water tanks to 



provide an escape for birds and other wildlife that are inadvertently trapped in 



the tank. 



o OCC will restore and enhance migratory bird habitat as practicable by reclaiming 



grassland habitat types consistent with land use and by integrating WHEF into the 



reclaimed landscape as described in Section 2.1. 



o OCC will evaluate the effects of management activities on habitats and 



populations of migratory birds through monitoring migratory bird use of the 



permit area, and identify if mine activities may have a measurable negative effect 
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on migratory bird populations, focusing first on species of concern, priority 



habitats, and key risk factors.   



 



2.3 Wildlife Monitoring  



Monitoring will be conducted in order to protect and enhance particular wildlife resources as 



required by ARM 17.24.312(1)(d).  Monitoring methodologies will focus on the following 



wildlife resources: 



 In accordance with ARM 17.24.312(1)(d)(i), OCC will monitor threatened or endangered 



species listed under the Endangered Species Act of 1973, as amended, should these 



species be documented in the permit area.   



 In accordance with ARM 17.24.312(1)(d)(ii), OCC will monitor raptor, eagle, and 



migratory bird use of the permit area.  Monitoring will focus on determining the 



effectiveness of WHEF and conservation measures.  In particular, monitoring will focus 



on bird populations, species of concern, priority habitats and key risk factors. 



 In accordance with ARM 17.24.312(1)(d)(iii), OCC will monitor WHEF to document 



wildlife use of habitats of unusually high value. 
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OTTER CREEK MINE 


17.24.313 RECLAMATION PLAN 


17.24.313(1) 


Each reclamation plan must contain a description of the reclamation operations proposed, 


including the following information:  


 


17.24.313(1)(a) 


The proposed postmining land use pursuant to ARM 17.24.762 is addressed in detail in Exhibit 


313A – Post Mining Land Use.  


 


17.24.313(1)(b) 


Due to the concurrent nature of mining and reclamation operations, it is not practical to project a 


meaningful detailed timetable for the estimated completion of each major step in the reclamation 


plan.  Once mining has progressed to a point where the graded area is available for reclamation, 


soil placement and revegetation will be initiated, and will continue concurrently with mining 


through the life of the mine plan.  When mining is concluded at the final pit, it is anticipated that 


final pit closure backfilling and grading, soil placement and revegetation will take at least three 


years due to the volume of material that will have to be moved to attain the Post-Mining 


Topography (PMT).  


 


17.24.313(1)(c) 


Exhibit 313B – Bond Calculation is a detailed estimate of the cost of reclamation of the proposed 


operations that will be covered by a performance bond with supporting calculations for the 


estimate. 


 


17.24.313(1)(d) 


The plan for backfilling, stabilization, compacting, and grading of the proposed permit area is 


included as Exhibit 313C – Backfilling and Grading which addresses the requirements of ARM 


17.24.501, 502, 503, 504, 505, 515, 519 and 520 as appropriate. Included are:  


(i) A description of the final location of all overburden and parting materials in the fill. Diagrams 


are included as necessary.  
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(ii) A narrative and cross-sections showing the plan final pit closure, including highwall 


backfilling, reduction, or an alternative thereof as appropriate, including the limits of buffer zone 


consistent with the performance standards listed above. 


(iii) A narrative description of the derivation of the bulking factor (swell) used in calculation of 


spoil volumes and generation of postmining contour maps.  Calculations used in the derivation 


are included.  


(iv) A map showing the proposed postmining topography is included as Map 12 – Post-Mining 


Topography.  This map has been prepared to reflect the performance standards. 


(v) A demonstration that the proposed postmining topography can be achieved. This 


demonstration includes modeled volumetrics to depict the removal of overburden and mineral 


and the replacement of the swelled spoil. 


 


17.24.313(1)(e) 


A description of postmining drainage basin reclamation is included as Exhibit 313D – 


Reclamation of Drainage Basins.  This plan ensures protection of the hydrologic balance, 


achievement of postmining land use performance standards, and prevention of material damage 


to the hydrologic balance in adjacent areas, including:  


(i) A comparison of premining and postmining drainage basin size, drainage density, and 


drainage profiles as necessary to identify characteristics not distinguishable on the premining and 


postmining topographic maps.  


(ii) A discussion of how, within drainage basins:  


(A) The plan meets each performance standard in ARM 17.24.634.  


(B) The requirements of 82-4-231(10)(k), MCA, and ARM 17.24.314 will be met where the 


postmining topography differs from the premining as allowed by ARM 17.24.301(13)(c). 


 


17.24.313(1)(f) 


Exhibit 313D – Reclamation of Drainage Basins includes drainage channel designs that are 


appropriate for preventing material damage to the hydrologic balance in the adjacent area and 


meet the performance standards of ARM 17.24.634, including:  
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(i) Detailed drainage designs for channels that contain critical hydrologic, ecologic or land use 


functions not already addressed in this rule such as alluvial valley floors, wetlands, steep erosive 


upland drainages, drainages named on USGS topographic maps, or intermittent or perennial 


streams.  Detailed drainage designs include fluvial and geomorphic characteristics pertinent to 


the specific drainages being addressed.  


(ii) For all other channels, typical designs and discussions of general fluvial and geomorphic 


habit, pattern, and other relevant functional characteristics.  


 


17.24.313(1)(g) 


Plans for removal, storage, and redistribution of soil in accordance with ARM 17.24.701 through 


17.24.703 are described in detail in Exhibit 313E – Soil Handling.  Handling of overburden, 


spoils, and other material in accordance with ARM 17.24.501, 17.24.502, 17.24.503, 17.24.504, 


17.24.505, 17.24.507, 17.24.510, 17.24.514, 17.24.515, 17.24.516, 17.24.517, 17.24.518, 


17.24.519, 17.24.520, 17.24.521, and 17.24.522 is addressed in Exhibit 313C – Backfilling and 


Grading. 


(i) These plans reference Baseline Report 304L – Soils and Baseline Report 304H – Overburden 


Analysis and Suitability documenting how the information on the characteristics of the 


overburden and coal and soils was utilized in developing the plans.  


(ii) Exhibit 313E – Soil Handling uses the soil survey information to propose estimated salvage 


depths for each lift of each soil component (series or phase) of each soil mapping unit.  


(iii) Exhibit 313E – Soil Handling also includes supporting calculations showing:  


(A) total acreages and volumes of salvageable soil of each lift from each soil component of each 


soil mapping unit; and  


(B) the anticipated thickness(es) of soil redistribution for each lift, and in total, on the area of 


land affected after grading;  


(iv) Exhibit 313F – Soil Testing includes plans for monitoring of soils, overburden, spoils, or 


other materials. 
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17.24.313(1)(h) 


Exhibit 313G – Revegetation Plan includes a narrative of the method for revegetation including 


as appropriate discussion of:  


(i) revegetation types, including acreage of each;  


(ii) the schedule of revegetation;  


(iii) species and amounts per acre of seeds and seedlings to be used, calculated as pure live seed;  


(iv) introduced species to be used, if any, and documentation of the desirability and necessity of 


using the introduced species to achieve the approved postmining land use;  


(v) methods to be used in planting and seeding;  


(vi) approximate, normal, annual seeding and planting dates;  


(vii) the use of nurse or cover crop and mulching techniques;  


(viii) soil tillage, amendments or other management techniques to assist in vegetative 


establishment;  


(ix) vegetation monitoring to be implemented to identify conditions during the period of liability;  


(x) measures to be used to determine the success of revegetation, including the use of technical 


standards in relation to the revegetation types;  


(xi) plans for determining quality, fertility, and thickness of redistributed soil and for 


determining quality of graded spoil are described in Exhibit 313F – Soil Testing.  The purpose of 


these plans is to evaluate the results of the handling of soils, overburden, wastes, and other 


materials and to evaluate reclamation procedures related to revegetation; and  


(xii) the types of major equipment to be used in the above operations.  


 


17.24.313(1)(i) 


Exhibit 313H – Management of Bore Holes includes a description of the measures to be used 


plug, case, or manage prospecting holes, other bore holes, wells, and other openings within the 


proposed permit area in accordance with ARM 17.24.1005. 
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17.24.313(1)(j) 


Exhibit 308C – Mine Facilities includes a narrative explaining reclamation of facilities and sites 


identified under ARM 17.24.308(2).  
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OTTER CREEK MINE 



EXHIBIT 313A:  POST-MINING LAND USE 



1.0 Introduction 



This exhibit addresses the post-mining land use requirements of ARM 17.24 313(1)(a) and the 



performance standards of ARM 17.24.762. 



 



2.0 Pre-Mining Land Use 



Pre-mining land uses are discussed in Baseline Report 304M – Pre-Mining Land Use.  Pre-



mining land uses in the permit area are grazing land, cropland, which consists primarily of grass 



hay, and pastureland.  Cropland is located in the valley bottoms of Otter Creek and its tributaries 



Home Creek, Threemile Creek and Tenmile Creek, and will not be affected by mining.  



Pastureland also is largely confined to unfarmed areas of the valley bottoms, with limited 



acreages in adjacent uplands in the form of “go back” lands, which were once farmed but are 



now managed as grazing land. 



 



3.0 Post-Mining Land Use 



In areas to be mined, the post-mining land use will be grazing land, and to the extent it existed 



before mining, pastureland.  No alternative land uses are planned or proposed.  Exhibit 313G – 



Revegetation Plan describes in detail the plan for re-establishing vegetation composed of native 



species to support the post-mining land use. Cropland areas which may be affected by associated 



disturbances in the Otter Creek valley bottom such as roads and conveyors will be reclaimed as 



cropland farmed for grass hay. 



 



4.0 ARM 17.24.762 Post-Mining Land Use  



(1) The post-mining land use of grazing land satisfies the requirements of 82-4-203(28)
1
 and 82-



4-232(7), MCA. In applying 82-4-232(7), MCA, the following principles apply:  



(a) The pre-mining uses of the land to which the post-mining land use is compared are those that 



the land previously supported.  



(b) There are no previously mined lands in the permit area.  



                                                 
1
 ARM 17.24.762(1) cites the incorrect provision, it should reference 82-4-203(29). 
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 2 



(c) The post-mining land use for any land in the permit area that has received improper 



management will be judged on the basis of the pre-mining use of surrounding lands that have 



received proper management.  



(d) If the pre-mining use of the land is changed within five years of the beginning of mining, the 



comparison of post-mining use to pre-mining use will include a comparison with the use of the 



land prior to the change as well as its uses immediately preceding mining.  



(2) Alternative post-mining land uses are not proposed; any alternative land uses that are 



proposed in the future will be determined in accordance with 82-4-232(7) and (8), MCA, and 



ARM 17.24.821 and 17.24.823.  



(3) Certain pre-mining facilities may be replaced pursuant to 82-4-232(10), MCA. 
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Exhibit 313C_Otter Creek Mine_Backfilling and Grading.docx  7/23/2012\\3:16 PM 



 1 



OTTER CREEK MINE 



EXHIBIT 313C:  BACKFILLING AND GRADING 



1.0 Introduction 



This exhibit addresses the requirements of ARM 17.24.313(1)(d) with respect to stabilization, 



compacting, and grading of the proposed permit area.  The performance standards of ARM 



17.24.501, 502, 503, 504, 505, 515, 519 and 520 are also addressed as appropriate.  



 



2.0 Overburden Handling Sequence 



Backfilling and grading procedures are dictated by the mining sequence and overburden 



stripping procedures, which are outlined as follows: 



 The box cut and mid-pit short cuts along the subcrop south of Ramp 2 will be excavated 



using mobile equipment and the spoil placed into storage as shown on Map 8 – Mine 



Plan. 



 After the box cut coal has been removed, the dragline will begin operations south of 



Ramp 2, dumping into the empty box cut, and advance the south half of the pit. 



 Once dragline stripping operations in the south have sufficiently progressed, the north 



half of the box cut will be excavated using mobile equipment and the spoil placed over 



dragline spoil in the south. 



 As required, excess spoil will be stored over the empty mobile equipment short cuts at 



mid-pit. 



 The dragline will then move to the north, dumping into the empty box cut.  Initial pre-



strip spoil will be hauled to the south. 



 Dragline stripping will be sequenced such that the north and south halves of the pit will 



align by approximately pass 12. 



 As the pit advances, pre-strip spoil will be placed over dragline spoil to construct the 



post-mining topography (PMT). 



 Stored spoil will be used to supplement topsoil as required to mitigate sodic spoils, and 



the balance will be used for final pit closure. 
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 Sufficient stored spoil will be retained in the mid-pit supplemental storage area to reclaim 



sediment ponds. 



 



2.1 Placement of Overburden and Partings 



The quality of overburden materials is discussed in Baseline Report 304H – Overburden 



Analysis.  Overburden quality is such that mixing though handling, spoil testing, and 



supplemental fill prior to soil placement where required is the most appropriate strategy for 



mitigation of strata exceeding suspect levels for analytical parameters, primarily salinity and 



sodium adsorption ratio (SAR), where they occur.  Special handling of specific overburden 



strata, interburden or partings is not indicated by overburden quality and is not planned. 



 



In general, partings and interburden, where they occur, will be removed by mobile equipment 



and placed in an adjacent area of the empty pit.  Overburden, or that material from the top of the 



Knobloch coal seam to the surface, or a height 150 feet above the coal where overburden 



exceeds 150 feet, will be excavated by the dragline and dumped into the adjacent empty pit, 



covering any parting or interburden material.  The PMT will be constructed by placement of pre-



strip material, or that interval from 150 feet above the coal to the surface, and spoil hauled from 



storage.   



 



2.2 Final Pit Closure 



Final pit closure will occur in deep overburden adjacent to hilly areas in the eastern part of Tract 



2.  The PMT will be constructed by borrowing from the highwall side to fill the final pit to the 



extent possible, leaving a slope ranging from 5:1 to 1:1 as appropriate to blend with the natural 



topography.  Spoil from storage will then be hauled in as necessary to achieve the final PMT.   



 



Highwall borrow disturbance will maintain a buffer zone of at least 100 feet from the permit line 



where the adjacent property to the east is owned by the Custer National Forest.  



 



Prior to mining, the mining area includes some 41,000 linear feet (7.7 miles) of slopes exceeding 



2h:1v; please refer to Baseline Report 304C – Geologic, Scenic and Topographic Features.  This 



is more than sufficient to offset any steep slopes and bluff extensions built into final pit closure. 
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2.3 Bulking (“Swell”) Factors 



Since stripping operations have not yet been conducted at the mine, swell factors used in the 



mass balance determination and generation of the PMT were primarily derived by a third party 



experienced in swell factor determinations for other similar regional surface mining operations.  



Individual swell factors were applied to material moved by the dragline and truck shovel 



operations.  Dragline material was estimated to swell 17% while truck shovel overburden was 



assumed to swell 12%.  Derivation of swell factors is described in detail in Appendix A – 



Overburden Swell Factors and Projection of the Post-Mining Topography for Otter Creek Mine, 



prepared by CDG Engineers of Sheridan, Wyoming. 



 



2.4 Post-Mining Topography  



Appendix A contains a detailed discussion regarding the methodology used to design the PMT 



for Otter Creek Mine.  Table 1 summarizes the pit shell volume and spoil volumes adjusted for 



swell to demonstrate that the PMT can be achieved. 



 



The original volume within the pit shell totaled 1,354,432,000 bank cubic yards (bcy) which 



represents the in-situ volume of coal, overburden and parting associated with the proposed mine 



plan.  The modeled volume between the PMT surface and the pit shell totals 1,220,829,000 loose 



cubic yards (lcy) which indicates approximately 90% of the pre-mining volume and a consequent 



lowering of the post-mine surface relative to the original surface.   



 



3.0 ARM 17.24.501 General Backfilling and Grading Requirements 



(1) Backfilling and grading of the disturbed area will be completed prior to removal of necessary 



reclamation equipment from the area of operation.  



(2) Overburden and parting materials which are not conducive to revegetation techniques, 



establishment, and growth will not be left on the top nor within eight feet of the top of graded 



spoils nor at the surface of any other affected areas.  Such materials have not been identified in 



the Otter Creek Mine area.  Analysis of overburden materials (Baseline Report 303H) indicates 



that overburden is alkaline with no potential for acid formation.  Replaced spoils are expected to 



exhibit moderately saline and/or sodic characteristics in some areas.  Such areas of graded spoil 
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as indicated by soil testing (Exhibit 313F) will be covered to a depth of at least three feet with 



non – saline / non-sodic material, including topsoil. 



(3)(a) Backfilled material will be placed to minimize erosion and sedimentation of undisturbed 



and reclaimed areas both on and offsite, water pollution, adverse effects on ground water, other 



offsite effects, and to support the approved post-mining land use.  Sediment ponds will prevent 



offsite transport of sediment; onsite undisturbed and reclaimed areas will be protected using 



undesigned sediment traps.  The post-mining topography (Map 12) is designed to support the 



post-mining livestock grazing land use. 



(b) Acid, acid forming, toxic or toxic-forming overburden materials have not been identified, and 



selective placement and compaction is not planned.  If such materials are encountered, backfilled 



materials will be selectively placed and compacted wherever necessary to prevent leaching of 



acid, acid-forming, toxic, or toxic-forming materials into surface or subsurface waters and 



wherever necessary to ensure the stability of the backfilled materials.  The method and design 



specifications for placing and compacting such materials will be submitted to the Montana 



Department of Environmental Quality (MDEQ) for approval.  



(4) All final grading on the area of land affected will be to the approximate original contour of 



the land in accordance with 82-4-232(1), MCA.  



(a) Otter Creek Coal, LLC (OCC) will transport, backfill, and compact to ensure compliance 



with (3)(b) and ARM 17.24.505, and grade all spoil material as necessary to achieve the 



approximate original contour.  Highwalls will be reduced or backfilled in compliance with ARM 



17.24.515(1), or approved highwall reduction alternatives in compliance with ARM 



17.24.515(2).  



(b) Cut-and-fill terraces are not planned; if utilized they will be used only in those situations 



expressly identified in and in compliance with ARM 17.24.502.  



(c) The post-mining graded slopes will approximate the pre-mining natural slopes in the area to 



the extent practicable consistent with material availability and minimization of erosion.  



(d) Depressions will be eliminated, except as provided in ARM 17.24.503(1).  



(5) The disturbed area will be blended with surrounding and undisturbed ground to provide a 



smooth transition in topography.  
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(6) Backfilling and grading will be kept current with mining operations.  Although it is an area 



strip mining operation, Otter Creek Mine utilizes pre-stripping with mobile equipment prior to 



dragline stripping over much of its area.  Pre-strip material must be placed over dragline spoils to 



achieve the post-mining topography.   



(a) In most cases, there will not be more than four consecutive spoil ridges present in any 



location as pre-strip material is placed.  Exceptions will occur when it is necessary to reclaim in a 



block to achieve the PMT, as in pit closure areas.   



(b) Backfilling and grading will in normal operation be completed within one thousand feet of 



the active pit, which is equivalent to two years of operation at the anticipated production rate of 



20 million tons per year.  At lower production rates, or if it is necessary to reclaim in a block, the 



time lag between coal removal and final grading may exceed two years.  



(c) Backfilling and grading of other excavations will be kept current as departmental directives 



dictate for each set of field circumstances.  



(d) All backfilling and grading will achieve the approved post-mining topography.  



(7) OCC will notify MDEQ writing, upon detection of grading problems that would result in 



topography not consistent with the approved postmine topography.  



 



4.0 17.24.502 Cut and Fill Terraces 



Cut and fill terraces are not planned.  If proposed at a later date, the requirements of this 



subsection will be followed.  



 



5.0 17.24.503 Small Depressions  



(1) Small depressions will be utilized in the reclaimed surface to enhance vegetative diversity, as 



wildlife enhancement features, and as a sediment control best management practice.  Please refer 



to Exhibit 312A - Fish and Wildlife Plan.  



 



6.0 17.24.504 Permanent Impoundments  



(1) Permanent impoundments are not planned at this time, but it may be proposed at a later date 



to retain one or more sediment ponds as permanent impoundments, depending on their 
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performance at collecting and retaining surface runoff.  Any permanent impoundment(s) 



proposed will meet the requirements of this subsection. 



 



7.0 17.24.505 Burial and Treatment of Exposed Mineral Seams and Waste 



Materials 



(1) All exposed coal seams remaining after mining will be covered with a minimum of 4 feet of 



non-toxic and non-combustible material.  



(2) Acid, acid-forming, toxic, toxic-forming, combustible, or other undesirable waste materials 



will not be generated by the mining process; fly ash disposal is not planned.  Management of 



waste materials is addressed in Exhibit 308D – Waste Handling and Disposal.  



(3) Wastes will not be used in the construction of embankments for impoundments.  



(4) Wastes will not be disposed of in a waste disposal structure that is located on the surface of 



the ground.  



(5) Impoundment of waste is not planned; no wastes requiring impoundment will be generated.  



(6) There will be no coal waste impoundments.  



(7) If any examination or inspection discloses that a potential hazard exists at a waste disposal 



site, MDEQ will be informed promptly of the finding and of the emergency procedures 



formulated for public protection and remedial action. If adequate procedures cannot be 



formulated or implemented, MDEQ will be notified immediately.  



(8) Waste disposal in underground mine workings is not planned; there are no underground mine 



workings in the mine area. 



 



8.0 17.24.515 Highwall Reduction  



(1) Highwalls will be eliminated and the reduced highwall slope will be no greater than whatever 



slope is necessary to achieve a minimum long-term static safety factor of 1.3, or a lesser slope 



prescribed by MDEQ whenever necessary to achieve post-mining slope stability.  Highwall 



reduction will be commenced at or beyond the top of the highwall and sloped to the graded spoil 



bank.  
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(2) Highwall reduction alternatives will be utilized in some areas to replace bluff features that 



existed before mining where:  



(a) post-mining bluffs are compatible with the proposed post-mining land use;  



(b) post-mining bluffs are stable, achieving a minimum long-term static safety factor of 1.3;  



(c) similar geometry and function exists between pre- and post-mining bluffs;  



 (d) the horizontal linear extent of post-mining bluffs does not exceed that of the premining 



condition; and  



(e) highwalls will be backfilled to the extent that the uppermost mineable coal seam is buried in 



accordance with ARM 17.24.505(1). 



 



9.0 17.24.519 Monitoring for Settlement 



(1) Monitoring of settlement on regarded areas will be conducted if required by MDEQ as 



authorized by this subsection. 



 



10.0 17.24.520 Thick Overburden and Disposal of Excess Spoil 



Disposal of excess spoil is not planned; all spoil generated will be utilized to construct the PMT. 
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1.0 INTRODUCTION 
 




Stripping operations at Otter Creek Mine will be conducted using a combination 




of dragline and truck shovel equipment to effectively uncover the volume of coal 




necessary to meet customer shipments.  In order to complete reclamation planning, 




post-mine topography (PMT) design and determine the overall mass balance for the 




operation, OCC must have a reasonable approximation of the material swell factor for 




each stripping equipment type as well as the anticipated volumes that each operation 




will remove.  Typically, swell factor determinations are periodically obtained from field 




measurements taken at the site once operations have been sufficiently conducted to 




allow representative measurements to be taken.  Prior to operations actually taking 




place, the swell factors must generally be determined from results obtained at similar 




operations where the operating equipment types and overburden characteristics are 




comparable.  




To determine representative dragline and truck shovel swell factors, OCC 




enlisted the services of CDG Engineers (CDG) located in Sheridan, Wyoming.  CDG 




has conducted several swell factor studies in the recent past at a variety of surface coal 




mining operations in the Powder River Basin (PRB) of Wyoming and Montana.  These 




include Antelope Coal Company (ACC), Black Thunder Coal Company (BTCC), North 




Rochelle Mine (NRM), North Antelope Rochelle Mine (NARM) and Spring Creek Coal 




Company (SCC).  Summaries of the results and methodologies of those studies are 




provided in this appendix to provide substantiation for the initial swell factors utilized in 




planning at OCC.  The actual study reports are not included in this document, but 




remain on file at CDG. 




Following the discussion of swell factor determinations, this appendix also 




contains information regarding development of the initial PMT design for OCC.   The 




PMT design was also completed by CDG and the information contained herein 




describes the process followed by CDG in completing the design.  
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2.0 SUMMARY OF RESULTS 




 Table MP-1 provides a listing of the measurements taken during the most recent 




swell factor studies completed by CDG and form the basis of the recommended swell 




factors for OCC.  The studies were conducted at five separate surface mining 




operations including four completed at Wyoming PRB operations while one was 




completed at a Montana PRB coal mine.  In all cases, distinct measurements were 




completed for both dragline and truck shovel stripping operations which will approximate 




the operations planned for OCC.  The methodologies behind the measurements 




obtained are described in more detail in Section 3. 




2.1 Dragline Swell Factor 




As illustrated in Table MP-1, the volume-weighted average of the dragline swell 




measurements is slightly above 18%.  Results range from 14.5% to 20% and are based 




on 28 measurements involving nearly 454 million bank cubic yards of stripped 




overburden and 536 million loose cubic yards of correlated spoil placement.  The 




measurements were conducted from 2005 to 2009. 




Based on the results of these measurements, the recommended swell factor for the 




proposed dragline stripping operation at OCC is 17%.  This level is slightly below the 




weighted-volume average swell obtained in the previous studies, but was intentionally 




lowered to help insure that sufficient material is available to construct the proposed 




PMT.   




2.2 Truck Shovel Swell Factor 




Results of the truck shovel swell studies conducted by CDG indicate that the volume-




weighted average swell factor is nearly 13%.  Overburden volumes analyzed by 




computerized surface modeling to produce this result included 15 measurements 




containing over 95 million bank cubic yards of overburden and parting and a 




corresponding total spoil volume of 107 million loose cubic yards.   These 




measurements were also obtained between 2005 and 2009 and were completed in 




conjunction with the dragline swell measurements at the respective operations.  
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The recommended truck shovel swell factor for the truck shovel stripping operation at 




OCC is 12%.  As with the dragline swell factor selection, this level is lower than the 




results obtained in the studies and is also intended to insure that sufficient volume is 




available to construct the proposed PMT.     
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3.0 STUDY METHODOLOGIES 
 




Important steps in conducting each of the swell factors studies include data collection, 




operational reviews, surface modeling and interpreting results.  Each of these steps is 




described in greater detail below.  




3.1 Data Collection, Modeling and Review 




The following data items were obtained from the respective mines to conduct the 




swell factor studies: 




• Monthly aerial flight data and orthophotography of the active mine areas.   




o Each of the mines provided monthly, digital aerial flight data obtained over 




at least the previous 3 years of operation.  The data consisted of 




conventional 3-D breaklines, random TIN points and spot elevation data 




suitable for mapping meeting National Map Accuracy Standards (NMAS).  




The data was supplied in AutoCAD format, immediately available for 




extraction and manipulation using a surface modeling software program. 




o Mines also supplied the corresponding orthophotography in conjunction 




with the flight data.  Orthophotos were also generated on a monthly basis 




at the mines and supplied as TIFF images. 




o Where necessary, field survey data was also requested and supplied to 




augment available flight data. 




• Mine structure data. 




o Geologic structure information provided by the mines included digital point 




data (grid files) of the roof and floor for the respective coal seams.  Parting 




or interburden surface grids were generated from the coal seam grid files.  




Grid files contained three-dimensional point data (x, y and z data) on a 




100’x 100’ grid spacing for the entire active area of the mine.  Original 




ground surface data was also provided as contour data for use with the 




progressive flight information. 




•  Pit design parameters and sequencing information. 




o Pit design parameters provided by the mines included dragline and truck 




shovel bench and cut design (height, width, angles), location of exclusive 
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dragline and truck shovel pit stripping areas and life-of-mine mine 




progression maps.  Other mapping provided included delineation of mine 




reclamation areas, material stockpile locations and designations and the 




past and present coal removal sequence for the individual pit areas at 




each operation. 




3.2 Operational Review 




Stripping operations at each of the studied mines consisted of a combination of 




truck shovel and dragline stripping.  The operational review conducted at each of the 




operations was intended to understand the stripping procedures used during the study 




measurement periods in order to determine more accurately material movement.  The 




reviews consisted of reviewing monthly mine reports and associated progression 




mapping, monthly production tables, sequential orthophotography and major equipment 




mechanical availability reporting.  This information was then used in conjunction with the 




cut and fill surface modeling described below to pinpoint and correlate material 




movement within the respective stripping operations. 




Truck shovel stripping was typically conducted with advancing benches in the 




stripping operation and could include a variety of backfill locations that were advanced 




based on haul proximity and deficit requirements.  The operational review assisted in 




defining the individual bench advances, both in stripping and placement in backfill and 




also helped define material used for other possible purposes.  Examples of these uses 




included ramp and road extensions, berm construction, pond construction or expansion, 




etc.  Identifying the occurrence and timing of other uses was useful in limiting inaccurate 




measurements being used and included in the study results.    




Dragline stripping is typically more complex and consists of truck shovel 




prestripping (if necessary) followed by production drilling, cast blasting and dozing, 




dragline pad preparation, and finally, dragline stripping and spoiling, typically from a 




spoil-side operation.  Due to these multiple operating steps, dragline operations are 




generally harder to quantify.  Operational review for this portion of the studies was 




intended to assist in determining the actual sequence of steps involved the progress of 




those steps in the sequential mapping.  Overall, the operational review aided 




considerably in establishing the measurement correlation between cut and fill.     
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3.3 Initial Surface Modeling 




Initial modeling of the coal seams and surface topography grid data was 




conducted to prepare digital surfaces of the current topography and the top and bottom 




of the coal seams and parting, if any.  Thickness mapping was also completed for the 




structure including overburden, each individual coal seam and individual parting. 




Following this work, digital surfaces were made for each monthly flight. 




After the initial modeling, the primary task at the outset of each study was to 




identify areas within the progression period where the dragline and truck shovel 




stripping and corresponding spoiling and backfill operations could be accurately 




identified and measured.  As described above, these PRB mines conduct several 




concurrent operational activities in a single pit at any given time.  The activities can 




include operations such as production drilling and blasting, production dozing, coal 




mining, overburden removal by dragline and/or truck shovel operations as well as 




general pit and road maintenance activities.  In order to define areas where the dragline 




and truck shovel swell could be assessed, CDG conducted an extensive review of the 




digital progression data and monthly photo information to identify individual blocks 




within the progression that could reasonably be isolated in terms of stripping and spoil 




or backfill advance with minimal error due to extraneous operating activities.  This work 




coupled with the operational review helped define the measurement areas that best 




represented a balance between cut and fill. 




To identify such areas, each investigation began by importing the digital surface 




information for each time increment provided (typically monthly) and mathematically 




manipulating (subtracting) the surfaces to produce monthly incremental cut and fill 




contour thickness surfaces that illustrate the material movement and locations for the 




respective time basis dictated by the available data.   CDG utilized both SurvCADDTM 




and QUICKSURFTM software packages as tools for modeling digital surface data.  




Either of these database modeling tools allows selection of data and proper trending 




algorithms to conduct surface modeling and produce structure isopach maps and 




associated thickness mapping of overburden, coal seam(s), interburden and parting.  




Both packages are also capable of calculating volumes by applying boundary polylines 




to thickness surfaces.   
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3.4 Dragline Swell Factor Methodology 




The basis for accurately quantifying dragline bank and corresponding spoil 




material volumes was to correctly identify, model and construct surfaces representing 




the dragline bench (cut) volume and the available spoil room (fill) in the prior, mined-out 




cut.  On the cut side, quantifying adjustments include accurate removal of any pre-




stripped material from the dragline bench and accurate representation of the bench prior 




to blasting or spoil dozing operations.  In addition, accurate structure modeling of the 




top of coal is necessary for identifying the base of the bench.  Items to be quantified on 




the fill side include pit floor structure, unrecovered coal and coal waste, the spoil side 




dragline pad configuration and the adjacent spoil profile that will all dictate the available 




spoil room boundaries.   




As illustrated in Table MP-1, one set of calculations for ACC utilized cross-




section data that related the cut and fill volumes by determining the respective cross-




sectional area of both as derived from the two-dimensional area measurements to 




determine the dragline swell factor.  For that particular study, CDG produced both 




cross-sectional data as well as digital surface modeling to prove that any future 




determinations could be completed solely by surface modeling.  After reviewing the 




progression information within the operational history provided by the mines, a number 




of separate areas were identified where dragline stripping or cut side operations could 




be reasonably correlated to a resulting spoil profile (fill side).          




  Both the cross-section and surface modeling locations were derived primarily to 




minimize the influence of ramp overburden material being included in the 




measurements and causing bias.  Ramp rehandle material handled by the dragline as 




the operation crossed any available ramp access must be adjusted to exclude any 




identifiable rehandle material or the ramp area must be entirely excluded from the 




quantity calculation.  In this manner, each location is representative of bank material on 




the cut side and also representative of fill side with coal exposed and all spoil properly 




placed in preparation for coal removal. 




 For the single cross-sectional analysis, 11 cross-section locations were arbitrarily 




spaced between 250-300 feet apart within the representative cut and fill areas.  The 




cross-section lines were “draped” onto both the cut side topography following any 




prestripping activity and the fill side topography once spoil placement operations were 
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complete.  These cross-section elevation lines were then joined.  Once these cross-




section elevation lines were complete, coal and interburden surface elevations were 




extracted from the initial modeling and added to the cross-section elevation to complete 




the cross-sectional areas shown.  Areas of cut and fill were then measured to calculate 




the respective dragline swell factors.  




 In the follow-up analysis using surface-to-surface manipulations, topographic 




surfaces were extracted both before and after stripping operations were complete in the 




respective areas.  The extracted surfaces were then subtracted from one another to 




produce cut and fill thickness contour surfaces.  Boundary polygons were then 




established to set the limits for calculating volumes on each cut and fill area.  Volumes 




were determined electronically by extracting and analyzing the thickness grids.  As 




evidenced in Table MP-1, the swell factor results under both processes were extremely 




close indicating that surface-to-surface manipulation could be utilized going forward.       




In all cases, it was not possible to model an entire turnover cut and develop 




dragline swell comparisons by simply manipulating the sequences of toe/crest data to 




construct the progression of stripping and spoiling operations.  As noted above, 




additional surface manipulation was required to create the dragline benches and/or the 




corresponding spoil profile for the area to be representative for swell measurement.  




Creating such benches or spoil profiles was based on the specific operating procedures 




for the mine.  Further, any such profiles created were incorporated with actual surface 




data provided by the mine as a check that the profile adhered to the mine’s operating 




protocol.       




3.5 Truck Shovel Swell Factor Methodology 




The methodology used to develop the truck shovel swell factor is very similar to 




the surface modeling discussion provided above for the dragline swell factor.  In this 




case, 15 separate cut and fill areas were detected that contained reasonable and 




correlatable data.  Similarly to the dragline swell evaluation, surfaces were extracted 




both before and after stripping operations were complete in the respective areas.  The 




extracted surfaces were then subtracted from one another to produce cut and fill 




thickness contour surfaces.  Boundary polygons were then established to set the limits 




for calculating volumes on each cut and fill area based upon the extent of cut/fill 
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contours produced by the surface-to-surface manipulation.  Volumes were determined 




electronically by extracting and analyzing the thickness grids produced by the surface 




subtraction technique. 




As with the dragline swell factor evaluation, truck shovel cut and fill correlations 




were determined based on the operational review for the respective time increments 




provided.  Cut and fill contours that appeared in the surface manipulations were further 




verified by the review prior to their inclusion in the measurements.  Where the review 




indicated that portions of the material moved was used or placed for other purposes, the 




increment was discarded unless the volume related to that purpose could be quantified.  




Some mines reported such volumes either as an estimated volume or by load counts.  If 




this information existed, the measurement was adjusted accordingly and retained in the 




calculation. 




Both the NRM and North Antelope Rochelle Mine NARM truck shovel swell 




factors were based on single measurements associated with the cut material being 




placed in an out-of-pit stockpile for a given increment of time.  CDG limited the time 




increment based on the operational review before completing the surface-to-surface 




modeling and volume determination shown.      
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BCY LCY
X-SECTION X-SECTION (%) BCY LCY (%)




MINE AREA (sq.ft) AREA (sq.ft) SWELL (X 1000) (X 1000) SWELL
ACC (D/L cross-sections (sq.ft)) (07-09) 22,719 27,414 20.7% 2,336 2,691 15.2%
  Truck Shovel Volumes by modeling 24,626 30,524 24.0% 2,900 3,317 14.4%




26,628 32,064 20.4% 2,018 2,223 10.2%
26,210 31,770 21.2% 1,855 2,121 14.3%
21,867 26,176 19.7% 516 582 12.8%
24,546 29,504 20.2% 3,112 3,527 13.3%
25,970 30,015 15.6% 4,688 5,499 17.3%
26,868 29,171 8.6% 2,675 3,069 14.7%
27,741 31,069 12.0% 2,138 2,407 12.6%
21,723 27,712 27.6% 22,238 25,436 14.4%
22,508 28,545 26.8%




271,406 323,964 19.4%




BCY LCY (%)
(X 1000) (X 1000) SWELL




ACC - surface modeling/manipulation 787 957 21.6%
to determine volume (08-09) 652 755 15.8%




197 249 26.4%
1,636 1,961 19.9%




BTCC D/L Surface Modeling (06-07) 11,258 13,348 18.6% 3,310 3,744 13.1%
  Truck Shovel Surface Modeling (05-07) 7,025 8,430 20.0% 2,097 2,374 13.2%




6,293 7,143 13.5% 3,960 4,458 12.6%
7,249 8,291 14.4% 3,464 3,983 15.0%
6,022 6,841 13.6% 12,831 14,559 13.5%
6,240 7,392 18.5%
5,692 6,744 18.5%




49,779 58,189 16.9%




N. Rochelle Mine Surface Modeling 89,500 102,453 14.5% 57,349 64,261 12.1%
  (01-02)




NARM Surface Modeling (05-06) 7,235 8,509 17.6% 2,762 3,088 11.8%
13,260 15,792 19.1%
20,495 24,301 18.6%




SCC Surface Modeling (05-07) 3,068 3,673 19.7%
7,954 9,480 19.2%
7,584 9,111 20.1%
2487 3002 20.7%




21,093 25,266 19.8%




TOTALS 453,909 536,134 18% 95,180 107,344 13%




TABLE MP-1




DRAGLINE TRUCK SHOVEL




SWELL FACTOR STUDY MEASUREMENTS & RESULTS
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4.0 POST-MINE TOPOGRAPHY DESIGN 
 




 Map 12 depicts the projected post-mining topography.  Work on the PMT 




commenced with modeling of Otter Creek pre-mine topographic flight data and geologic 




structure information.  The digital grid file data was used to produce contoured surfaces 




for the current (original) surface topography and top and bottom surfaces of the coal 




seam as well as any parting within the seam.   




Modeling was conducted using QUICKSURF™, a surface modeling software 




package that operates within AutoCAD™.  QUICKSURF™ utilizes three-dimensional 




point and polyline data provided through aerial flights and geologic drilling/logging to 




develop geologic structure and topographic surfaces.  As the mine and reclamation plan 




are developed using 3-D polylines, new surfaces are created with surface-to-surface 




manipulations used to track volume differences and material balance.  




The steps to construct the PMT include development of the pit shell, mine plan 




and backfill projection and the reclamation plan.  The initial step is developing the pit 




shell.  Pit shell models form the basis for all subsequent volumetric analyses.  To 




construct the pit shells, the coal removal limits are draped on the bottom of coal.  The pit 




walls are then effectively projected to the current surface topography using an 




appropriate layback angle.  This work is followed by development of thickness surfaces 




for the overburden, coal seam and parting within the pit shell.  Total volumes of material 




within the pit shell are then modeled to determine total overall volumes for overburden, 




coal, coal waste and parting. 




Once the pit shell and thickness surfaces have been developed, incremental 




advance modeling is used to quantify stripping volumes associated with the coal 




removal sequence.  Each individual year and five-year advance in the sequence are 




modeled by constructing advancing face templates for the advance that represent the 




extent of both dragline and truck shovel stripping necessary for the coal advance.  




Volumes are then determined and tabulated for each lift and for the total stripping 




volume between advances within the pit shell.  The successive modeling produces an 




expanding series of material movement out of the pit shell until the total quantities of 




coal and overburden are removed.  The “face-to-face” volumes for each advance are 




extracted for use in balancing the backfill projection described below.  Coal, parting and 




overburden volumes generated by this methodology are shown in Table 2.   
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Once the incremental stripping advance was complete, the next phase involved 




defining the associated spoil or backfill projection, focusing first on determining the 




associated dragline spoil projection.  Dragline spoil peaks are projected based on the 




dragline operating technique proposed by Otter Creek.  Overall dragline spoil volumes 




are checked for balance per advance using the tabulated quantities from the previous 




task.   




Once dragline spoils have been advanced and balanced, efforts move to locating 




and balancing truck shovel backfill volumes.  The modeling typically requires backfill 




benches, haul-back ramps, coal ramp advances, etc. be constructed for each 




incremental mine advance and volumes modeled and measured in an iterative process 




until a volumetric balance and optimum configuration of backfill benches is achieved.  




The process is then repeated across all mining panels.  Requirements for overburden 




stockpiles will also be determined in this task as well as plans for depleting the 




stockpiles during reclamation operations. 




With spoils projected for the entire mine, the next step is to complete the PMT 




design for the property.  PMT design consists of an iterative process of creating and 




editing three-dimensional polylines, modeling, and obtaining volume measurements for 




balance purposes.  Backfill benches created in the previous task are reduced to 




acceptable slopes that support the post-mine land use.  Edits target the reestablishment 




of through drainages with proper concave gradients and minimized valley floor 




elevations to reduce required fill volumes.  Every effort is made to locally balance cut 




and fill in order to reduce haul distances for material movement while utilizing the most 




economic available borrow sources while targeting pre-mine topographic diversity and 




drainage density. 




The final project mass balance calculation is also provided in Table 2.  The 




material balance is based on modeling the final PMT surface in comparison with the 




original pit shell which serves as the base volume that must be available for the PMT to 




actually be constructed.  Following that void determination, the calculation focuses on 




the available material volumes that will be utilized to build the PMT.  These materials 




include the dragline and truck shovel stripped overburden volumes, the coal waste 




remaining in the pit and the borrow volume to be used.  As shown, the proposed PMT 




matches the available volume to within 1%. 
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Map 12 also contains the comparison of the pre- and post-mine slope and slope 




aspect measurements.  The post-mine slope distribution reveals a fairly significant 




increase in the percent slopes ranging from 0-6% and a corresponding decrease in the 




percent slopes greater than 16%.  Overall, the reduction in steeper slopes is related to 




the existence of deeply incised drainages in the north central portion of the property 




which cannot be recreated in the PMT due to slope stability and erosion considerations.  




 The steeper slopes in the pre-mine topography largely exists due to bedrock 




control which cannot be recreated in backfill areas.  Steeper post-mine slopes (>25% or 




4h:1v) are limited to cut areas along the final highwall where competent material will 




allow for such slopes.  As a result, post-mine average and median slopes are 7.8% and 




6.6% versus pre-mine measurements of 14.5% and 10.6%, respectively.  Slope aspect 




measurements of the pre- and post-mine topographies both show a preponderance of 




west-to-north facing slopes.  Southwest facing slopes are greater in the PMT versus 




slightly more northwest facing slopes in the pre-mine topography, however, this should 




have no effect on the post-mine land use of wildlife and livestock grazing. 
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YEAR 1 YEAR 2 YEAR 3 YEAR 4 YEAR 5 YEARS 6-10 YEARS 11-15 YEARS 16-17 EOM TOTALS




mineable lower coal tons 5,869               6,191               5,768               6,241               6,213               30,376             30,256             10,246             -                       101,161           
parting bcy 1,875               1,818               483                  15                    2,056               14,631             18,482             3,576               -                       42,937             




mineable upper coal tons 14,131             13,809             14,232             13,759             13,787             69,624             69,744             22,431             -                       231,516           
total mineable coal tons 20,000             20,000             20,000             20,000             20,000             100,000           100,000           32,677             -                       332,677           
total mineable coal bcy 18,519 18,519 18,519 18,519 18,519 92,593 92,593 30,256 308,034           




box-cut bcy 39,335             780                  7,710               -                       -                       -                       -                       -                       -                       47,825             
dragline bcy -                       38,430             45,081             40,718             41,912             211,822           227,524           69,371             -                       674,859           
ob>150 bcy 602                  2,674               5,143               9,873               16,125             92,380             97,690             22,064             -                       246,551           




-                       
coal waste lcy 2,305               2,305               2,305               2,305               2,305               11,523             11,523             3,765               -                       38,333             




dragline spoils lcy -                       44,963             52,745             47,640             49,037             247,832           266,203           81,165             -                       789,585           
truck volume lcy 46,830             5,905               14,936             11,075             20,362             119,853           130,113           28,717             -                       377,791           




borrow lcy -                       -                       -                       -                       -                       -                       -                       -                       7,690               7,690               




to OB stockpile lcy 38,600             -                       -                       -                       -                       14,500             -                       -                       -                       53,100             
from OB stockpile lcy -                       -                       -                       -                       -                       -                       -                       12,600             40,500             53,100             




LCY BCY
PMT Surface minus Pit Shell Surface: Original Pit Shell Volume:




Required Fill Volume: 1,220,829        Upper  Lift Coal 238,185
Lower Lift Coal 104,075




Available Fill-Dragline 789,585           Total Coal 342,260           
Available Fill-Truck Shovel 377,791           




Borrow 7,690               Total Overburden:
Coal Waste 38,333             Parting 42,937             




TOTAL 1,213,399        Box-cut 47,825             
Dragline  (<150') 674,859           




Net Difference 7,430               (<1%) Truck Shovel (>150') 246,551           




Total Overburden 1,012,172        




Original Pit Shell Volume 1,354,432        




Coal and Overburden Volumes
OTTER CREEK COAL COMPANY




TABLE 2




MATERIAL BALANCE CALCULATION




(Units x 1000)
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OTTER CREEK MINE 



EXHIBIT 313D:  RECLAMATION OF DRAINAGE BASINS 



1.0 Introduction 



Map 12 – Post-Mining Topography (PMT) shows the reclaimed drainage pattern.  Plate 1 shows 



a comparison of pre-and post-mining drainage divides and drainage areas overlain on pre-mining 



topography.  Table 1 compares pre-and post-mining drainage areas and drainage densities.  



 



As evidenced in Table 1, there are 15 pre-mine drainage basins that will be affected by the Otter 



Creek Mine.  The individual basins range in size from just under 30 acres to over 2100 acres, 



with drainage densities ranging from 1.7 to 12.4 miles per square mile, including first order 



tributaries.  The overall drainage density for the pre-mine topography is 5.80 miles per square 



mile. 



 



The Otter Creek Mine PMT has been designed to closely reflect pre-mine drainage basin 



characteristics.  The 12 post-mine drainage basins range in size from 43 acres to 2138 acres with 



drainage densities ranging from 3.8 to 10.6 miles/sq. mile.  Overall drainage density for the PMT 



is 5.74 miles per square mile which is nearly identical to the pre-mine density.   



 



The largest variation in the comparison of pre- and post-mine drainage basins is the difference in 



basin relief.  Pre-mine basins contain an average relief of nearly 250 feet while post-mine basins 



average slightly less than 210 feet.  The reduction is primarily due to elevation reduction in the 



basins within the PMT disturbance area. 



 



Plate 1 shows comparisons of drainage profiles for both pre-mining and post-mining 



topographies. Each of the post-mine reclaimed channels has been designed to exhibit a concave 



longitudinal profile within the disturbed portion of the drainage as required by ARM 17.24.634.   



 



There are no channels that contain critical hydrologic, ecologic or land use functions such as 



alluvial valley floors, wetlands, steep erosive upland drainages, drainages named on USGS 



topographic maps, or intermittent or perennial streams.  Detailed drainage designs for any 



channel that contains critical hydrologic, ecologic or land use functions will be prepared upon 
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approval of the PMT, if such a channel has been identified during the review process, and prior 



to grading of the subject drainage.  Detailed drainage designs will include fluvial and 



geomorphic characteristics pertinent to specific drainages.   



 



Reclaimed channels will have an overall concave longitudinal profile to promote channel 



stability.  Channel floodplains will typically be a trapezoidal channel with 4h:1v side slopes, 



properly sized to limit runoff velocities to acceptable limits based on post-mine soils and 



vegetation.  Where bankfull channels are present in the pre-mine topography, Otter Creek Coal, 



LLC may provide similar designs based on the 2-year, 24-hour storm event, or will allow the 



bankfull channel to develop naturally, with concurrence from MDEQ.  The resulting designed 



channel (or belt) widths will be used as a guideline during grading.  Actual constructed channel 



widths may vary slightly to mimic and blend with pre-mine, or other relevant drainage 



characteristics. 



 



First order drainage designs will not be submitted to the Department, however, these drainages 



will conform to the approved PMT before soil redistribution, have a concave longitudinal profile 



and a minimum floodplain width of 15 feet. 



 



2.0 ARM 17.24.634 Reclamation of Drainage Basins 



(1) Reclaimed drainage basins, including valleys, channels, and floodplains will be constructed 



to:  



(a) comply with the PMT map (Map 12);  



(b) meet the requirement of approximate original contour;  



(c) exhibit an appropriate geomorphic habit or characteristic pattern consistent with 82-4-



231(10)(k), MCA;  



(d) allow the drainage channel to remain in dynamic equilibrium with the drainage basin system 



without the use of artificial structural controls unless approved by the department;  



(e) provide separation of flow between adjacent drainages and safely pass the runoff from a six-



hour precipitation event with a 100-year recurrence interval, or larger event as specified by the 



department;  
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(f) provide for the long-term relative stability of the landscape. The term "relative" refers to a 



condition comparable to an unmined landscape with similar climate, topography, vegetation and 



land use;  



(g) provide an average channel gradient that exhibits a concave longitudinal profile;  



(h) establish or restore a diversity of habitats that are consistent with the approved post-mining 



land use, and restore, enhance where practicable, or maintain natural riparian vegetation as 



necessary to comply with ARM subchapter 7; and  



(i) exhibit dimensions and characteristics that will blend with the undisturbed drainage system 



above and below the area to be reclaimed and that will accommodate the approved revegetation 



and post-mining land use requirements.  



(2) Any permanent structure placed or constructed within a perennial or intermittent stream will 



be certified by a qualified licensed professional engineer as meeting the performance standards 



and any design criteria specified by the department. 








			1.0 Introduction


			2.0 ARM 17.24.634 Reclamation of Drainage Basins












TABLE 1
OTTER CREEK MINE - EXHIBIT 313D




PRE-MINING BASIN PARAMETERS OF OTTER CREEK TRIBUTARIES




Drainage Drainage Drainage Lowest Highest Maximum Stream Stream Drainage 
Basin Area Area Elevation Elevation Basin Relief Length Length Density




(Acres) (mi2) (ft) (ft) (ft) (ft) (mi) (mi./sq. mi.)




EP1 543.64 0.849 3046 3471 425 32096 6.079 7.16




EP2 212.43 0.332 3053 3347 294 11229 2.127 6.41




EP3 288.51 0.451 3063 3396 333 17996 3.408 7.56




EP4 85.37 0.133 3051 3211 160 2859 0.541 4.06




EP5 649.79 1.015 3071 3534 463 37538 7.109 7.00




EP6 225.54 0.352 3059 3318 259 3086 0.584 1.66




EP7 2103.81 3.287 3079 3625 546 90564 17.152 5.22




EP8 38.13 0.060 3092 3234 142 3149 0.596 10.01




EP9 49.97 0.078 3118 3260 142 2333 0.442 5.66




EP10 115.55 0.181 3069 3270 201 5575 1.056 5.85




EP11 120.74 0.189 3078 3310 232 3468 0.657 3.48




EP12 316.95 0.495 3086 3452 366 15774 2.988 6.03




EP13 26.98 0.042 3090 3242 152 2752 0.521 12.36




EP14 27.58 0.043 3138 3252 114 1696 0.321 7.45




EP15 658.08 1.028 3113 3537 424 33315 6.310 6.14




TOTAL 5463.07 8.54 263,430 49.89 5.84




OTTER CREEK MINE
POST-MINING BASIN PARAMETERS OF OTTER CREEK TRIBUTARIES




Drainage Drainage Drainage Lowest Highest Maximum Stream Stream Drainage 
Basin Area Area Elevation Elevation Basin Relief Length Length Density




(Acres) (mi2) (ft) (ft) (ft) (ft) (mi) (mi./sq. mi.)




EP1 429.55 0.671 3046 3296 250 21741 4.118 6.13




EP2 265.28 0.415 3053 3296 243 13928 2.638 6.36




EP3 72.05 0.113 3063 3253 190 2235 0.423 3.76




EP4 946.34 1.479 3051 3601 550 45602 8.637 5.84




EP5 0.000 0 0.000 0.00




EP6 243.43 0.380 3060 3243 183 10891 2.063 5.42




EP7 2137.50 3.340 3079 3625 546 88047 16.676 4.99




EP8 43.36 0.068 3092 3260 168 3783 0.716 10.58




EP9 51.94 0.081 3118 3271 153 2391 0.453 5.58




EP10 63.73 0.100 3069 3271 202 3439 0.651 6.54




EP11 115.27 0.180 3078 3271 193 6857 1.299 7.21




EP12 284.74 0.445 3086 3261 175 15182 2.875 6.46




EP13 0.000 0 0.000 0.00




EP14 0.000 0 0.000 0.00




EP15 793.53 1.240 3113 3611 498 43722 8.281 6.68




TOTAL 5446.72 8.51 257,818 48.83 5.74
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Otter Creek Mine Exhibit 313D
Data Dictionary:
Post Mine Topography and Drainages
LAYER NAME LAYER DESCRIPTION
_TB-BDR Title Block Border




0 XREF
basin-PMT-watershed PMT Watershed
BORDER
cont Contour
cont_10 Contour 10 foot interval
cont_100 Contour 100 foot interval
cont_20 contour 20 foot interval
cont_50 contour 50 foot interval
DEFPOINTS
fg_fl
fg_glim
fl_og
M - Mining Boundary Mine Area (legend)
M - PERMIT BOUNDARY Permit Area (legend)




M - Sub Basin for Sediment Modeling Not Used




Reference Boundaries|_TB-BDR XREF
Reference Boundaries|BR XREF
Reference Boundaries|CP-SLOPE 
DART




XREF




Reference Boundaries|G XREF
Reference Boundaries|M - Mining 
Boundary




XREF




Reference Boundaries|M - Mining 
Cuts




XREF




Reference Boundaries|M - PERMIT 
BOUNDARY




XREF




Reference Boundaries|O XREF
Reference Boundaries|SECT-LINE XREF
Reference Boundaries|SECT-LINE-T XREF
Reference Boundaries|SECT-T-R XREF
Reference Boundaries|T XREF
Reference Boundaries|TRACT 
BOUNDARY




XREF




Reference Boundaries|TRACT 
BOUNDARY TEXT




XREF




Reference Boundaries|W XREF
T-BLOCK
T-BORDER
T-LOG0-BLUE
T-LOGO-CYAN
TEXT
TRACT BOUNDARY
VIEWPORT




"M -" stand for Mining layer




Exhibit 313D_Otter Creek Mine Data Dictionary.xlsx
Page 1 of 1
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OTTER CREEK MINE 



EXHIBIT 313E:  SOIL HANDLING  



1.0 Introduction 



Baseline Report 304L – Soils Report, describes detailed soil survey information for Tract 2 



which includes the mine area.  The report includes a soils map, mapping unit descriptions, 



analytical data by soil horizon, factors limiting suitability for use in reclamation, and 



recommended salvage depths for topsoil and subsoil horizons for each soil series mapped.  Plate 



1 is a Soil Salvage Map showing recommended salvage depths and soil volumes in the area to be 



affected by mining.  The total soil volume available is 15.1 million bank cubic yards, or 



sufficient volume to replace an average of 35.5 inches of soil over the approximately 3200 acres 



to be affected by mining, assuming a bulking or swell factor of 5 percent.  Actual topsoil salvage 



and replacement depths will vary according to site topography and the type of reclamation 



prescribed for any given area.  Actual soil depths and volumes will be compared to the baseline 



model to monitor soil recovery trends. 



 



Topsoil (1
st
 Lift) in most areas will be salvaged to a depth of 12 inches, except for badland/rock 



outcrops in which soils will not be salvaged due to poor soil quality and steep slopes.  Shallow 



soil areas such as ridges, shoulders and slopes are common, particularly in the northern portion 



of the mine plan area.  Salvage in such areas will be discretionary depending on the presence of 



usable soil and slopes where salvage equipment can operate safely.  All usable topsoil that can be 



collected safely will be salvaged.  Subsoil (2
nd



 Lift) salvage depths range from 0 on slopes and 



ridges to 36 inches on swales and terraces. 



 



As noted in Baseline Report 304H – Overburden Analysis, and Exhibit 313C – Backfilling and 



Grading, graded spoils are expected to exhibit moderately sodic and/or saline properties in some 



areas to be identified through backfill soil testing (Exhibit 313F – Soil Testing Plan).  The 



available combined topsoil and subsoil depth will be adequate to mitigate these overburden 



properties similar to pre-mining conditions.  If soil availability is limited by the salvage 



limitations noted above, supplemental material from spoil storage will be utilized.  Stored spoils 



will originate from the box cut in the southern portion of the mine plan (Exhibit 313C – 



Backfilling and Grading) represented by overburden drill holes 1101, 1102, 1117, 1118, 1119, 
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1120 and 1121, which include very little sodic material (Baseline Report 304H – Overburden 



Analysis). 



 



2.0 ARM 17.24.701 Removal of Soil 



(1) Prior to any surface disturbance by the mining operation, and after the removal of vegetation 



that would interfere with soil removal and use, all soil suitable for reclamation use will be 



removed.  



(2) Otter Creek Coal, LLC (OCC) will use a multiple-lift soil handling method consisting of the 



separate handling of topsoil (A, E, and possibly upper B or C horizons) and subsoil (underlying 



B and C horizons) during salvage, stockpiling, and redistribution. Shallow soils where the total 



recommended salvage thickness is one foot will be salvaged in a single lift.  



(3) Undisturbed soils will be protected to the extent possible from contamination and degradation 



and soil salvage operations will be conducted in a manner and at a time that minimizes erosion, 



contamination, degradation, compaction, and deterioration of the biological properties of the soil.  



(4) Soil removal is not required for minor disturbances at small sites such as power poles, signs, 



or fences or where operations will not destroy vegetation and cause erosion. 



 



3.0 ARM 17.24.702 Redistribution and Stockpiling of Soil 



(1) After salvage, soil will be immediately redistributed according to the requirements of (5) and 



(6) on areas graded to the approved post-mining topography.  



(2) Salvaged soil will be stockpiled if graded areas are not immediately available for 



redistribution, such as during initial pit development. Soil stockpiles are shown on Map 8 – Mine 



Plan, and are located where they will not be disturbed by mining operations and will mitigate 



losses to wind or water erosion.  Compaction, contamination, and degradation of stockpiles will 



be minimized through stockpile segregation and minimal handling.  Stockpiled soil will not be 



rehandled until replaced on graded areas, unless authorized by the Montana Department of 



Environmental Quality (MDEQ).  



 (3)(a) Inactive soil stockpiles will be seeded or planted with an effective cover of non-noxious, 



quick-growing, annual and/or perennial plants during the first normal period favorable for 



planting.  Please refer to Exhibit 313G – Revegetation Plan. 
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(b) Active stockpiles or stockpiles that will be used within one year will not be seeded. However, 



other measures will be taken as necessary to minimize erosion.  



(4) Prior to redistribution of soil or soil substitutes, graded areas will be:  



(a) sampled and analyzed to determine the physicochemical nature of the surficial spoil material; 



please refer to Exhibit 313F – Soil Testing Plan; 



(b) scarified on the contour to a minimum 12-inch depth, unless otherwise approved by MDEQ.  



(5) OCC will, during and after redistribution, prevent, to the extent possible, spoil and soil 



compaction, protect against soil erosion, contamination, and degradation, and minimize the 



deterioration of the biological properties of the soil.  



(6) Soil will be redistributed in a manner that achieves thicknesses consistent with soil resource 



availability and appropriate for the post-mining vegetation, land uses, contours, and surface 



water drainage systems.  



(7) Redistributed soil will be reconditioned by subsoiling or other appropriate methods approved 



by MDEQ.  Soil reconditioning will be done on the contour, whenever possible consistent with 



safety requirements. 



 



4.0 ARM 17.24.703 Substitution of Other Materials for Soil 



(1) OCC does not at this time propose utilization of soil substitute material.  As noted above, 



spoil placed into storage from the south box cut area is expected to be suitable for use as 



supplemental fill prior to soil replacement if this proves to be necessary.  Any proposal to utilize 



this material as a soil substitute will follow the requirements of this subsection: 



(a) OCC will submit a demonstration that the stored spoil material is at least as capable as the 



soil of supporting the approved vegetation and post-mining land use.  



(b) The medium will be the best available in the permit area to support revegetation.  



(2) Any soil substitutes will be handled consistent with ARM 17.24.701 and 17.24.702. 
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OTTER CREEK MINE 



EXHIBIT 313F:  SOIL TESTING PLAN 



1.0 Introduction 



This exhibit addresses the soil testing and monitoring requirements of ARM 17.4 313(1)(g)(iv), 



ARM 17.4 313(1)(g)(xi), ARM 17.24.702(4)(a) and ARM 17.24.723.  The soil monitoring plan 



is designed to document quality of graded spoils and identify any areas requiring supplemental 



stored overburden fill prior to soil redistribution and the specific quality parameters of 



redistributed soil.   



 



2.0 Monitoring of Graded Spoils 



Prior to soil redistribution, graded spoil will be sampled at a density of one sample for each five 



acre block.  Spoil samples will be collected to a depth of three feet, and analyzed for texture, pH, 



electrical conductivity (EC), percent saturation, sodium adsorption ratio (SAR) and nitrate to 



meet the Montana Department of Environmental Quality (MDEQ) suitability requirements.  For 



any five acre block sample showing an unsuitable parameters, that parameter will be resampled 



to determine the extent of the unsuitable zone by equally spacing nine additional sample holes in 



that five acre block.  A riffle splitter or equivalent method will be used to composite the nine 



sample holes.  If the five acre panel still tests as unsuitable, the unsuitable material will be 



removed and replaced or it will be capped with other more suitable material and an additional 



sample will be analyzed prior to soil redistribution.  If the sampled parameter is marginal, 



revegetation monitoring may be utilized along with soil augmentation if necessary.  Spoil 



sampling results will be compiled and reported annually. 



 



3.0 Monitoring of Replaced Topsoil 



Direct placed soil will not require sampling.  Replaced soil from stockpiles will be sampled at a 



density of one sample for each five acre block.  Soil depth stakes will be utilized during soil 



redistribution operations to ensure proper placement depths.  Soil replacement depths will be 



reported annually.  Each topsoil and subsoil sample will be analyzed for texture, pH, EC and 



nitrate to meet MDEQ suitability requirements listed in Table 5 of Baseline Report 304L – Soils.  



If problem soils are identified, the results will be provided to the department along with proposed 



mitigation measures.  Results will be compiled and reported annually. 
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4.0 ARM 17.24.723 Monitoring 



(1) Otter Creek Coal, LLC (OCC) will conduct soils monitoring under plans described herein. 



(2) The data and a narrative interpretation thereof will be submitted annually.  Detail of the 



narrative interpretation will be determined in consultation with the department. 



(3) If the data indicate that corrective measures are necessary, the OCC will implement 



corrective measures to comply with permit requirements.  Any problem materials will be 



mitigated utilizing MDEQ approved methods. 



(4) OCC may request MDEQ’s approval to revise or discontinue a monitoring program with 



proper documentation that adverse impacts have not occurred and are unlikely to occur and 



mitigation measures are effective.  
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1.0 INTRODUCTION 



This revegetation plan is designed to establish a vegetative cover that is: 



 diverse, effective and permanent; 



 composed of native species or as approved by the Department; 



 equal in cover to natural vegetation in the area; and  



 capable of stabilizing the soil surface. 
 



Reestablished vegetation will: 
 



 be compatible with the approved post-mine land use; 



 have the same seasonal growth characteristics as original vegetation; 



 be capable of self-regeneration and succession; 



 be compatible with plant and animal species of the area; 



 meet the requirements of applicable seed, poisonous and noxious weeds, and 
introduced species regulations. 
 



Reestablished vegetation will be appropriate to the post-mine land use, in that: 



 grazing land and pastureland/cropland (hay) will provide post-mine livestock stocking 
rates equal to or greater than pre-mine rates; 



 fish and wildlife habitat, forestry and recreation are not post-mine land uses, however, 
wildlife enhancement features (WHEF) will be incorporated to benefit wildlife habitat. 



 



2.0 PRE- AND POST-MINING LAND USES (17.24.313(1)(a); 17.24.762) 



Pre-mining land uses are discussed in Baseline Report 304M – Pre-Mining Land Use. 



Post-mine land uses will be grazing land for livestock and pastureland/cropland (hay) as outlined in 82-4-
203 and 82-4-232 MCA and discussed in Exhibit 313A – Post Mining Land Use.  No alternative postmine 
land use is proposed.  Post-Mining Land Use/Revegetation Specifications have been developed to 
provide details for reclaiming mine areas to specific post-mining land uses and revegetation types.  
These specifications appear in Appendix 313G-1 - Post-Mining Land Use/Revegetation Specifications. 



 



3.0 SEEDING/PLANTING 



3.1 Permanent Revegetation Seed Mixtures  



Vegetation community types identified in the Otter Creek vegetation baseline study area include:  
Grassland (cool season and warm season), Special Use Pasture, Shrub/Grassland, Breaks, Ponderosa 
Pine-Juniper Forest and Savannah, and Drainage Bottom.  Proposed permanent post-mining 
revegetation seed mixtures include the following: 
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Permanent Post-Mining  
Revegetation Mixtures 



Number of 
Mixtures 



Grazing Land – Grassland  
 Cool Season Grassland 1 
 Warm Season Grassland 1 
Pastureland/Cropland (Hay) 1 
Wildlife Enhancement Features  
 Upland Shrub 3 
 Breaks/Badlands 1 
 Upland Tree 2 
 Riparian/Wetland 3 
 TOTAL 12 



 



Seed mixes are shown on Table 1 and are summarized as follows: 



Cool Season Grassland:  Basic grass and forb mix. 



Warm Season Grassland:  Basic grass and forb mix. 



Pastureland/Cropland (Hay):  Introduced grass and legume mix. 



Upland Shrub Silver Sagebrush Cool Season Grassland:  Cool season grassland at 50 percent 
seeding rate plus shrubs. 



Upland Shrub Big Sagebrush Cool Season Grassland:  Cool season grassland at 50 percent 
seeding rate plus shrubs. 



Upland Shrub Big Sagebrush Warm Season Grassland:  Warm season grassland at 50 percent 
seeding rate plus plus shrubs. 



Breaks / Badlands: Specialty grass and shrub mix. 



Upland Tree Cool Season:  Cool season grassland at 50 percent seeding rate with tree planting. 



Upland Tree Warm Season:  Warm season grassland at 50 percent seeding rate with tree 
planting. 



Herbaceous Riparian:  Specialty mix. 



Woody Riparian:  Herbaceous riparian at 50 percent seeding rate with tree planting. 



Herbaceous Wetland:  Specialty mix. 



 



A correlation of pre-mining community types with permanent post-mining revegetation mixtures is 
presented in Table 2.  The location of permanent post-mining revegetation mixtures is shown on Plate 1. 
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Proposed permanent revegetation mixtures are compatible with post-mining land uses (Grazing Land 
and Pastureland/Cropland (Hay) and anticipated site conditions (topography, aspect, slope, soils); have 
similar species composition and seasonality of pre-mining vegetation communities; are capable of self-
regeneration and succession; are compatable with plant and animal species in the area; and meet 
requirements of applicable seed, poisonous and noxious weeds, and introduced species regulations. 



Seed mixtures are native with the exception of the Pastureland/Cropland (Hay) which is made up of 
non-native grasses and legumes.  Seed mixtures can be expected to provide a diverse, effective, and 
permanent vegetative cover that is capable of stabilizing the post-mining soil surface. 



Seed that is genotypically and phenotypically adapted to the project area and from within the Northern 
Great Plains will be used when commercially available in sufficient quantity and acceptable quality.  
Seeding rates have been calculated on a Pure Live Seed (PLS) basis.  Purity and germination rates will be 
documented.  All seed will be noxious weed-free. 



3.2 Seeding and Planting Rates 



Permanent revegetation mixtures are presented in Appendix 313G-1, Post-Mining Land Use/ 
Revegetation Specifications.  Seeding and planting rates are summarized by mixture in Table 1.  Grasses, 
forbs, and shrubs will be seeded; trees will be planted.  In mixtures containing shrubs, grass and forb 
seeding rates are reduced by 50 percent; grass and forb and shrub mixtures will be seeded together 
using a broadcast drop seeder.  Where grasses are drill seeded they will be applied separately from 
shrubs to alleviate herbaceous competition and promote the establishment of shrubs.  Shrubs will 
generally be broadcast-seeded.  Seed application rates are given on a per square foot basis in Appendix 
313G-1. 



Post-mining tree planting rates are based on pre-mine densities of trees greater than four inches dbh 
(diameter at breast height), adjusted for an anticipated survival rate of 50 percent.   



3.3 Seeding and Planting Methods 



Seedbed Preparation 



Soils will be prepared for seeding by subsoil or chisel plowing to relieve compaction, and disking or culti-
packing to prepare a firm seedbed. 



Seeding 



Both broadcast and drill seeding will be used.  Drill seeding will be used wherever equipment can safely 
negotiate the terrain, and will be conducted on the contour whenever practicable.  Seeding depth will 
generally be ¼ to ½-inch.  A rangeland drill, broadcast drop seeder or comparable equipment will be 
used. 



Broadcast seeding will be conducted for all shrubs, on slopes exceeding 33 percent, and on areas with 
high coarse fragment content.  Seed will be broadcast using manually or mechanically-operated cyclone-
type bucket spreaders or a drop-seeder.  On small or hard-to-access sites, hand raking will be used to 
cover seed. 
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Hydroseeding may be utilized on a limited basis.  If hydroseeding is used, seed, mulch and tackifier will 
be applied using manufacturers recommended rates and procedures.  



Planting 



Tree planting stock will consist of tubelings.  Trees will be planted at densities specified in Table 2, 
Appendix 313G-1 and summarized below: 



 



Permanent Revegetation Mixture Total Trees Tree Planting Pattern 



Upland Tree – Cool Season 275 1 tree on 12.5’ centers 
Upland Tree – Warm Season 225 1 tree on 14’ centers 
Woody Riparian 250 1 tree on 13’ centers 



 



3.4 Interim Revegetation 



Operational disturbances such as soil stockpiles, sediment control structures, and roadsides will be 
stabilized using the following native Interim mixture: 



 



   Broadcast Seeding Rate
1
 



Species Common Name Variety Pounds 
PLS/Acre 



PLS/sq.ft. 



GRASSES:     



Agropyron smithii Western wheatgrass Rosana 10  25 



Agropyron trachycaulum Slender wheatgrass Pryor  4  14 



Stipa viridula Green needlegrass Lodorm 10  40 



  TOTAL 24  79 



      1If drill seeding is used, the rate will be halved. 



 



The Interim revegetation mixture may be broadcast, drilled, or hydroseeded, depending on site 
condition. 



3.5 Seeding and Planting Periods 



Seeding 



Seeding will be coordinated with other reclamation activities to occur as soon after seedbed preparation 
as possible.  Fall seeding (early to mid-October – late-November) is preferred, based on climatic 
considerations, local soil moisture patterns, and germination requirements of selected species.  When 
soil moisture conditions are suitable, late summer/ early fall seeding (mid-August to mid-October) may 
be employed, particularly for warm season mixes.  Spring seeding (early-April up to mid-June) will be 
practiced if areas are ready for revegetation, climatic conditions are acceptable, and access is possible.  
Interim revegetation of sites to be stabilized prior to permanent revegetation such as sediment control 
structures or topsoil stockpiles will be conducted as soon after their construction as possible. 



Planting 



Trees will be planted concurrently with other reclamation activities in the fall or spring. 
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4.0 HUSBANDRY PRACTICES, SOIL STABILIZATION AND MANAGEMENT 



4.1 Cover/Nurse Crops (17.24.313)(1)(h)(vii); 17.24.714) 



In accordance with NRCS recommendations (NRCS Plant Materials Technical Note No. WY-14, Seedbed 
Preparation and Seeding Technical Note, March 2008), nurse crops (companion crops) will not be 
included with perennial grass/forb seed mixtures since nurse crops provide unwanted competition and 
will typically reduce stand establishment and forage yield of desired species. 



Cover crops, which may include cereal grains, annual ryegrass, or sterile hybrids of cereal grains, may be 
seeded as necessary for erosion control when seeding of perennial mixtures will be delayed until the 
next appropriate season.  Other erosion control measures (mulching, tackifying, watering to form a soil 
crust, etc.) may be used in lieu of a cover crop depending on factors such as acreage, field conditions, or 
location (proximity to drainages, accessibility, etc.). 



4.2 Mulching (17.24.313(1)(h)(vii) and (viii); 17.24.714; 17.24.718) 



Straw mulch may be applied as necessary to steeper slopes (generally slopes >33 percent where rock 
cover does not provide adequate erosion control), longer slopes with erosive soils, and other locations 
where necessary to reduce soil loss and prevent off-site sedimentation.  Hydromulch may be used in lieu 
of straw mulch on some sites such as rail loop cut/fill slopes, steeper slopes that are not safely 
negotiable by equipment, and areas too small for equipment to operate.  As discussed above, mulching 
is also an option where interim erosion control is necessary. 



Where utilized, mulch will be certified noxious weed seed-free cereal grain straw.  Straw will be crimped 
on the contour, or will be dozer-tracked with tracked grousers perpendicular to the slope. 



Hydromulch and tackifier will be applied at a rate to produce a uniform mat on the ground at rates 
recommended by the manufacturer.  Fibers will be dyed to facilitate visual metering. 



4.3 Fertilization (17.24.313(i)(h)(viii)) 



Fertilization of revegetated areas is not planned.  Fertilization may be used as a management measure in 
the event vegetation monitoring indicates a soil nutrient deficiency, and the deficiency is confirmed by 
soil testing.   



4.4 Grazing and Other Land Use Practices (17.24.718(3)) 



Reclamation land use practices including, but not limited to, grazing, haying, or herbicide applications, 
will not be conducted in a manner or at a time that interferes with the establishment and/or persistence 
of revegetation or other reclamation requirements.  Grazing and haying will not be conducted until at 
least two growing seasons after seeding.  In most cases grazing and mowing will not occur until 
sufficient area is available for a logical management unit. 



The treatment of noxious weeds using herbicides will be conducted in a manner that minimizes impacts 
to seeded/volunteer forbs and shrubs and woody species plantings. 
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4.5 Repair of Rills and Gullies (17.24.721) 



Rills or gullies that disrupt approved post-mining land use, establishment of vegetation, or potentially 
cause or contribute to a violation of water quality standards outside of the permit area will be filled, 
graded or otherwise stabilized.  Minor erosional features and small eroded areas will constitute normal 
conservation practices; a plan will be prepared in consultation with the department to mitigate areas of 
extensive rill and gully formation. 



4.6 Noxious Weed Management (17.24.716(4)) 



Noxious weeds will be managed in accordance with Exhibit 308E – Noxious Weed Management Plan. 



 



5.0 EQUIPMENT (17.24.313(1)(h)(xii)) 



Reclamation equipment will include: 



tractors (rubber tired and/or tracked) 
rangeland-type drill seeder 
drop-type seeder 
disk  
harrow 
cultipacker 
plow (subsoil plow, chisel plow,disk plow or other type depending on site conditions) 
mulch spreader 
mulch crimper 
hydroseeder/mulcher 



Standard reclamation equipment will be maintained at the mine.  Specialized or occasionally used 
equipment, e.g. hydroseeder/mulcher, may be leased as needed or subcontracted.  Other reclamation 
equipment, such as mechanical or manual broadcast seeders will be obtained as necessary. 



 



 



6.0 SCHEDULE (17.24.313(1)(h)(ii), (vi); 17.24.313) 



Seeding and planting will be conducted during the first appropriate period after final seedbed 
preparation unless a variance is approved by the department.  Primary seeding and planting periods are 
early-April to mid-May in the spring, and mid-October to late-November in the fall, with shoulder 
seasons extending to mid-June in spring and beginning in mid-August in fall depending on soil poisture 
conditions. 
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7.0 MONITORING (17.24.723(1-4)) 



Otter Creek Coal will conduct periodic monitoring of vegetation, soils and wildlife under plans submitted 
to MDEQ pursuant to ARM 17.24.312(1)(d), ARM 17.24.313(1)(f)(iv) and (1)(g)(ix), and with 
consideration of the approved postmine land use.  The scope of monitoring studies will be negotiated 
with MDEQ.  Monitoring data and a narrative interpretation will be submitted on a schedule and in a 
manner approved by MDEQ.  If data indicate that corrective measures are necessary, such measures will 
be proposed, and implemented upon MDEQ approval.  Otter Creek Coal may request revisions to, or 
discontinuation of, a monitoring program in consultation with MDEQ if it is documented that adverse 
impacts are unlikely to occur or mitigative measures have been effective. 



 



8.0 REVEGETATION SUCCESS CRITERIA (17.24.724; 725; 726) 



Success of revegetation will be determined by comparison with technical standards that are 
representative of vegetation and related site characteristics occurring on lands with good ecological 
integrity.  Reference areas are not proposed.  Technical standards will be determined in consultation 
with MDEQ after review of the revegetation plan.  Technical standards will be derived from a 
combination of sources, with MEDQ consultation, including: 



(a) historical data that encompasses the typical range in climatic variation in the mine area, 
including premine baseline data; and/or 



(b) data generated from the revegetated area that are representative of the range of climatic 
conditions at the time of sampling; and/or 



(c) pertinent USDA or USDI publications. 



Standard and consistent field and laboratory methods will be used to obtain vegetation production, 
cover, diversity, density and utilization data, and to compare these data to technical standards specific 
to the Otter Creek Mine.  Sample adequacy will be demonstrated using the reverse-null hypothesis.  
Production, cover and density standards will be achieved when revegetation data are equal to or greater 
than 90 percent of the technical standard with a 90 percent statistical confidence, using an appropriate 
one-tail test with 10 percent alpha error. Prior to sampling for a request for bond release, Otter Creek 
Coal will discuss its proposed sampling approach with MEDQ, and obtain agency concurrence with 
sampling design. 



The period of responsibility under the performance bond begins after the last seeding, planting, 
fertilizing, irrigating or other activity related to vegetation establishment.  Application for phase III bond 
release will not be submitted prior to the end of the tenth growing season, however phase III sampling 
may be initiated following six complete growing seasons. 



Vegetation will meet the performance standards for at least two separate years (growing seasons) prior 
to application for phase III bond release.  Revegetation will meet requirements of the Noxious Weed 
Management Act. 
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OTTER CREEK MINE EXHIBIT 313G APPENDIX 
POST‐MINING LAND USE / REVEGETATION SPECIFICATIONS 




NAME:  GRAZING LAND – COOL‐SEASON GRASSLAND




CODE:  GL‐CSG 




DESCRIPTION:  Pre‐mining cool‐season grassland used for cattle grazing comprises 
about 33 percent of the mine area and will be a major post‐mining land 
use/revegetation type.  Pre‐mining composition is: 
 




Species 
Percent 
Cover 




Western wheatgrass  23 




Bluebunch wheatgrass  2 




Threadleaf sedge  9 




Prairie junegrass  2 




Sandberg’s bluegrass  1 




Needle‐and‐thread  11 




Green needlegrass  4 




Blue grama  6 
 




Pre‐mining cool‐season grassland dominated by western wheatgrass and 
green needlegrass on moderately deep to deep silty to loamy soils. 




LOCATION:  Pre‐mining distribution of cool‐season grassland is shown on Plate 1 in Baseline Report 304J; post‐mining location of GL‐CSG 
is shown on Plate 1, Exhibit 313G. 




RECLAMATION 
GOALS: 




• Establish self‐sustaining native grasses and forbs suitable for livestock grazing
• Minimize erosion by implementing appropriate BMPs 
• Achieve revegetation success criteria for cover, production and diversity as specified in Revegetation Plan 
• Incorporate wildlife habitat enhancement features 
• Manage noxious weeds in accordance with Exhibit 308E. 




SPOIL HANDLING:  Spoil surfaces will be scarified on the contour.




SOIL 
REDISTRIBUTION: 




A horizon: 6‐12 inches 
Subsoil (B/C) horizons:  12‐24 inches 
 
Soil will be redistributed to achieve a total thickness (topsoil plus subsoil) of 18 to 36 inches.  Thickness will vary within GL‐
CSG to increase diversity within the type. 




AMENDMENTS:  Fertilizer:  Fertilizer will be applied only if monitoring indicates and testing confirms soil  nutrient deficiencies.




EROSION 
CONTROL: 




Mulch or other erosion control measures will be applied as necessary on slopes >33% and on areas where sheet erosion, 
rilling or gullying is expected or occurring. 




SEEDBED 
PREPARATION: 




Seedbeds with established annual grasses or forbs will be tilled or chemically treated prior to seeding.  Seedbeds will be firm 
but not compacted. Redistributed soil will be disked, chisel‐plowed or ripped depending on degree and depth of compaction.  




SEEDING 
METHOD: 




Since PMT slopes in this type are mostly gentle to moderate, drill seeding on the contour will be used in most situations. 
Broadcast seeding will be used on steeper slopes. 
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OTTER CREEK MINE EXHIBIT 313G APPENDIX 
POST‐MINING LAND USE / REVEGETATION SPECIFICATIONS 




SEED MIXTURE 
AND RATE: 




 




Otter Creek Coal 
Grazing Land ‐ Cool Season Grassland Revegetation Mixture 




SEEDING RATE2 




SPECIES  COMMON NAME  PREFERRED VARIETY1 




Pounds 
PLS/Acre 




  
PLS/ 
Sq.ft. 




GRASSES:                




Agropyron smithii  Western wheatgrass  Rosana  2.00  /  4 




Agropyron spicatum  Bluebunch wheatgrass  Goldar  1.50  /  4 




Agropyron trachycaulum  Slender wheatgrass  Pryor  0.50  /  2 




Bouteloua gracilis  Blue grama  Bad River  0.30  /  6 




Koeleria cristata  Prairie junegrass  Site adapted  0.10  /  5 




Poa sandbergii  Sandberg’s bluegrass  High Plains  0.20  /  5 




Stipa comata  Needle‐and‐thread  Site adapted  1.50  /  4 




Stipa viridula  Green needlegrass  Lodorm  1.50  /  6 




      SUB‐TOTAL GRASSES:  7.60  /  36 




FORBS: 




Achillea millefolium  Yarrow  Great Northern  0.01  /  1 




Artemisia ludoviciana  Cudweed sagewort  Site adapted  0.01  /  1 




Dalea purpurea  Purple prairie‐clover  Site adapted  0.50  /  2 




Liatris punctata  Dotted blazingstar  Site adapted  0.40  /  1 




Linum lewisii  Blue flax  Site adapted  0.05  /  1 




Ratibida columnifera  Prairie coneflower  Site adapted  0.10  /  2 




Sphaeralcea coccinea  Scarlet globemallow  Site adapted  0.10  /  1 




      SUB‐TOTAL FORBS:  1.17  /  9 




     




TOTAL  8.77  /  45 




1Site adapted seed originates from within the Northern Great Plains region. 
2Based on a drill seeding rate of approximately 45 Pure Live Seeds (PLS) per square foot.  Where broadcast  
  seeding is used, the rate will be doubled. 
NOTE:  Species or rates may be revised based on commercial availability or site‐specific 
conditions. 
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OTTER CREEK MINE EXHIBIT 313G APPENDIX 
POST‐MINING LAND USE / REVEGETATION SPECIFICATIONS 




NAME:  GRAZING LAND – WARM‐SEASON GRASSLAND




CODE:  GL‐WSG 




DESCRIPTION:  Pre‐mining warm‐season grassland used for cattle grazing comprises 
about 8 percent of the mine area and will be a major post‐mining land 
use/revegetation type.  Pre‐mining composition is: 
 




Species 
Percent 
cover 




Little bluestem  12 




Sideoats grama  4 




Blue grama  3 




Prairie sandreed  3 




Plains muhly   1 




Western wheatgrass  2 




Bluebunch wheatgrass  4 




Threadleaf sedge  5 




Prairie junegrass  2 




Sandberg’s bluegrass  <1 




Needle‐and‐thread  7 




Green needlegrass  1 
 




Typical pre‐mine warm season grassland on upper slope.




LOCATION:  Warm‐season grassland occurs predominantly in the northeastern portion of the mine area (Plate 1 in Baseline Report 304J); 
post‐mining location of GL‐WSG is shown on Plate 1, Exhibit 313G. 




RECLAMATION 
GOALS: 




• Establish self‐sustaining native grasses and forbs suitable for livestock grazing
• Minimize erosion by implementing appropriate BMPs 
• Achieve revegetation success criteria for cover, production and diversity as specified in Revegetation Plan 
• Incorporate wildlife enhancement features 
• Manage noxious weeds in accordance with Exhibit 308E 
• Reestablish warm‐season grass component in the post‐mining landscape. 




SPOIL HANDLING:  Spoil surfaces will be scarified on the contour.




SOIL 
REDISTRIBUTION: 




A horizon: 6‐12 inches 
Subsoil (B/C) horizons:  12‐24 inches 
 
Soil will be redistibuted to achieve a total thickness (topsoil plus subsoil) of 18 to 36 inches.  Thickness will vary within GL‐
WSG to increase vegetative diversity within the type. 




AMENDMENTS:  Fertilizer:  Fertilizer will be applied only if monitoring indicates and testing confirms soil nutrient deficiencies.




EROSION 
CONTROL: 




Mulch or other erosion control measures will be applied as necessary on slopes >33% and on areas where sheet erosion, 
rilling or gullying is expected or occurring. 




SEEDBED 
PREPARATION: 




Seedbeds will be firm but not compacted.  Redistributed soil will be disked, chisel‐plowed or ripped depending on degree and 
depth of compaction.   




SEEDING 
METHOD: 




Since PMT slopes in this type will vary considerably from gentle to steep, drill or broadcast seeding may be conducted based 
on slope and other factors. 
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OTTER CREEK MINE EXHIBIT 313G APPENDIX 
POST‐MINING LAND USE / REVEGETATION SPECIFICATIONS 




SEED MIXTURE 
AND RATE: 




Otter Creek Coal 




Grazing Land ‐ Warm Season Grassland Revegetation Mixture 
SEEDING RATE2 




SPECIES  COMMON NAME  PREFERRED VARIETY1 
Pounds 
PLS/Acre 




  
PLS/ 
Sq.ft. 




GRASSES:                




Agropyron smithii  Western wheatgrass  Rosana  1.50  /  3 




Agropyron spicatum  Bluebunch wheatgrass  Goldar  1.00  /  3 




Agropyron trachycaulum  Slender wheatgrass  Pryor  0.50  /  2 




Andropogon scoparius  Little bluestem  Badlands  1.00  /  6 




Bouteloua curtipendula  Sideoats grama  Pierre  1.25  /  6 




Bouteloua gracilis  Blue grama  Bad River  0.20  /  4 




Calamovilfa longifolia  Prairie sandreed  Bowman  0.60  /  4 




Poa sandbergii  Sandberg’s bluegrass  High Plains  0.20  /  5 




Stipa comata  Needle‐and‐thread  Site adapted  1.00  /  3 




      SUB‐TOTAL GRASSES:       7.25  /  36 




FORBS: 




Achillea millefolium  Yarrow  Great Northern  0.01  /  1 




Artemisia frigida  Fringed sagewort  Site adapted  0.01  /  1 




Dalea purpurea  Purple prairie‐clover  Site adapted  0.50  /  2 




Echinacea angustifolia  Purple coneflower  Site adapted  0.50  /  1 




Gaillardia aristata  Blanket‐flower  Site adapted  0.30  /  1 




Liatris punctata  Dotted blazingstar  Site adapted  0.40  /  1 




Ratibida columnifera  Prairie coneflower  Site adapted  0.10  /  2 




      SUB‐TOTAL FORBS:  1.82  /  9 




TOTAL  9.07  /  45 




1Site adapted seed originates from within the Northern Great Plains region. 
2Based on a drill seeding rate of approximately 45 Pure Live Seeds (PLS) per square foot.  Where broadcast  
  seeding is used, the rate will be doubled. 
NOTE:  Species or rates may be revised based on commercial availability or site‐specific conditions. 
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OTTER CREEK MINE EXHIBIT 313G APPENDIX 
POST‐MINING LAND USE / REVEGETATION SPECIFICATIONS 




NAME:   PASTURELAND/CROP (HAY)




CODE:  PL/C 




DESCRIPTION:  Pastureland/Crop (Hay) is categorized as Special Use Pasture (SUP) in 
Baseline Report 304M‐Pre‐Mining Land Use and includes go‐back 
crested wheatgrass fields, hay meadows and fields seeded for grazing.  
Species composition varies between fields, the common denominator 
being a prevalence of introduced species.  SUP within the mining area 
totals about 31 acres of old crested wheatgrass fields; hay meadows 
along major drainages would be affected by access roads, the 
conveyor, and topsoil stockpiles.  Dominants include crested 
wheatgrass, smooth brome, alfalfa and yellow sweetclover with 
intermediate wheatgrass, tall wheatgrass and Russian wildrye 
dominating some fields. 




Hay meadow along Otter Creek 




LOCATION:  Pastureland/Crop (Hay) is located primarily along Otter, Threemile and Tenmile Creeks with go‐back fields or dryland seeded 
pasture occasionally in uplands (Plate 1 in Baseline Report 304J); post‐mining location of Pastureland is shown on Plate 1, 
Exhibit 313G. 




RECLAMATION 
GOALS: 




•  Provide site conditions and vegetation suitable for grazing or hay production.
•  Achieve revegetation success criteria for production. 
•  Manage noxious weeds in accordance with Exhibit 308E 
•  Work with landowners or lessees to develop specific locations and plans that best suit their ranching operation. 




SPOIL HANDLING:  Spoil surfaces will be scarified on the contour.  Ensure that no materials deleterious to plant growth are present to a depth of 
8 feet from the surface in areas proposed to be seeded to grass/alfalfa or alfalfa. 




SOIL 
REDISTRIBUTION: 




A horizon: 12‐18 inches 
Subsoil (B/C) horizons:  30‐36 inches 
 
Soil will be redistributed to achieve a uniform thickness of about 48 inches. 




AMENDMENTS:  Fertilizer application will be based on soil tests to achieve nutrient values pertinent to hayland or upland pasture.




SEEDBED 
PREPARATION: 




Seedbeds will be firm but not compacted.  Redistributed soil will be disked, chisel‐plowed or ripped depending on degree and 
depth of compaction.   




SEEDING 
METHOD: 




Drill seed on the contour. 
 




SEED MIXTURE 
AND RATE: 




Otter Creek Coal 
Pastureland/Crop (Hay) Revegetation Mixture 




SEEDING RATE2 




SPECIES  COMMON NAME  PREFERRED VARIETY1 
Pounds 
PLS/Acre 




  
PLS/ 
Sq.ft. 




GRASSES:                




Agropyron cristatum  Crested wheatgrass  VNS  1.00  /  6 




Agropyron elongatum  Tall wheatgrass  VNS  1.00  /  2 




Agropyron intermedium  Intermediate wheatgrass  VNS  2.00  /  4 




Bromus inermis  Smooth brome  VNS  2.50  /  7 




Poa pratensis  Kentucky bluegrass  VNS  0.25  /  12 




      SUB‐TOTAL GRASSES:  6.75  /  31 




FORBS: 




Medicago sativa  Alfalfa  VNS  1.00  /  5 




Melilotus officinalis  Yellow sweetclover  VNS  1.00  /  6 




      SUB‐TOTAL FORBS:  2.00  /  11 




TOTAL  8.75  /  42 




1VNS = Variety Not Stated.  Seed mix composition and varieties will be solicited from landowners or lessees prior o seeding. 
2Based on a drill seeding rate of 42 Pure Live Seed (PLS) per square foot.  Where broadcast seeding is used, the rate will be doubled. 
NOTE:  Species or rates may be revised based on commercial availability, or site‐specific conditions. 
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OTTER CREEK MINE EXHIBIT 313G APPENDIX 
POST‐MINING LAND USE / REVEGETATION SPECIFICATIONS 




NAME:  WILDLIFE HABITAT ENHANCEMENT FEATURE‐ BREAKS/BADLANDS




CODE:  WHEF‐B/B 




DESCRIPTION:  Several breaks/badlands vegetation types are present in the pre‐mine 
landscape comprising almost 18 percent of the mine area.  Soils are 
highly variable but generally shallow and frequently rocky.  Pre‐mining 
composition averaged for the various grass‐ and shrub‐dominated 
plant communities is: 
 
  Grass‐dominated 




communities 
Shrub‐dominated 
communities 




Species  Percent cover  Percent cover 




Thickspike wheatgrass  2  2 




Western wheatgrass  6  3 




Bluebunch wheatgrass  2  5 




Alkali sacaton  2  <1 




Little bluestem  1  <1 




Blue grama  1  1 




Prairie sandreed  1  <1 




Inland saltgrass  1  <1 




Few‐flowered buckwheat  1  1 




Broom snakeweed  4  2 




Big sagebrush  <1  9 




Shadscale saltbush  <1  2 




Rubber rabbitbrush  <1  1 




Skunkbush sumac  <1  1 




Greasewood  <1  2 
 




  Breaks/badlands




LOCATION:  Breaks/badlands are scattered throughout the pre‐mine area (Plate 1 in Baseline Report 304J); post‐mining location of WHEF‐
B/B is shown on Plate 1, Exhibit 313G. 




RECLAMATION 
GOALS: 




 Provide forage diversity and cover for ungulates 




 Provide nesting habitat for birds 




 Provide habitat for small mammals and reptiles. 




SPOIL HANDLING:  Spoil surfaces will be scarified on the contour.




SOIL 
REDISTRIBUTION: 




Vary soil depth of A and B/C horizons to create diversity.  Opportunistically utilize coarser‐textured soils and soils with higher 
coarse fragment content, especially on steeper slopes.  Redistributed soil thickness in WHEF B/B will vary from 6 to 12 inches. 




AMENDMENTS:  Use of amendments is not planned
 




EROSION 
CONTROL: 




Breaks/badlands are expected to be more erosive than other revegetated areas due to steeper slopes and shallow soils.  
Erosion control devices will be installed on the downslope perimeter of WHEF‐B/B where erosion is anticipated.  Erosion 
control may include low (1 to 3 foot tall) berms, log rolls, or commercial sediment control products with the goal of trapping 
sediment near the base of the WHEF. 




SEEDBED 
PREPARATION: 




Seedbeds will be firm but not compacted.  Redistributed soil will be disked, chisel‐plowed or ripped depending on degree and 
depth of compaction.   




SEEDING 
METHOD: 




Where PMT slopes in this type are mostly gentle to moderate, drill seeding on the contour will be used.  Broadcast seeding 
will be used on steeper slopes. 
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OTTER CREEK MINE EXHIBIT 313G APPENDIX 
POST‐MINING LAND USE / REVEGETATION SPECIFICATIONS 




SEED MIXTURE 
AND RATE: 




Otter Creek Coal 
Breaks/Badlands Revegetation Mixture 




SEEDING RATE2 




SPECIES  COMMON NAME  PREFERRED VARIETY1 




Pounds 
PLS/Acre 




  
PLS/ 
Sq.ft. 




GRASSES:                




Agropyron dasystachyum  Thickspike wheatgrass  Critana  0.50  /  2 




Agropyron smithii  Western wheatgrass  Rosana  0.50  /  1 




Agropyron spicatum  Bluebunch wheatgrass   Goldar  1.25  /  4 




Andropogon scoparius  Little bluestem  Badlands  0.75  /  4 




Bouteloua curtipendula  Sideoats grama  Pierre  1.00  /  4 




Bouteloua gracilis  Blue grama  Bad River  0.20  /  4 




Calamovilfa longifolia  Prairie sandreed  Bowman  0.50  /  3 




Distichlis stricta  Alkali saltgrass  Site adapted  0.20  /  2 




Poa sandbergii  Sandberg’s bluegrass  High Plains  0.10  /  2 




Sporobolus airoides  Alkali sacaton  Site adapted  0.10  /  4 




      SUB‐TOTAL GRASSES:  5.10  /  30 




SHRUBS:       




Artemisia cana  Silver sagebrush  Site adapted  1.00  /  20 




Artemisia tridentata  Big sagebrush  Site adapted  0.50  /  28 




Atriplex confertifolia  Shadscale saltbush  Site adapted  6.00  /  10 




Chrysothamnus nauseosus  Rubber rabbitbrush  Site adapted  1.00  /  10 




Rhus aromatica  Skunkbush sumac  Site adapted  10.00  /  6 




Sarcobatus vermiculatus  Black greasewood  Site adapted  1.00  /  6 




      SUB‐TOTAL SHRUBS:  19.50  /  80 




TOTAL  24.60  /  110 




           




TREES:3       
Planting Rate4 




(stems/acre) 




Juniperus scopulorum  Rocky Mountain juniper  ‐  225 




Pinus ponderosa  Ponderosa pine  ‐  75 




      TOTAL TREES:  300 




1Site adapted seed originates from within the Northern Great Plains region. 
2Based on a broadcast seeding rate of approximately 110 Pure Live Seeds (PLS) per square foot.  Where drill seeding is used,  
the rate of grasses will be halved. 
3Trees will be planted only on sites capable of supporting conifers as determined in the field. 
4Trees will be planted on 12‐foot centers. 




NOTE:  Species or rates may be revised based on commercial availability or site‐specific conditions. 
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OTTER CREEK MINE EXHIBIT 313G APPENDIX 
POST‐MINING LAND USE / REVEGETATION SPECIFICATIONS 




NAME:  WILDLIFE HABITAT ENHANCEMENT FEATURE –
SHRUB SEEDINGS 




CODE:  WHEF‐SS 




DESCRIPTION:  Shrub‐dominated communities comprise 34 percent of the mine area.  
Silver sagebrush/western wheatgrass, big sagebrush/western 
wheatgrass or bluebunch wheatgrass, and big sagebrush/little bluestem 
are the dominant upland shrub community types.  Silver sagebrush 
usually occurs on low topography (bottoms/banks, terraces, and swales) 
on silty clay loam soils.  Big sagebrush stands dominated by cool season 
species are usually found on middle to upper, gentle to moderate slopes 
on silt loam soils.  Big sagebrush stands dominated by warm season 
species occur on moderate to moderately steep middle to upper slopes 
and ridges on shallow clays, silts, and loams. 




Big sagebrush grassland 




LOCATION:  Upland shrubs occur throughout the pre‐mine area (Plate 1 in Baseline Report 304J).  Post‐mining locations of WHEF‐SSx are 
depicted on Plate 1, Exhibit 313G. 




RECLAMATION 
GOALS: 




• Provide forage diversity and cover for ungulates
• Provide nesting habitat for birds 
• Provide habitat for small mammals and reptiles 




SPOIL HANDLING:  Spoil surfaces will be scarified on the contour to relieve compaction and promote root penetration and permeability.




SOIL 
REDISTRIBUTION: 




A horizon: 6‐12 inches 
Subsoil (B/C) horizons:  12‐24 inches 
 
Soil will be redistributed to achieve a total thickness (topsoil plus subsoil) of 18 to 36 inches.  Thickness will vary within WHEF‐
SS to increase vegetative diversity within the type. 




AMENDMENTS:  Use of amendments is not planned




EROSION 
CONTROL: 




Mulch:  Mulch or other erosion control measures will be applied if necessary on slopes >33% and on areas where sheet 
erosion, rilling or gullying is expected or occurring. 




SEEDBED 
PREPARATION: 




Seedbeds will be firm but not compacted.  Redistributed soil will be disked, chisel‐plowed or ripped depending on degree and 
depth of compaction.   




SEEDING 
METHOD: 




Grasses and forbs will be drill seeded at a rate designated in each of the three mixtures below.  A drop seeder or rangeland 
drill will be used to plant grass/forb seed.  Drill seeding will be conducted on the contour when practicable. 
 
Shrubs will be broadcast seeded at a rate specified in the three mixes below.  Seed will be broadcast using a manual or 
mechanically‐operated cyclone‐type bucket spreader or a drop type seeder with a seed covering attachment.   
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OTTER CREEK MINE EXHIBIT 313G APPENDIX 
POST‐MINING LAND USE / REVEGETATION SPECIFICATIONS 




SEED MIXTURES 
AND RATES: 




 




Otter Creek Coal 
WHEF‐SS 




Silver Sagebrush‐Cool Season Grassland Revegetation Mixture 
SEEDING RATE2 




SPECIES  COMMON NAME  PREFERRED VARIETY1 
Pounds 
PLS/Acre 




  
PLS/ 
Sq.ft. 




GRASSES:                




Agropyron smithii  Western wheatgrass  Rosana  1.00  /  2 




Agropyron spicatum  Bluebunch wheatgrass  Goldar  0.75  /  2 




Agropyron trachycaulum  Slender wheatgrass  Pryor  0.25  /  1 




Bouteloua gracilis  Blue grama  Bad River  0.15  /  3 




Koeleria cristata  Prairie junegrass  Site adapted  0.05  /  3 




Poa sandbergii  Sandberg’s bluegrass  High Plains  0.10  /  3 




Stipa comata  Needle‐and‐thread  Site adapted  0.75  /  2 




Stipa viridula  Green needlegrass  Lodorm  0.75  /  3 




      SUB‐TOTAL GRASSES:  3.80  /  19 




FORBS: 




Achillea millefolium  Yarrow  Great Northern  0.01  /  1 




Artemisia ludoviciana  Cudweed sagewort  Site adapted  0.01  /  1 




Dalea purpurea  Purple prairie‐clover  Site adapted  0.25  /  1 




Liatris punctata  Dotted blazingstar  Site adapted  0.20  /  1 




Linum lewisii  Blue flax  Site adapted  0.02  /  1 




Ratibida columnifera  Prairie coneflower  Site adapted  0.05  /  1 




Sphaeralcea coccinea  Scarlet globemallow  Site adapted  0.05  /  1 




      SUB‐TOTAL FORBS:  0.59  /  7 




SHRUBS:3       




Artemisia cana  Silver sagebrush  Site adapted  2.00  /  40 




Artemisia tridentata  Big sagebrush  Site adapted  0.60  /  34 




Symphoricarpos occidentalis  Western snowberry  Site adapted  3.00  /  6 




      SUB‐TOTAL SHRUBS:  5.60  /  80 




TOTAL  9.99  /  106 




1Site adapted seed originates from within the Northern Great Plains region. 
2Grasses and forbs will be drill seeded at 26 Pure Live Seeds (PLS) per square foot.  Where broadcast seeding is 
used, the rate will be doubled. 
3Shrubs will be broadcast seeded at a rate of 80 PLS per square foot.   




NOTE:  Species or rates may be revised based on commercial availability or site‐specific conditions. 
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OTTER CREEK MINE EXHIBIT 313G APPENDIX 
POST‐MINING LAND USE / REVEGETATION SPECIFICATIONS 




SEED MIXTURES 
AND RATES: 




 




Otter Creek Coal 
WHEF‐SS 




Big Sagebrush‐Cool Season Grassland Revegetation Mixture 
SEEDING RATE2 




SPECIES  COMMON NAME  PREFERRED VARIETY1 
Pounds 
PLS/Acre 




  
PLS/ 
Sq.ft. 




GRASSES:                




Agropyron smithii  Western wheatgrass  Rosana  1.00  /  2 




Agropyron spicatum  Bluebunch wheatgrass  Goldar  0.75  /  2 




Agropyron trachycaulum  Slender wheatgrass  Pryor  0.25  /  1 




Bouteloua gracilis  Blue grama  Bad River  0.15  /  3 




Koeleria cristata  Prairie junegrass  Site adapted  0.05  /  3 




Poa sandbergii  Sandberg’s bluegrass  High Plains  0.10  /  3 




Stipa comata  Needle‐and‐thread  Site adapted  0.75  /  2 




Stipa viridula  Green needlegrass  Lodorm  0.75  /  3 




      SUB‐TOTAL GRASSES:  3.80  /  19 




FORBS: 




Achillea millefolium  Yarrow  Great Northern  0.01  /  1 




Artemisia ludoviciana  Cudweed sagewort  Site adapted  0.01  /  1 




Dalea purpurea  Purple prairie‐clover  Site adapted  0.25  /  1 




Liatris punctata  Dotted blazingstar  Site adapted  0.20  /  1 




Linum lewisii  Blue flax  Site adapted  0.02  /  1 




Ratibida columnifera  Prairie coneflower  Site adapted  0.05  /  1 




Sphaeralcea coccinea  Scarlet globemallow  Site adapted  0.05  /  1 




      SUB‐TOTAL FORBS:  0.59  /  7 




SHRUBS:3       




Artemisia cana  Silver sagebrush  Site adapted  0.75  /  15 




Artemisia tridentata  Big sagebrush  Site adapted  1.00  /  57 




Ceratoides lanata  Winterfat  Site adapted  3.00  /  8 




      SUB‐TOTAL SHRUBS:  4.75  /  80 




TOTAL  9.14  /  106 




1Site adapted seed originates from within the Northern Great Plains region. 
2Grasses and forbs will be drill seeded at 26 Pure Live Seeds (PLS) per square foot.  Where broadcast seeding 
is used, the rate will be doubled. 
3Shrubs will be broadcast seeded at a rate of 80 PLS per square foot.   
NOTE:  Species or rates may be revised based on commercial availability or site‐specific conditions. 
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OTTER CREEK MINE EXHIBIT 313G APPENDIX 
POST‐MINING LAND USE / REVEGETATION SPECIFICATIONS 




SEED MIXTURES 
AND RATES: 




 




Otter Creek Coal 
WHEF‐SS 




Big Sagebrush‐Warm Season Grassland Revegetation Mixture 
SEEDING RATE2 




SPECIES  COMMON NAME  PREFERRED VARIETY1 
Pounds 
PLS/Acre 




  
PLS/ 
Sq.ft. 




GRASSES:                




Agropyron smithii  Western wheatgrass  Rosana  0.75  /  2 




Agropyron spicatum  Bluebunch wheatgrass  Goldar  0.50  /  2 




Agropyron trachycaulum  Slender wheatgrass  Pryor  0.25  /  1 




Andropogon scoparius  Little bluestem  Badlands  0.50  /  3 




Bouteloua curtipendula  Sideoats grama  Pierre  0.60  /  2 




Bouteloua gracilis  Blue grama  Bad River  0.10  /  2 




Calamovilfa longifolia  Prairie sandreed  Bowman  0.30  /  2 




Poa sandbergii  Sandberg’s bluegrass  High Plains  0.10  /  3 




Stipa comata  Needle‐and‐thread  Site adapted  0.50  /  1 




      SUB‐TOTAL GRASSES:  3.60  /  18 




FORBS: 




Achillea millefolium  Yarrow  Great Northern  0.01  /  1 




Artemisia frigida  Fringed sagewort  Site adapted  0.01  /  1 




Dalea purpurea  Purple prairie‐clover  Site adapted  0.25  /  1 




Echinacea angustifolia  Purple coneflower  Site adapted  0.40  /  1 




Gaillardia aristata  Blanket‐flower  Site adapted  0.30  /  1 




Liatris punctata  Dotted blazingstar  Site adapted  0.25  /  1 




Ratibida columnifera  Prairie coneflower  Site adapted  0.05  /  1 




      SUB‐TOTAL FORBS:  1.27  /  7 




SHRUBS:3       




Artemisia cana   Silver sagebrush  Site adapted  0.75  /  15 




Artemisia tridentata  Big sagebrush  Site adapted  1.00  /  57 




Ceratoides lanata  Winterfat  Site adapted  3.00  /  8 




      SUB‐TOTAL SHRUBS:  4.75  /  80 




TOTAL  9.62  /  105 




1Site adapted seed originates from within the Northern Great Plains region. 
2Grasses and forbs will be drill seeded at approximately 25 Pure Live Seeds (PLS) per square foot.  Where 
broadcast seeding is used, the rate will be doubled. 
3Shrubs will be broadcast seeded at a rate of approximately 80 PLS per square foot.   
NOTE:  Species or rates may be revised based on commercial availability or site‐specific conditions. 
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OTTER CREEK MINE EXHIBIT 313G APPENDIX 
POST‐MINING LAND USE / REVEGETATION SPECIFICATIONS 




NAME:  WILDLIFE HABITAT ENHANCEMENT FEATURE‐ TREE PLANTINGS




CODE:  WHEF‐TP 




DESCRIPTION:  Ponderosa pine‐juniper forest/savannah is found on around 4 percent 
of the pre‐mine landscape.  The cool season‐dominated community 
types are often found on middle slopes to ridges on generally steeper 
slopes having shallow soils.  The warm season‐dominated type occurs 
on all topographic positions, on variable slope gradients and aspects, 
and usually on shallow clay or loam soils. 
 




  Ponderosa pine‐juniper forest/savannah 




LOCATION:  Ponderosa pine‐juniper forest/savannah is scattered throughout the pre‐mine area (see Plate 1, Baseline Report 304J).  Post‐
mine locations of WHEF‐TP are shown on Plate 1, Exhibit 313G. 




RECLAMATION 
GOALS: 




• Provide forage diversity and cover for ungulates
• Provide nesting habitat for birds 
• Provide habitat for small mammals and reptiles 




SPOIL HANDLING:  Spoil surfaces will be scarified on the contour to relieve compaction and promote root penetration and permeability.




SOIL 
REDISTRIBUTION: 




Vary redistributed soil depth of A and B/C horizons to create diversity.  Opportunistically utilize coarser‐textured soils and 
soils with higher coarse fragment content, especially on steeper slopes.  Redistributed soil thickness in WHEF‐TP will vary 
from 6 to 12 inches. 




AMENDMENTS:  Use of amendments is not planned




EROSION 
CONTROL: 




On steeper, more erosive sites, erosion control devices will be installed on the downslope perimeter of WHEF‐TP where 
erosion is anticipated.  Erosion control may include low berms, log rolls, or commercial sediment control products with the 
goal of trapping sediment near the base of the WHEF. 




SEEDBED 
PREPARATION: 




Seedbeds will be firm but not compacted.  Redistributed soil will be disked, chisel‐plowed or ripped depending on degree and 
depth of compaction.  Where soils are loose or clods may inhibit seeding on gentle to moderate slopes, a packer or 
cultipacker will be used to prepare a firm seedbed. 




SEEDING 
METHOD: 




Where PMT slopes in this type are mostly gentle to moderate, drill seeding on the contour will be used.  A drill designed for 
rangeland seeding will be used.  Broadcast seeding will be used on steeper slopes.  Grass and forb seeding rates have been 
reduced in each of the cool season and warm season mixes below to avoid herbaceous competition with trees. 
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OTTER CREEK MINE EXHIBIT 313G APPENDIX 
POST‐MINING LAND USE / REVEGETATION SPECIFICATIONS 




SEED MIXTURES 
AND RATES: 




 




Otter Creek Coal 
WHEF‐TP 




 Cool Season Revegetation Mixture 
SEEDING RATE2 




SPECIES  COMMON NAME  PREFERRED VARIETY1 
Pounds 
PLS/Acre 




  
PLS/ 
Sq.ft. 




GRASSES:                




Agropyron smithii  Western wheatgrass  Rosana  1.00  /  2 




Agropyron spicatum  Bluebunch wheatgrass  Goldar  0.75  /  2 




Agropyron trachycaulum  Slender wheatgrass  Pryor  0.25  /  1 




Bouteloua gracilis  Blue grama  Bad River  0.15  /  3 




Koeleria cristata  Prairie junegrass  Site adapted  0.05  /  3 




Poa sandbergii  Sandberg’s bluegrass  High Plains  0.10  /  3 




Stipa comata  Needle‐and‐thread  Site adapted  0.75  /  2 




Stipa viridula  Green needlegrass  Lodorm  0.75  /  3 




      SUB‐TOTAL GRASSES:  3.80  /  19 




FORBS: 




Achillea millefolium  Yarrow  Great Northern  0.01  /  1 




Artemisia ludoviciana  Cudweed sagewort  Site adapted  0.01  /  1 




Dalea purpurea  Purple prairie‐clover  Site adapted  0.25  /  1 




Liatris punctata  Dotted blazingstar  Site adapted  0.20  /  1 




Linum lewisii  Blue flax  Site adapted  0.02  /  1 




Ratibida columnifera  Prairie coneflower  Site adapted  0.05  /  1 




Sphaeralcea coccinea  Scarlet globemallow  Site adapted  0.05  /  1 




      SUB‐TOTAL FORBS:  0.59  /  7 




        




TOTAL  4.39  /  26 




        




TREES: 
Planting Rate3 
(stems/acre) 




Juniperus scopulorum  Rocky Mountain juniper  ‐  125 




Pinus ponderosa  Ponderosa pine  ‐  150 




      TOTAL TREES:  275 




1Site adapted seed originates from within the Northern Great Plains region. 
2Based on a drill seeding rate of 26 Pure Live Seeds (PLS) per square foot.  Where broadcast seeding is used, the rate 
will be doubled. 
3Trees will be planted on 12.5‐foot centers. 
NOTE:  Species or rates may be revised based on commercial availability or site‐specific conditions. 
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OTTER CREEK MINE EXHIBIT 313G APPENDIX 
POST‐MINING LAND USE / REVEGETATION SPECIFICATIONS 




SEED MIXTURES 
AND RATES: 




Otter Creek Coal 
WHEF‐TP 




Warm Season Revegetation Mixture 
SEEDING RATE2 




SPECIES  COMMON NAME  PREFERRED VARIETY1 
Pounds 
PLS/Acre 




  
PLS/ 
Sq.ft. 




GRASSES:                




Agropyron smithii  Western wheatgrass  Rosana  0.75  /  2 




Agropyron spicatum  Bluebunch wheatgrass  Goldar  0.50  /  2 




Agropyron trachycaulum  Slender wheatgrass  Pryor  0.25  /  1 




Andropogon scoparius  Little bluestem  Badlands  0.50  /  3 




Bouteloua curtipendula  Sideoats grama  Pierre  0.60  /  2 




Bouteloua gracilis  Blue grama  Bad River  0.10  /  2 




Calamovilfa longifolia  Prairie sandreed  Bowman  0.30  /  2 




Poa sandbergii  Sandberg’s bluegrass  High Plains  0.10  /  3 




Stipa comata  Needle‐and‐thread  Site adapted  0.50  /  1 




      SUB‐TOTAL GRASSES:  3.60  /  18 




FORBS: 




Achillea millefolium  Yarrow  Great Northern  0.01  /  1 




Artemisia frigida  Fringed sagewort  Site adapted  0.01  /  1 




Dalea purpurea  Purple prairie‐clover  Site adapted  0.25  /  1 




Echinacea angustifolia  Purple coneflower  Site adapted  0.40  /  1 




Gaillardia aristata  Blanket‐flower  Site adapted  0.30  /  1 




Liatris punctata  Dotted blazingstar  Site adapted  0.25  /  1 




Ratibida columnifera  Prairie coneflower  Site adapted  0.05  /  1 




      SUB‐TOTAL FORBS:  1.27  /  7 




        




TOTAL  4.87  /  25 




        




TREES: 
Planting Rate3 
(stems/acre) 




Juniperus scopulorum  Rocky Mountain juniper  ‐  100 




Pinus ponderosa  Ponderosa pine  ‐  125 




      TOTAL TREES:  225 




1Site adapted seed originates from within the Northern Great Plains region. 
2Based on a drill seeding rate of approximately 25 Pure Live Seeds (PLS) per square foot.  Where broadcast seeding is 
used, the rate will be doubled. 
3Trees will be planted on 14‐foot centers. 
NOTE:  Species or rates may be revised based on commercial availability or site‐specific conditions. 




 




 















Otter Creek Mine  1  WESTECH Environmental Services, Inc.   
Revegetation Plan    June 2012   




OTTER CREEK MINE EXHIBIT 313G APPENDIX 
POST‐MINING LAND USE / REVEGETATION SPECIFICATIONS 




NAME:  WILDLIFE HABITAT ENHANCEMENT FEATURE –
STEEP SLOPES, ROCK OUTCROPS AND BLUFFS  




(Topographic Features) 




CODE:  WHEF‐TF 




DESCRIPTION:  Steep slopes are a common feature in the pre‐mine landscape; rock 
outcrops are less common but occur at scoria, clinker or sandstone 
outcrops; bluffs occur as vertical or near vertical, generally sandstone 
exposures where soils have been eroded from the base leaving the 
more indurate, less erosive rock.  Vegetation is highly variable with 
many sites only sparsely vegetated. 
 




    Steep Slopes 




LOCATION:  Steep slopes occur along the sides of drainages and hillslopes, and are 
often associated with the breaks complex of vegetation types (Plate 1 
in Baseline Report 304J).  Steep slopes and bluffs are more common on 
the eastern side of the mining area.  Rock outcrops are scattered 
primarily along the coal burn outcrop and at remnant sandstone 
outcrops.   




RECLAMATION 
GOALS: 




• Control erosion by implementing appropriate BMPs
• Provide wildlife habitat diversity 
• Manage noxious weeds in accordance with Exhibit 308E 
 




SPOIL HANDLING:  Spoil surfaces will be scarified on the contour where practicable.




    Rock Outcrops 




SOIL 
REDISTRIBUTION: 




Vary soil redistribution depth specific to the topographic feature 
created.  Where soils higher in coarse fragment content are available 
from direct‐haul or stockpile, utilize these soils on steep slopes to 
reduce surface erosion.  Soil will not be redistributed on overly steep 
slopes and bluffs. 




AMENDMENTS:  Amendments are not anticipated. 




EROSION 
CONTROL: 




Stabilize steep slopes using soils higher in coarse fragment content 
when available, mulch or spread woody debris if available.  Install 
BMPs as necessary at the base of steep slopes to retain sediment near 
the toe.  Rills and gullies are a natural component of steep slopes; they 
will be repaired on a site‐specific basis if they create erosion issues on 
the adjacent land use.  Steeper slopes adjacent to drainages will be 
stabilized if excessive bank erosion occurs. 




    Bluffs 




SEEDBED 
PREPARATION: 




Seedbeds will be left in a roughened condition to reduce erosion and provide microsites for plant establishment and growth.




SEEDING 
METHOD: 




WHEF‐TF will generally be broadcast seeded due to topographic constraints or safety factors. 




SEED MIXTURE 
AND RATE: 




The seed mix will vary depending on adjacent land use.  The breaks/badlands mix will be favored on steep slopes.  Drill seed 
rates will be doubled for broadcast seeding. 
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OTTER CREEK MINE EXHIBIT 313G APPENDIX 
POST‐MINING LAND USE / REVEGETATION SPECIFICATIONS 




NAME:  WILDLIFE HABITAT ENHANCEMENT FEATURE‐ PONDS




CODE:  WHEF‐P 




DESCRIPTION:  Several pre‐mining ponds are present in the mining area providing 
water for livestock and habitat for various wildlife species.  Pond size is 
variable.    Duration of water is highly dependent on seasonal 
precipitation as surface inflow is the primary water source. 




  Typical pre‐mining pond




LOCATION:  Ponds are located throughout the pre‐mine area as shown on Plate 1, Baseline Report 304J.  Post‐mining ponds will be 
located where drainage basin size, predicted runoff and site conditions are suitable, generally at the confluence of several 
drainages.  Ponds may be excavated and/or embanked, depending on site and engineering considerations. 




RECLAMATION 
GOALS: 




• Provide seasonal water for wildlife and livestock
• Ensure water quality is suitable for post‐mining livestock use 




SPOIL HANDLING:  Place suitable spoil within top 2 feet of surface.  Use spoil material of low permeability or, if necessary, amend and/or 
compact spoil to prevent water loss through the pond bottom. 




SOIL 
REDISTRIBUTION: 




Redistribute soil around pond perimeter to support desired plant community.




AMENDMENTS:  No amendments are anticipated. 
 




EROSION 
CONTROL: 




Design spillway to minimize down‐gradient erosion.




SEEDBED 
PREPARATION: 




Not applicable unless temporary seeding is necessary for dust control.




SEEDING 
METHOD: 




Not applicable unless temporary seeding is necessary for dust control.




SEED MIXTURE 
AND RATE: 




In general, pond bottoms will not be seeded.  If necessary for dust or erosion control, the interim mixture or an annual cover 
crop will be seeded.  Embankments and pond perimeters will be seeded with the mixture for the adjacent post‐mining land 
use/revegetation type. 
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OTTER CREEK MINE EXHIBIT 313G APPENDIX 
POST‐MINING LAND USE / REVEGETATION SPECIFICATIONS 




NAME:  WILDLIFE HABITAT ENHANCEMENT FEATURE –
RIPARIAN/WETLAND 




CODE:  WHEF‐R/W 




DESCRIPTION:  Riparian areas dominated by shrubs, trees or herbaceous species are 
generally restricted to larger drainages; herbaceous wetlands are 
relatively uncommon occurring primarily as a fringe around Otter 
Creek, around ponds and in the bottom of drainages below ponds.  
Riparian tree types are dominated by boxelder, plains cottonwood or 
occasionally, green ash.  Riparian shrub types are dominated by 
western snowberry, silver sagebrush and Wood’s rose or, less 
frequently by chokecherry or sandbar willow.  Herbaceous riparian and 
wetland types are highly variable, depending on moisture regime, soils 
and topography.  Dominant understory species include alkali saltgrass, 
alkali sacaton, alkali cordgrass, prairie cordgrass, alkali bulrush, and 
common spikesedge. 




    Riparian zone along Otter Creek 




LOCATION:  Pre‐mining distribution of riparian and wetland types is shown on Plate 
1, Exhibit 304J; proposed post‐mining locations are shown on Plate 1, 
Exhibit 313G. 




RECLAMATION 
GOALS: 




• Provide wildlife habitat for riparian‐ or wetland‐dependent species
• Manage noxious weeds in accordance with Exhibit 308E 
 




SPOIL HANDLING:  Spoil surfaces will be scarified on the contour to a depth of 12‐inches 
to prevent slippage at the spoil/topsoil interface, to relieve compaction 
and promote root penetration and permeability. 




SOIL 
REDISTRIBUTION: 




A horizon:  12‐18 inches 
Subsoil (B/C) horizons:  12‐18 inches 




    Wetland below stockpond




AMENDMENTS:  Amendments are not anticipated. 




EROSION 
CONTROL: 




Install erosion control BMPs (commercial sediment control products, bioengineered structures, riprap or other) as necessary 
to control bank erosion and bed scour. 




SEEDBED 
PREPARATION: 




Seedbeds with established annual grasses or forbs will be tilled or chemically treated prior to seeding.  Seedbeds will be firm 
but not compacted.  Redistributed soil will be disked, chisel‐plowed or ripped depending on degree and depth of compaction.  




SEEDING 
METHOD: 




Drill or broadcast as site conditions dictate.
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OTTER CREEK MINE EXHIBIT 313G APPENDIX 
POST‐MINING LAND USE / REVEGETATION SPECIFICATIONS 




SEED MIXTURES 
AND RATES: 




Otter Creek Coal 
Woody Riparian Revegetation Mixture 




SEEDING RATE2 




SPECIES  COMMON NAME  PREFERRED VARIETY1 
Pounds 
PLS/Acre 




  
PLS/ 
Sq.ft. 




GRASSES:                




Agropyron smithii  Western wheatgrass  Rosana  0.75  /  2 




Agropyron trachycaulum  Slender wheatgrass  Pryor  0.10  /  1 




Bouteloua curtipendula  Sideoats grama  Pierre  0.75  /  3 




Calamovilfa longifolia  Prairie sandreed  Bowman  0.40  /  2 




Distichlis stricta  Alkali saltgrass  Site adapted  0.25  /  3 




Elymus canadensis  Canada wildrye  Site adapted  1.10  /  3 




Hordeum jubatum  Foxtail barley  Site adapted  1.10  /  2 




Sporobolus airoides  Alkali sacaton  Site adapted  0.05  /  2 




Stipa viridula  Green needlegrass  Lodorm  0.75  /  3 




      SUB‐TOTAL GRASSES:  5.25  /  21 




FORBS: 




Achillea millefolium  Yarrow  Great Northern  0.01  /  1 




Artemisia ludoviciana  Cudweed sagewort  Site adapted  0.01  /  1 




      SUB‐TOTAL FORBS:  0.02  /  2 




SHRUBS:3       




Artemisia cana  Silver sagebrush  Site adapted  2.50  /  48 




Prunus virginiana  Common chokecherry  Site adapted  1.00  /  1 




Rhus aromatica  Skunkbush sumac  Site adapted  4.00  /  2 




Rosa woodsii  Wood’s rose  Site adapted  2.00  /  2 




Symphoricarpos occidentalis  Western snowberry  Site adapted  2.50  /  4 




      SUB‐TOTAL SHRUBS:  12.00  /  57 




TOTAL  17.27  /  80 




TREES:       
Planting Rate4 
(stems/acre) 




Acer negundo  Boxelder  ‐  100 




Fraxinus pennsylvanica  Green ash  ‐  50 




Juniperus scopulorum  Rocky Mountain juniper'  ‐  75 




Populus deltoides  Plains cottonwood  ‐  25 




      TOTAL TREES:  250 




1Site adapted seed originates from within the Northern Great Plains region. 
2Based on a broadcast seeding rate of approximately 80 Pure Live Seeds (PLS) per square foot.  Where drill seeding is used,  
the rate of grasses will be halved. 
3Trees will be planted only on sites capable of supporting them as determined in the field. 
4Trees will be planted on 13‐foot centers. 
NOTE:  Species or rates may be revised based on commercial availability or site‐specific conditions. 
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OTTER CREEK MINE EXHIBIT 313G APPENDIX 
POST‐MINING LAND USE / REVEGETATION SPECIFICATIONS 




SEEDING 
MIXTURES AND 
RATES: 




 




Otter Creek Coal 
Herbaceous Riparian Revegetation Mixture 




SEEDING RATE2 




SPECIES  COMMON NAME  PREFERRED VARIETY1 
Pounds 
PLS/Acre 




  
PLS/ 
Sq.ft. 




GRASSES:                




Agropyron smithii  Western wheatgrass  Rosana  1.50  /  4 




Agropyron trachycaulum  Slender wheatgrass  Pryor  0.25  /  1 




Bouteloua curtipendula  Sideoats grama  Pierre  1.50  /  7 




Calamovilfa longifolia  Prairie sandreed  Bowman  0.75  /  5 




Distichlis stricta  Alkali saltgrass  Site adapted  0.50  /  6 




Elymus canadensis  Canada wildrye  Site adapted  2.25  /  6 




Hordeum jubatum  Foxtail barley  Site adapted  2.25  /  4 




Sporobolus airoides  Alkali sacaton  Site adapted  0.10  /  4 




Stipa viridula  Green needlegrass  Lodorm  1.50  /  6 




      SUB‐TOTAL GRASSES:  10.60  /  43 




FORBS: 




Achillea millefolium  Yarrow  Great Northern  0.01  /  1 




Artemisia ludoviciana  Cudweed sagewort  Site adapted  0.01  /  1 




      SUB‐TOTAL FORBS:  0.02  /  2 




     
TOTAL  10.62  /  45 




1Site adapted seed originates from within the Northern Great Plains region. 
2Based on a drill seeding rate of approximately 45 Pure Live Seeds (PLS) per square foot.  Where broadcast 
seeding is used, the rate will be doubled. 
NOTE:  Species or rates may be revised based on commercial availability or site‐specific conditions. 




 




 




Otter Creek Coal 
Herbaceous Wetland Revegetation Mixture 




SEEDING RATE2 




SPECIES  COMMON NAME  PREFERRED VARIETY1 
Pounds 
PLS/Acre 




  
PLS/ 
Sq.ft. 




GRASSES:                




Distichlis stricta  Alkali saltgrass  Site adapted  0.70  /  8 




Hordeum jubatum  Foxtail barley  Site adapted  1.50  /  3 




Juncus torreyi  Torrey’s rush  Site adapted  0.02  /  6 




Panicum virgatum  Switchgrass  Dacotah  0.75  /  7 




Scirpus americanus3  American bulrush  Site adapted  1.50  /  6 




Spartina pectinata  Prairie cordgrass  Site adapted  1.50  /  7 




Sporobolus airoides  Alkali sacaton  Site adapted  0.20  /  8 




TOTAL  6.17  /  45 




1Site adapted seed originates from within the Northern Great Plains region. 
2Based on a drill seeding rate of 45 Pure Live Seeds (PLS) per square foot.  Where broadcast seeding is used, 
the rate will be doubled. 
3If unavailable, suitable substitutions would include Scirpus maritimus, Scirpus acutus or Scirpus validus. 
NOTE:  Species or rates may be revised based on commercial availability or site‐specific conditions. 




 




 




 


















Exhibit 313G ‐ Table 1.




SPECIES COMMON NAME
PREFERRED 
VARIETY1
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GRASSES:
Agropyron smithii Western wheatgrass Rosana 2.00 1.50 1.00 1.00 0.75 1.00 0.75 1.50 0.75
Agropyron cristatum Crested wheatgrass VNS 1.00
Agropyron dasystachyum Thickspike wheatgrass Critana 0.50
Agropyron elongatum Tall wheatgrass VNS 1.00
Agropyron intermedium Intermediate wheatgrass VNS 2.00
Agropyron smithii Western wheatgrass Rosana 0.50
Agropyron spicatum Bluebunch wheatgrass Goldar 1.50 1.00 0.75 0.75 0.50 1.25 0.75 0.50
Agropyron trachycaulum Slender wheatgrass Pryor 0.50 0.50 0.25 0.25 0.25 0.25 0.25 0.25 0.10
Andropogon scoparius Little bluestem Badlands 1.00 0.50 0.75 0.50
Bouteloua curtipendula Sideoats grama Pierre 1.25 0.60 1.00 0.60 1.50 0.75
Bouteloua gracilis Blue grama Bad River 0.30 0.20 0.15 0.15 0.10 0.20 0.15 0.10
Bromus inermis Smooth brome VNS 2.50
Calamovilfa longifolia Prairie sandreed Bowman 0.60 0.30 0.50 0.30 0.75 0.40
Distichlis stricta Alkali saltgrass Site adapted 0.20 0.50 0.25 0.70
Elymus canadensis Canada wildrye Site adapted 2.25 1.10
Hordeum jubatum Foxtail barley Site adapted 2.25 1.10 1.50
Juncus torreyi Torrey’s rush Site adapted 0.02
Koeleria cristata Prairie junegrass Site adapted 0.10 0.05 0.05 0.05
Panicum virgatum Switchgrass Dacotah 0.75
Poa pratensis Kentucky bluegrass VNS 0.25
Poa sandbergii Sandberg’s bluegrass High Plains 0.20 0.20 0.10 0.10 0.10 0.10 0.10 0.10
Scirpus americanus American bulrush Site adapted 1.50
Spartina pectinata Prairie cordgrass Site adapted 1.50
Sporobolus airoides Alkali sacaton Site adapted 0.10 0.10 0.05 0.20
Stipa comata Needle‐and‐thread Site adapted 1.50 1.00 0.75 0.75 0.50 0.75 0.50
Stipa viridula Green needlegrass Lodorm 1.50 0.75 0.75 0.75 1.50 0.75
FORBS:
Achillea millefolium Yarrow Great Northern 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01
Artemisia frigida Fringed sagewort Site adapted 0.01 0.01 0.01
Artemisia ludoviciana Cudweed sagewort Site adapted 0.01 0.01 0.01 0.01 0.01 0.01
Dalea purpurea Purple prairie‐clover Site adapted 0.50 0.50 0.25 0.25 0.25 0.25 0.25
Echinacea angustifolia Purple coneflower Site adapted 0.50 0.40 0.40
Gaillardia aristata Blanket‐flower Site adapted 0.30 0.30 0.30
Liatris punctata Dotted blazingstar Site adapted 0.40 0.40 0.20 0.20 0.25 0.20 0.25
Linum lewisii Blue flax Site adapted 0.05 0.02 0.02 0.02
Medicago sativa Alfalfa VNS 1.00
Melilotus officinalis Yellow sweetclover VNS 1.00
Ratibida columnifera Prairie coneflower Site adapted 0.10 0.10 0.05 0.05 0.05 0.05 0.05
Sphaeralcea coccinea Scarlet globemallow Site adapted 0.10 0.05 0.05 0.05
SHRUBS:
Artemisia cana Silver sagebrush Site adapted 2.00 0.75 0.75 1.00 2.50
Artemisia tridentata Big sagebrush Site adapted 0.60 1.00 1.00 0.50
Atriplex confertifolia Shadscale saltbush Site adapted 6.00
Ceratoides lanata Winterfat Site adapted 3.00 3.00
Chrysothamnus nauseosus Rubber rabbitbrush Site adapted 1.00
Prunus virginiana Common chokecherry Site adapted 1.00
Rhus aromatica Skunkbush sumac Site adapted 10.00 4.00
Rosa woodsii Wood’s rose Site adapted 2.00
Sarcobatus vermiculatus Black greasewood Site adapted 1.00
Symphoricarpos occidentalis Western snowberry Site adapted 3.00 2.50




8.77 9.07 8.75 9.99 9.14 9.62 24.60 4.39 4.87 10.62 17.27 6.17TOTAL




Grazing Land, Pastureland/Cropland (Hay) and Wildlife Enhancement Feature Permanent Revegetation Mixtures , Otter Creek Mine
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Wildlife Enhancement Feature




Seeding Rate (Pounds Pure Live Seed/Acre)2
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Exhibit 313G ‐ Table 1.




SPECIES COMMON NAME
PREFERRED 
VARIETY1
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Grazing Land, Pastureland/Cropland (Hay) and Wildlife Enhancement Feature Permanent Revegetation Mixtures , Otter Creek Mine
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Wildlife Enhancement Feature




TREES:
Acer negundo Boxelder ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ 100 ‐
Fraxinus pennsylvanica Green ash ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ 50 ‐
Juniperus scopulorum Rocky Mountain juniper ‐ ‐ ‐ ‐ ‐ ‐ ‐ 225 125 100 ‐ 75 ‐
Pinus ponderosa Ponderosa pine ‐ ‐ ‐ ‐ ‐ ‐ ‐ 75 150 125 ‐ ‐ ‐
Populus deltoides Plains cottonwood ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ 25 ‐




‐ ‐ ‐ ‐ ‐ ‐ 300 275 225 ‐ 250 ‐




2Seeding Rates are given in pounds Pure Live Seed (PLS) per acre.  
3Planting  Rates are given as stems per acre.




NOTE:  Species or rates may be revised based on commercial availability or site‐specific conditions.




TOTAL




1"Site adapted" seed originates from within the Northern Great Plains region.  "VNS" = Variety Not Stated




Planting Rate (stems/acre)3




Otter Creek Mine
Revegetation Plan 2




WESTECH Environmental Services, Inc.
July 2012


















Exhibit 313G Table 2.  Correlation of Pre‐Mining Community Types in the Otter Creek Study Area 
With Proposed Revegetation Mixtures. 
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PRE‐MINING COMMUNITY TYPE  REVEGETATION MIXTURE 




GRAZING LAND ‐ GRASSLAND




Agropyron smithii  / Bouteloua gracilis   Cool Season Grassland




Agropyron smithii / Stipa viridula  Cool Season Grassland




Stipa comata / Agropyron smithii  Cool Season Grassland




Stipa comata / Carex filifolia  Cool Season Grassland 




Agropyron spicatum / Stipa comata  Cool Season Grassland




Agropyron spicatum / Bouteloua curtipendula  Warm Season Grassland




Andropogon scoparius / Agropyron spicatum  Warm Season Grassland




Andropogon scoparius / Bouteloua curtipendula   Warm Season Grassland




Andropogon scoparius / Calamovilfa longifolia  Warm Season Grassland




Calamovilfa longifolia / Stipa comata    Warm Season Grassland




SPECIAL USE PASTURE




Special Use Pasture  Pastureland/Cropland (Hay)




WILDLIFE ENHANCEMENT FEATURE – UPLAND SHRUB




Artemisia cana / Agropyron smithii    Silver Sagebrush Cool Season Grassland




Artemisia tridentata / Agropyron smithii  Big Sagebrush Cool Season Grassland




Artemisia tridentata / Agropyron spicatum  Big Sagebrush Cool Season Grassland




Artemisia tridentata / Andropogon scoparius  Big Sagebrush Warm Season Grassland




WILDLIFE ENHANCEMENT FEATURE – BREAKS/BADLANDS




Grass‐Dominated Breaks   




Agropyron smithii Breaks  Breaks/Badlands 




Agropyron spicatum Breaks  Breaks/Badlands 




Sporobolus airoides Breaks  Breaks/Badlands 




Calamovilfa longifolia Breaks  Breaks/Badlands 




Shrub‐Dominated Breaks   




Artemisia tridentata‐Sarcobatus vermiculatus‐Chrysothamnus nauseosus/Agropyron smithii  Breaks/Badlands 




Rhus aromatica / Agropyron spicatum‐Andropogon scoparius  Breaks/Badlands 




Artemisia tridentata‐Rhus aromatica‐Chrysothamnus nauseosus / Agropyron spicatum  Breaks/Badlands 




Artemisia tridentata‐Rhus aromatica‐Sarcobatus vermiculatus / Agropyron spicatum  Breaks/Badlands 




Artemisia tridentata‐Atriplex confertifolia‐Sarcobatus vermiculatus / Agropyron spicatum  Breaks/Badlands 




Artemisia tridentata‐Atriplex confertifolia‐Rhus aromatica / Agropyron spicatum  Breaks/Badlands 




Conifer‐Dominated Breaks   




Juniperus scopulorum/Agropyron spicatum Breaks  Breaks/Badlands 




Pinus ponderosa‐Juniperus scopulorum / Agropyron spicatum Breaks Breaks/Badlands 




Pinus ponderosa‐Juniperus scopulorum / Andropogon scoparius Breaks Breaks/Badlands 




Pinus ponderosa‐Juniperus scopulorum / Artemisia tridentata Breaks Breaks/Badlands 




Pinus ponderosa‐Juniperus scopulorum / Artemisia tridentata‐Atriplex confertifolia Breaks Breaks/Badlands 




WILDLIFE ENHANCEMENT FEATURE – UPLAND TREE




Ponderosa Pine‐Juniper / Grass 




Pinus ponderosa‐Juniperus scopulorum / Agropyron spicatum  Upland Tree – Cool Season




Juniperus scopulorum‐Pinus ponderosa / Oryzopsis micrantha  Upland Tree– Cool Season




Pinus ponderosa‐Juniperus scopulorum / Festuca idahoensis  Upland Tree– Cool Season




Pinus ponderosa‐Juniperus scopulorum / Andropogon scoparius  Upland Tree – Warm Season




 
 
 
 















Table 1.  Community Types Identified in the Otter Creek Tract 2 Baseline Study Area,  
  Powder River County, Montana, 2011. 
 




Otter Creek Tract 2 2 WESTECH Environmental Services, Inc.  
Reclamation Plan  July 2012  




 
 




 




PRE‐MINING COMMUNITY TYPE  REVEGETATION MIXTURE 




WILDLIFE ENHANCEMENT FEATURE – RIPARIAN/WETLAND




Mesophytic/Hydrophytic Herbaceous Bottom   




Distichlis stricta/Agropyron smithii   Herbaceous Riparian 




Distichlis stricta/Hordeum jubatum   Herbaceous Riparian 




Sporobolus airoides/Agropyron smithii  Herbaceous Riparian 




Sporobolus airoides/Distichlis stricta  Herbaceous Riparian 




Spartina gracilis/Distichlis stricta  Herbaceous Wetland 




Spartina pectinata/Bromus inermis  Herbaceous Wetland 




Spartina pectinata/Poa pratensis  Herbaceous Wetland 




Spartina pectinata/Hordeum jubatum  Herbaceous Wetland 




Spartina pectinata/Panicum virgatum  Herbaceous Wetland 




Spartina pectinata/Scirpus americanus  Herbaceous Wetland 




Scirpus maritimus/Sporobolus airoides‐Distichlis stricta  Herbaceous Wetland 




Scirpus maritimus/Scirpus americanus‐Eleocharis palustris  Herbaceous Wetland 




Eleocharis palustris/Scirpus americanus‐Juncus torreyi  Herbaceous Wetland 




Typha latifolia/Bromus inermis  Herbaceous Wetland 




Typha latifolia/Spartina pectinata  Herbaceous Wetland 




Scirpus validus/Spartina pectinata  Herbaceous Wetland 




Scirpus validus‐Scirpus acutus/Typha latifolia  Herbaceous Wetland 




Mesophytic Low Shrub Bottom   




Symphoricarpos occidentalis‐Artemisia tridentata‐Sarcobatus vermiculatus/Agropyron smithii  Woody Riparian 




Artemisia cana‐Rosa woodsii/Agropyron smithii‐Poa pratensis Woody Riparian 




Symphoricarpos occidentalis‐Artemisia cana/ Agropyron smithii‐Poa pratensis Woody Riparian 




Symphoricarpos occidentalis‐Rosa woodsii/Poa pratensis‐Agropyron smithii Woody Riparian 




Mesophytic Tall Shrub Bottom   




Prunus virginiana/Symphoricarpos occidentalis‐Poa pratensis  Woody Riparian 




Salix exigua/Scirpus americanus‐Juncus torreyi  Woody Riparian 




Mesophytic Deciduous Tree Bottom   




Populus deltoides/Bromus inermis  Woody Riparian 




Populus deltoides‐Acer negundo/Bromus inermis  Woody Riparian 




Populus deltoides/Symphoricarpos occidentalis‐Poa pratensis  Woody Riparian 




Populus deltoides‐Fraxinus pennsylvanica‐Acer negundo/Symphoricarpos occidentalis  Woody Riparian 




Populus deltoides‐Salix amygdaloides/Salix exigua  Woody Riparian 




Populus deltoides/Prunus virginiana  Woody Riparian 




Acer negundo/Bromus inermis  Woody Riparian 




Acer negundo/Spartina pectinata  Woody Riparian 




Fraxinus pennsylvanica/Poa pratensis  Woody Riparian 




Ponderosa Pine‐Juniper / Grass 




Drainage Juniperus scopulorum‐Pinus ponderosa / Symphoricarpos occidentalis‐
Agropyron smithii 




Woody Riparian 




Pinus ponderosa‐Juniperus scopulorum / Prunus virginiana  Woody Riparian 
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OTTER CREEK MINE 



EXHIBIT 313H:  MANAGEMENT OF EXPLORATION DRILL 



HOLES  



1.0 Introduction 



From time to time it may be necessary to drill additional developmental holes within the permit 



area to refine the geologic model or define crop and burn lines.  A prospecting permit will be 



obtained from the department for exploration drilling that is outside the permit area and will 



follow the requirements in ARM 17.24.1001 through 17.24.1004.  Drilling and drill hole 



reclamation procedures will follow the requirements of ARM 17.24.1005 through 17.24.1018 as 



described below.  It is not anticipated that test pits will be utilized as discussed in ARM 



17.24.1014. 



 



2.0 Drilling Procedures 



Drilling will employ a truck-mounted rotary drill accompanied by support vehicle(s) as required 



by drilling personnel and the supervising geologist.  Core drilling and sampling will be used for 



the coal seam.  For burn and crop line delineation, rotary holes will be used. If required 



overburden samples will be collected.  Upon completion of drilling activities, the hole will be 



reclaimed.   



 



The typical drill hole will range between 5 1/8 inches to 7 7/8 inches in diameter.  Drilling media 



to be used include air and water; use of drilling mud is not anticipated, but may be utilized if hole 



caving is encountered.  Water used for and produced by drilling will not be contained and will be 



allowed to infiltrate into the ground surface. 



 



Exploration holes will not be located near active streams, lakes, stock water ponds, wells or 



springs.  Disturbance of the land surface will be minimized by avoiding or minimizing grading of 



new roads and locating drill hole sites at locations where construction of drill pads will not be 



required.   
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Inside the permit area travel will be confined to mine roads during times when off-road travel 



would cause excessive damage to vegetation or erosion of the land surface.  Road construction, if 



required outside the permit area, will be limited to the minimum extent necessary to complete the 



drilling plan.  No earth moving for drill pads or disposal pits is anticipated. 



 



Drilling operations will be conducted to avoid degradation or diminution of any water supply and 



to avoid adverse impacts to existing or potential mining operations.  Conversion of exploration 



holes to water wells is not anticipated.  If necessary, appropriate techniques will be used to 



prevent the escape of water, oil or gas from drill holes, prevent the contamination of all surface 



and ground waters, and prevent inter-aquifer mixing and prevent aquifer contamination by 



surface drainage. 



 



3.0 Abandonment of Exploration Wells  



Any excess drilling muds will be removed from the site.  Excess drill cuttings will be spread to a 



depth of less than 1/2 inch.   



 



Drill hole plugging will be done when all sampling, logging or casing, and development is 



completed on the site.  Surface plugs will be placed in open holes at all times until final plugging 



is completed.   



 



Drill pads and mud pits generally are not required.  Any drill pads needed will be recontoured, 



retopsoiled, and seeded.  Any mud pits utilized will be filled, contoured, retopsoiled, and seeded.  



In areas where the use of drilling muds or additives require disposal, a pit shall be dug the width 



of a backhoe bucket at least ten feet long and six feet deep.  A minimum of four feet of existing 



trench material will be placed above the disposed material.  Areas disturbed by pits will be 



scarified, topsoiled, and revegetated.  Any pit that will remain open for a length of time will be 



fenced to exclude livestock.  The location will be seeded. 



 



If composed of proven toxic material, any excess drilling mud and drill cuttings will be disposed 



of properly so as not to constitute a fire, health, or safety hazard.  Disposal may consist of 



placement of such material into the mine backfill in accordance with the approved solid waste 



plan. 
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Drill hole abandonment procedures vary based on the location in relationship to advancing 



mining operations.  Therefore, the following drill hole abandonment and reclamation methods 



will be used. 



 Developmental drill holes in areas within one year of the topsoil removal will not require 



any abandonment procedures due to the imminent alteration caused by the pit advance. 



 Developmental drill holes in areas beyond a year but within two years of topsoil removal 



will be filled with drill hole cuttings.  A dry cement plug will be placed in the top five feet 



of the hole.  The location will not be reseeded. 



 Developmental drill holes in areas within the permit area and not included in the above 



areas will be filled with dry drill hole cuttings.  A wet mixed cement plug will be placed at 



the top five feet of the hole.  Reseeding will be conducted in areas outside the two-year pit 



advance. If aquifers are encountered bentonitic clay grout will be used in place of the drill 



hole cuttings.   



 For all other areas outside of the permit area (including exploration holes, monitoring 



wells, and production wells), drill holes will be abandoned in the following manner: 



o Holes that that have not lost circulation will be filled with bentonitic clay grout 



from the bottom of the hole to within two feet of the surface.  The remainder of the 



hole will be filled with cuttings or suitable soil material. 



o Holes that have lost circulation or if artesian conditions are encountered, a cement 



grout will be fill from the bottom of the hole to within two feet of the surface.  



Topsoil will be placed in the top two feet of the well. 



o A magnetic marker will be placed in the holes outside the permit area. 



 



Seeding will typically be performed in the fall or in the spring but will not be performed when 



the ground is frozen.  Generally, the seed will be broadcast and covered by harrowing, dragging, 



or hand raking.  The area will be seeded using the appropriate seed mixture. 
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4.0 Abandonment of Monitor Wells  



Monitor wells in the immediate path of mining will be mined through; wells completed in strata 



below the floor of the Knobloch coal will be filled with bentonite chips to at least the bottom-of-



coal elevation prior to removal.  Monitor wells no longer needed for their intended purpose that 



are not retained for the post-mining land use or converted to livestock water use will be filled 



with bentonite chips, the casing cut two feet below the land surface, and the site reclaimed. 



 



5.0 Other Exposed Underground Openings 



Other exposed underground openings are not anticipated.  If encountered, they will be 



abandoned in accordance with ARM 17.24.1005 or, with department approval, be cased, sealed, 



or otherwise managed to prevent acid or other toxic drainage from entering the ground or surface 



waters, to minimize disturbance to the prevailing hydrologic balance, and to ensure safety of 



people, livestock, fish and wildlife, and machinery in the permit area and adjacent areas. 



 



6.0 Transfer of Wells 



In the event of transfer of an exploration well or monitoring well to the surface owner for use as 



a livestock well, prior department approval will be obtained and the procedures of ARM 



17.24.647 will be followed. 



 



7.0 Safety 



Each prospecting well, other well, and all other exposed underground openings in the permit area 



will be temporarily protected during use by barricades, fences, or other protective devices. These 



devices will be routinely inspected and maintained in good operating condition. 








			1.0 Introduction


			2.0 Drilling Procedures


			3.0 Abandonment of Exploration Wells


			4.0 Abandonment of Monitor Wells


			5.0 Other Exposed Underground Openings


			6.0 Transfer of Wells


			7.0 Safety
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OTTER CREEK MINE 




EXHIBIT 313H CROSS REFERENCE:  MANAGEMENT OF 




BORE HOLES 




17.24.313(1)(I) BORE HOLES 




(i) a description, including appropriate cross-




sections and maps, of the measures to be used to 




seal or manage mine openings, and to plug, case, or 




manage prospecting holes, other bore holes, wells, 




and other openings within the proposed permit area 




in accordance with subchapter 9 and ARM 




17.24.1005; 




 




2.0  Drilling Procedures 




 




17.24.632 PERMANENT SEALING OF DRILLED HOLES 




(1) When no longer needed for its intended use as 




approved by the department and if not transferred 




as a water well under ARM 17.24.647, each 




prospecting hole, other drilled hole, borehole, or 




well must be abandoned according to the 




procedures described in ARM 17.24.1005.  Other 




exposed underground openings must also be 




abandoned in accordance with ARM 17.24.1005 or, 




with department approval, be cased, sealed, or 




otherwise managed to prevent acid or other toxic 




drainage from entering the ground or surface 




waters, to minimize disturbance to the prevailing 




hydrologic balance, and to ensure safety of people, 




livestock, fish and wildlife, and machinery in the 




permit area and adjacent areas. 




2.0  Drilling Procedures 




3.0  Abandonment of Monitor Wells 




4.0  Other Exposed Underground Openings 




 




 




17.24.647 TRANSFER OF WELLS 




(1) With prior approval of the department, the 




permittee may allow the surface owner to use a 




prospecting well or a monitoring well as a water 




well.  To obtain departmental approval, the surface 




owner must submit a written request for transfer 




and evidence that the well has been completed in 




compliance with standards established by the board 




of water well contractors.  The permittee remains 




responsible for proper management of the well and 




site until final bond release. 




5.0  Transfer of Wells 
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17.24.652 WELLS AND UNDERGROUND OPENINGS: SAFETY 




(1) Each prospecting well, other well, and all other 




exposed underground openings in the permit area 




must be temporarily sealed before use and 




temporarily protected during use by barricades, 




fences, or other protective devices approved by the 




department. The permittee shall periodically 




inspect these devices and maintain them in good 




operating condition. 




6.0  Safety 
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OTTER CREEK MINE 



EXHIBIT 313B:  BOND CALCULATION 



 



 



Exhibit 313B – Bond Calculation will be submitted upon permit issuance. 
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OTTER CREEK MINE 


17.24.314 PLAN FOR PROTECTION OF THE HYDROLOGIC BALANCE 


17.24.314(1) 


Exhibit 314A – Protection of the Hydrologic Balance provides a a detailed description, supported 


by appropriate maps, data, and other graphics, of the measures to be taken during and after the 


proposed mining activities to minimize disturbance of the hydrologic balance on and off the 


mine plan area and to prevent material damage to the hydrologic balance outside the permit area 


in accordance with subchapters 4 through 9.  The measures employed will minimize disturbance 


of the hydrologic balance sufficiently to sustain the approved post-mining land use and the 


performance standards of subchapters 5 through 12 and provide protection of:  


(a) the quality of surface and ground water systems, within both the proposed mine plan and 


adjacent areas, from the adverse effects of the proposed strip or underground mine operations;  


(b) the rights of present users of surface and ground water; and  


(c) the quantity of surface and ground water within both the proposed mine plan area and 


adjacent areas from adverse effects of the proposed mining activities, or to provide alternative 


sources of water in accordance with ARM 17.24.304 (5) and (6), and 17.24.648, where the 


protection of quantity cannot be ensured.  


 


17.24.314(2) 


The description includes:  


(a) a plan for the control, in accordance with ARM 17.24.631 through 17.24.652, of surface and 


ground water drainage into, through and out of the proposed mine plan area.  See also Map 11 – 


Operational Drainage Control, and Map 14 – Post-Mining Drainage Control Plan.  


(b) a plan for the treatment, where required, of surface and ground water drainage from the area 


to be disturbed by the proposed operations, and proposed quantitative limits on pollutants in 


discharges subject to ARM 17.24.633 or other applicable state or federal laws.  Design 


specifications, drawings, method of operation and control, and quality of discharge of the 


treatment facilities are addressed in Exhibit 315A – Ponds and Embankments.    
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(c) a plan for the restoration of the approximate recharge capacity of the mine plan area in 


accordance with ARM 17.24.644.  


(d) Exhibit 314B – Hydrologic Monitoring describes the plans for monitoring and semi-annual 


reporting of ground and surface water quality and quantity data collected and analyzed in 


accordance with ARM 17.24.304(5) and (6), 17.24.645 and 17.24.646.  


 


17.24.314(3) 


Exhibit 314C - Probable Hydrologic Consequences is a determination pursuant to (1) and (2) of 


this rule of the probable hydrologic consequences of the proposed mining operation, on the 


proposed mine plan area and adjacent areas, with respect to the hydrologic balance. This 


determination:  


(a) is based on appropriate information on environmental resources addressed in ARM 17.24.304 


and other relevant information;  


(b) lists and summarizes all probable hydrologic consequences of the proposed mining operation 


including:  


(i) describes whether adverse impacts may occur to the hydrologic balance;  


(ii) describes whether acid-forming or toxic-forming materials that could result in the 


contamination of surface or ground water supplies are present;  


(iii) addresses whether the proposed operation may proximately result in contamination, 


diminution or interruption of an underground or surface source of water within the proposed 


permit or adjacent areas which is used for domestic, agricultural, industrial or other legitimate 


purpose; and  


(iv) what impact the proposed operation will have on:  


(A) sediment yields from the disturbed area;  


(B) acidity, total suspended and dissolved solids, and other important water quality parameters of 


local impact;  


(C) flooding or streamflow alteration;  


(D) ground water and surface water availability; and 


(E) other characteristics as required by the department; and  
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(c) explains to what extent each hydrologic consequence can be mitigated by measures taken 


pursuant to (1) and (2) of this rule.  


 


17.24.314(4) 


No response required. 


 


17.24.314(5) 


To assist the department in its preparation of an assessment of the cumulative hydrologic impacts 


of the proposed operation and all anticipated mining upon surface and ground water systems in 


the cumulative impact area, Exhibit 314C - Probable Hydrologic Consequences includes 


assessment of the cumulative hydrologic impacts of the eventual mining of Otter Creek Tracts 1 


and 3 in addition to Tract 2.   





		17.24.314(1)

		17.24.314(2)

		17.24.314(3)

		17.24.314(4)

		17.24.314(5)
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OTTER CREEK MINE  



EXHIBIT 314B 



HYDROLOGIC MONITORING AND SAMPLING PLAN 



 



 



1.0  INTRODUCTION 



 



The proposed Otter Creek Mine is located in Tract 2 of the Otter Creek Coal Tracts in 



northwestern Powder River County approximately five miles southeast of Ashland, Montana 



as shown on Figure 1-1.  Initial development of the Knobloch Coal resource is planned 



within Township 4 South, Range 45 East.  



 



1.1  PURPOSE 



This monitoring plan outlines surface water and groundwater sites that will be monitored at 



the Otter Creek Mine during mining and reclamation, through final bond release.  Included 



are monitoring/sampling locations, sample collection methodologies, frequency of sampling 



and monitoring, analytical parameters, and reporting.   



 



This plan focuses on the Tract 2 mining area, and in particular, the areas that drain the 



proposed mining area to Otter Creek and Threemile Creek.  Some monitoring will be 



conducted in the Tenmile Creek drainage and will provide baseline reference information for 



areas where disturbance is not currently planned.  In the proposed mine area and portions of 



Otter Creek the groundwater relationship between overburden, the Knobloch coal seam and 



the Otter Creek alluvium will be monitored.  In addition, hydrologic conditions in Tract 1 and 



Tract 3, and other adjacent areas will be monitored to the extent appropriate to project 



cumulative impacts associated with mining Tract 2 and eventual mining of the entire coal 



reserve. 



 



1.2  REGULATORY REQUIREMENTS 



This monitoring plan along with semi-annual reporting of results of surface water and 



groundwater monitoring/sampling will comply with the applicable requirements in the 
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Administrative Rules of Montana (ARM) including 17.24.302 17.24.304, 17.24.314, 



17.24.645 and 17.24.646, and current accepted industry methods.    Data collection and 



analysis will also comply with requirements of ARM 17.24.302 and current accepted industry 



methods.   



 



Hydrogeological data obtained pursuant to the Plan will be sufficient to define changes in 



surface water and groundwater conditions in and along Otter Creek and surrounding areas.   



 



1.3  GENERAL HYDROGEOLOGICAL SETTING 



Topographically, the surface water resources in coal Tract 1, Tract 2, and Tract 3 drain to 



Otter Creek.  Otter Creek also serves as a hydrologic divide in the area.  The projected 



mining area, Tract 2 as shown on Plate 1, drains to Otter Creek and Threemile Creek 



(tributary to Otter Creek).  While the southern portion of Tract 2 drains to Tenmile Creek, 



initial mining is not planned in the Tenmile Creek drainage nor the west side of Otter Creek 



(Tract 3). 



 



Groundwater in the proposed mine area exists in hydro-stratigraphic units of the Tongue 



River Member of the Fort Union Formation and Quaternary alluvial and colluvial deposits.  



Hydro-stratigraphic units in the Tongue River Member within the proposed mine area are 



typically fine-grained, silty sandstones overlying the Knobloch Coal, the Knobloch Coal and 



sandstone units between the Knobloch coal and the Flowers-Goodale coal.  



 



Groundwater also may be found in deeper members of the Fort Union Formation (Lebo Shale 



and Tullock Member), Hell Creek Formation and Fox Hills Formation.  These units are 



beyond the scope of the proposed monitoring.   



 



Groundwater in alluvium and colluvium occur in drainage bottoms and flanks of drainages.  



Alluvium is typically a mixture of silt, sand, and gravel.  Colluvium is typically clay and silt 



with a minor sand component and occurs along valley margins.  Where present, the 



colluvium may interfinger with the alluvial deposits.  Groundwater in these systems flows 



downstream, typically under gradients similar to the associated drainage bottoms. 
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2.0 SCOPE OF WORK 



2.1  WATER RESOURCE MONITORING NETWORKS 



Groundwater and surface water monitoring described in this Plan is intended to guide 



collection of water resources data to allow early detection of changes in quality or quantity.  



Further, data collected is expected to be sufficient to support evaluation of changes detected 



and potential relation to mining activities.  The basis of the water resources monitoring 



program will be the network of wells and surface water sites that was established for 



collection of baseline data. 



 



Groundwater and surface water monitoring associated with the Otter Creek Mine will consist 



of a network of sites positioned to allow early detection of changes in the hydrologic system 



near the mine and to monitor water levels and quality at distance from the mine.  Surface 



water will be monitored at nine stream sites and two ponds.  Fortune Spring and Coal Creek 



Spring will also be monitored as surface water, except that samples submitted for analysis 



will be handled as groundwater.  Groundwater will be monitored at 59 wells. 



 



Surface water and groundwater monitoring are described in section 3 and section 4, 



respectively.  Field operating procedures are in Appendix A. 
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3.0 SURFACE WATER MONITORING 



3.1 SURFACE WATER MONITORING NETWORK 



Twenty-four surface water monitoring locations were established along Otter Creek, 



Threemile Creek, Tenmile Creek as well as unnamed, representative ephemeral and/or 



intermittent drainages near the proposed mine to collect baseline data.  Nine of the sites 



established during baseline studies will continue to be monitored for surface water flow and 



quality near the mine.  Two ponds, located near the proposed mine, will be monitored for 



water quality and level.  Two springs, Fortune Spring and Coal Creek Spring, will be 



monitored for water quality and flow.  Table 3-1 lists all surface water monitoring sites; the 



locations of these sites are shown on Plate 1.   



 



3.2 MONITORING SCHEDULE 



Surface water monitoring will be conducted in accordance with the monitoring schedule 



shown on Table 3-1. 



 



3.3 METHODS 



Collection of surface water data will be conducted in accordance with standard field 



operating procedures contained in Appendix A.  Methods used will be consistent with those 



used during baseline collection and in accordance with accepted industry standards. 



 



3.3.1 Surface Water Level Monitoring 



Stage height and flow will be measured at surface water sites that have a well-defined 



channel and sufficient surface flow for accurate measurement in accordance with methods 



HF-SOP-15 or HF-SOP-24, as appropriate.  Surface water sites will be monitored for water 



levels and sampled for water quality twice a year.   



 



Surface water sites along Otter Creek (SW-2, SW-16, and SW-22) are equipped with stilling 



wells.  Each site is instrumented with an electronic pressure transducer and datalogger.  Each 



site has been surveyed.  Electronic data will periodically be downloaded and compiled in the 



project database.  Rating curves developed during the baseline period will be revised based 
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on field measurement of flow at these sites.  Recorded stage height will be converted to flow 



rate and recorded in the project database. 



 



3.3.2 Seeps, Springs and Pond Monitoring 



Springs and ponds will be monitored for water levels and sampled for water quality on a 



semi-annual basis.  Survey benchmarks were established at each pond during the baseline 



period to allow the ponded water surface elevation to be calculated.  The calculated water 



elevation will be entered in the project database. 



 



3.3.3   Surface Water Quality Sampling 



Surface water quality samples will be collected from passive grab sample sites or during 



periods of ephemeral flow when feasible.  Surface water sample collection is described in 



Appendix A.  Samples will be placed on ice immediately after collection and transported to a 



certified analytical laboratory for analysis.  Surface water samples will be analyzed for 



parameters list in Table 3-2.  Metals in surface water will be analyzed for total recoverable.  



Results of the analysis will undergo a validation process (Section 5) to ensure data quality. 
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4.0 GROUNDWATER MONITORING 



4.1 GROUNDWATER MONITORING NETWORK 



Monitoring wells installed for baseline studies will be the foundation of groundwater 



monitoring at the Otter Creek Mine.  In addition to using 50 wells established for baseline 



monitoring, eight additional wells will be installed and incorporated into the monitoring 



program.  Wells to be installed include two batteries of wells on U.S. Forest Service property 



east of the mine.  Each battery will include at a minimum, one well installed into the 



overburden, Knobloch Coal, and the Knobloch Coal underburden.  Additional wells may be 



installed if the coal is split at either location.  In addition, one well will be installed in the 



Otter Creek alluvium near the northwestern permit boundary and one well will be installed in 



clinker near the downgradient permit boundary.  Table 4-1 provides a list of wells that will 



comprise the groundwater monitoring program.  Locations of these wells are shown on Plate 



1. 



 



Nomenclature used for monitoring well identification is as follows: 



Hydrogeologic Unit Designation Completion Interval 



Alluvium 



Alluvial Valley Floor 



A-# 



AVF-# 



Alluvium or wells completed as 



part of alluvial valley floor cross 



sections 



Clinker (individual, well 



batteries, or AVF sections) 



C# Baked shale, clinker 



Bedrock Monitoring Wells: B#- “B” designated battery of wells 



Overburden (included in well 



batteries) 



-O Knobloch overburden, bedrock 



units 



Knobloch Coal  -K Knobloch Coal 



Underburden  -U Knobloch Coal Underburden – 



first water below Knobloch Coal 



 



4.2 MONITORING SCHEDULE 



Groundwater monitoring will be conducted in accordance with the monitoring schedule 



shown on Table 4-1.  Samples collected for analysis will be analyzed at a certified laboratory 



for the analytical parameters shown on Table 4-2. 
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4.3.1  Groundwater Level Monitoring 



Water levels in network wells will be monitored according to the schedule shown on Table  



4-1.  Water levels will be measured using electronic water level probes.  Water level data will 



be entered into the project database so hydrographs, showing water level trends, may be 



developed.  Two wells (A-8, C-5) which will be installed prior to mining, will be equipped 



with pressure transducers and continuous recorders.   



 



4.3.2  Groundwater Quality Sampling 



Groundwater quality data will be collected on either an annual or semi-annual basis as shown 



on Table 4-1.  Samples will be collected, processed and analyzed in accordance with standard 



operating procedures described in Appendix A.  Well purging and water quality sampling 



will be conducted using either submersible pumps or by bailing in accordance with methods 



described in Appendix A.   
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5.0  QUALITY ASSURANCE/QUALITY CONTROL 



5.1 QUALITY CONTROL 



Quality control (QC) will be evaluated using field quality control samples (field blanks, 



rinsate blanks, duplicates), and laboratory control samples (matrix spikes, laboratory blanks, 



laboratory duplicates, and laboratory control samples).  Surface water and groundwater QC 



samples will consist of one duplicate, one rinsate blank and one DI blank per 20 samples.  



Quality control will be used to evaluate precision and accuracy of the water quality analyses. 



 



5.2 QUALITY ASSURANCE 



Data obtained through field measurements and laboratory analyses will be entered into the 



project database.  Information contained in the database will be validated by checking 



laboratory quality control results as well as results of field control samples. Data validation 



reports will be included in semi-annual reports to the Montana Department of Environmental 



Quality (MDEQ). 



 



 



5.3 COMPILE AND EVALUATE DATA 



Surface water and groundwater data, including water levels, flow and hydraulic parameters 



will be utilized to prepare a conceptual hydrologic model of the area for use in completion of 



the baseline monitoring report. 
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6.0 REPORTING  



In accordance with ARM 17.24.645 (8), results of water resource monitoring will be reported 



to the MDEQ on a semi-annual basis.  Each report will contain a summary of monitoring 



activities during the previous six-month period, analytical results, and a description of any 



anomolies identified through the monitoring program.   
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OTTER CREEK MINE 
EXHIBIT 314B APPENDIX A 




 




HYDROMETRICS STANDARD  




SAMPLE COLLECTION AND FIELD MEASUREMENT PROCEDURES 




  




Stage and Flow Measurement 




SOP # TITLE 




HF-SOP-3 Preservation And Storage Of Inorganic Water Samples© 




HF-SOP-10 Water Level Measurement With An Electric Probe 




HF-SOP-11 Sampling Monitoring Wells For Inorganic Parameters 




HF-SOP-15 Measurement of Stream or Pond Stage 




HF-SOP-17 Streamflow Measurement Using a Parshall Flume 




HF-SOP-19 Obtaining Water Quality Samples From Streams© 




HF-SOP-20 Field Measurement Of pH Using A pH Meter 




HF-SOP-24 Streamflow Measurement Using Crest-Stage Gage 




HF-SOP-25 Streamflow Measurement Using a Weir 




HF-SOP-26 Streamflow Measurement Using a Flume 




HF-SOP-27 Flow Estimation Method for Springs and Culverts 




HF-SOP-32 Preservation And Storage Of Organic Water Samples © 




HF-SOP-37 Streamflow Measurement Using a Marsh-McBirney Water 
Current Meter 




HF-SOP-44 Flow Measurements Using a Portable 90 V-Notch Cutthroat 
Flume 




HF-SOP-46 Streamflow Measurement Using a Portable 3-Inch Parshall 
Flume (Montana Flume) 




HF-SOP-50 Synoptic Runs on Streams 




HF-SOP-66 Collection, Preservation And Storage Of Water Samples Using 
USGS Clean Analytical Techniques© 




HF-SOP-73 Filtration Of Water Samples© 




HF-SOP-79 Field Measurement Of Specific Conductivity 




HSOP-2 Determination, Identification, And Description Of Field 
Sampling Sites 




HSOP-4 Chain-Of-Custody Procedures, Packing, And Shipping Samples 
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HSOP-7 Decontamination Of Sampling Equipment 




HSOP-13 Equipment Rinsate Blank Collection 




HSOP-29 Labeling And Documentation Of Samples 




HSOP-31 Field Notebooks 
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STANDARD OPERATING PROCEDURE 
 




PRESERVATION AND STORAGE OF INORGANIC WATER SAMPLES© 
HF-SOP-3 




 
 
1.0 PURPOSE 
 
An important factor in obtaining representative water quality data is the preservation and storage 
of samples.  Preservation is designed to: 
 




1. Retard biological activity; 




2. Retard chemical reactions; and 




3. Reduce volatility of constituents. 




 
Preservation generally includes chemical additives, pH control, refrigeration, proper container 
materials, and immediate field filtration for dissolved constituents. 
 
 
2.0 EQUIPMENT 
 
Table 1 (attached) lists recommended preservatives, containers and holding times for various 
parameters.  Be sure to assemble all the required containers, preservatives, and filters, as 
required, before leaving for the field. 
 
 
3.0 PROCEDURE 
 
In all cases where dissolved constituents are to be measured, the sample will be field-filtered 
through a 0.45 micron filter prior to addition of a preservative.  Samples will be preserved 
according to guidelines presented in Table 1, and will remain refrigerated or in coolers with ice 
until analysis. 
 
Complete sampling form for groundwater or surface water (HF-FORM-430). 
 
 
4.0 REFERENCES 
 
U.S. EPA, 1983.  Methods for Chemical Analysis of Water and Wastes, EPA-600/4-79-020, 3rd 
Edition. 















Hydrometrics, Inc. Consulting Scientists and Engineers 




 
 




h:\projects\otrcr\permit application\314\exhibit 314b_hydrologic monitoring plan\appendix a\hfsop-3.doc\\7/6/12\034 
Revised 4/97     2    07/24/12 4:04 PM 




TABLE 1. REQUIRED CONTAINERS, PRESERVATION  
  TECHNIQUES AND HOLDING TIMES 




 
          Maximum 
Parameters   Container1  Preservative  Holding Time 




Specific   T, P, G   Field determined  None 
Electrical 
Conductivity 
 
Total Dissolved  P, G   Cool, 4°C   7 Days 
Solids (TDS) 
 
Total Suspended P, G   Cool, 4°C   7 Days 
Solids (TSS) 
 
pH    T, P, G   Field determined  None 
 
Dissolved Oxygen G bottle  None required  Analyze 
(DO)    and top      immediately 
 
Temperature  P, G   None required  Analyze 
          immediately 
 
Eh    P, G   None required  Analyze 
          immediately 
 
Alkalinity   P, G   Cool, 4°C   14 days 
 
Calcium (Ca)  P, G   HNO3 to pH <2  6 months 
 
Magnesium (Mg) P, G   HNO3 to pH <2  6 months 
 
Sodium (Na)  P, G   HNO3 to pH <2  6 months 
 
Potassium (K)  P, G   HNO3 to pH <2  6 months 
 
Bicarbonate  P, G   Cool, 4°C   14 days 
(HCO3) 
 
Carbonate (CO3) P, G   Cool, 4°C   14 days 
 
1 T = Teflon; P = Polyethylene;  G = Glass 
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TABLE 1 (Continued).   REQUIRED CONTAINERS, PRESERVATION  
   TECHNIQUES AND HOLDING TIMES 




 
          Maximum 
Parameters   Container1  Preservative  Holding Time 




Sulfate (SO4)  T, P, G   Cool, 4°C   28 days 
 
Chloride (Cl)  T, P, G   Cool, 4°C   28 days 
 
Silica (Si)   P   Cool, 4°C   28 days 
 
Fluoride (F)  T, P   HNO3 to pH <2  28 days 
 
 
METALS* 
 
Aluminum (Al)  T, P   HNO3 to pH <2  6 months 
 
Antimony (Sb)  T, P   HNO3 to pH <2  6 months 
 
Arsenic (As)  T, P   HNO3 to pH <2  6 months 
 
Barium (Ba)  T, P   HNO3 to pH <2  6 months 
 
Beryllium (Be)  T, P   HNO3 to pH <2  6 months 
 
Cadmium (Cd)  T, P   HNO3 to pH <2  6 months 
 
Chromium (Cr)  T, P   HNO3 to pH <2  6 months 
 
Cobalt (Co)  T, P   HNO3 to pH <2  6 months 
 
Copper (Cu)  T, P   HNO3 to pH <2  6 months 
 
Iron (Fe)   T, P   HNO3 to pH <2  6 months 
 
Lead (Pb)   T, P   HNO3 to pH <2  6 months 
 
Manganese (Mn) T, P   HNO3 to pH <2  6 months 
 
   1 T = Teflon; P = Polyethylene;  G = Glass 




   * Dissolved metals are filtered on site with 0.45 micron filter.  Total metals are not filtered. 
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TABLE 1 (Continued).   REQUIRED CONTAINERS, PRESERVATION  
   TECHNIQUES AND HOLDING TIMES 




 
          Maximum 
Parameters   Container1  Preservative  Holding Time 




Mercury (Hg)  T, P   HNO3 to pH <2  28 days 
 
Nickel (Ni)   T, P   HNO3 to pH <2  6 months 
 
Selenium (Se)  T, P   HNO3 to pH <2  6 months 
 
Silver (Ag)   T, P   HNO3 to pH <2  6 months 
          (in dark place) 
 
Tin (Sn)   T, P   HNO3 to pH <2  6 months 
 
Thallium (Th)  T, P   HNO3 to pH <2  6 months 
 
Vanadium (V)  T, P   HNO3 to pH <2  6 months 
 
Zinc (Zn)   T, P   HNO3 to pH <2  6 months 
 
 
PHOSPHORUS (P) 
 
Orthophosphate   P, G   Filter on site,  48 hours 
(PO4), Dissolved    Cool, 4°C 
 
Orthophosphate,  P, G   Cool, 4°C   48 hours 
Total 
 
Hydrolyzable  P, G   Cool, 4°C   28 days 
       H2SO4 to pH <2 
 
Total    P, G   Cool, 4°C   28 days 
       H2SO4 to pH <2 
 
Total, Dissolved  P, G   Filter on site  24 hours 
       Cool, 4°C 
       H2SO4 to pH <2 
 
   1 T = Teflon; P = Polyethylene;  G = Glass 
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TABLE 1 (Continued).   REQUIRED CONTAINERS, PRESERVATION  
   TECHNIQUES AND HOLDING TIMES 




 
          Maximum 
Parameters   Container1  Preservative  Holding Time 




 
NUTRIENTS 
 
Ammonia   P, G   Cool, 4°C   28 days 
       H2SO4 to pH <2 
 
Kjeldahl, Tota l P, G   Cool, 4°C   28 days 
       H2SO4 to pH <2 
 
Nitrate plus  P, G   Cool, 4°C   28 days 
Nitrite      H2SO4 to pH <2 
 
Nitrate (NO3)  T, P, G   Cool, 4°C   48 hours 
           or 
       Cool, 4°C   14 days 
       H2SO4 to pH <2 
 
Nitrite (NO2)  P, G   Cool, 4°C   48 hours 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
   1 T = Teflon; P = Polyethylene;  G = Glass 
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STANDARD OPERATING PROCEDURE 
 




WATER LEVEL MEASUREMENT WITH AN ELECTRIC PROBE 




HF-SOP-10 
 
 
 
1.0 PURPOSE 
 
This procedure applies to all water level measurements obtained using an electric probe.  
Normally, this procedure is used for measurement of water levels in wells.  All electrical probes 
used, such as an Olympic Well Probe or Solinst, must have permanent depth markers placed at a 
minimum of every five feet on the probe wire or must have a direct reading tape. 
 
 
2.0 EQUIPMENT 
 




 Electronic probe; 




 Water level measurement form  (HF-FORM-430, Water Sampling Form); 




 Field notebook; and 




 Probe calibration data. 
 
 
3.0 PROCEDURE 
 
The water level is obtained by lowering the probe until contact is made between the probe tip 
and the water surface.  The contact point is carefully checked by a slight lowering and raising of 
the probe and simultaneously observing the needle deflection, buzzer or light on the meter.  For 
accurate measurements, the wire line must be straight as the probe is lowered.  This is 
particularly important for the first few feet of line.  Water depth is determined by direct reading 
of the probe wire or by measurement of the wire to the center of the nearest large marker and 
addition or subtraction from the marker value.   
 
Water level measurements are referenced to the measuring point (MP).  Normally, the MP is the 
top of a well casing but may be some other point.  The MP used must be described.  The north 
edge of the casing is usually marked or notched and all water level measurements are referred to 
this marked point.   
 
 
3.1 CALIBRATION 
 
All electric probes must be periodically calibrated.  Normally, calibration is once or twice per 
year but, if the probe has been rebuilt, stretched, or replaced, it also must be recalibrated.  For 
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recalibration, the electrical line is laid out on a flat surface and stretched to approximate its 
normal hanging weight.  A steel tape graduated in 0.01 foot increments is used to determine 
probe accuracy.  Additionally, the probe must be placed in wells with differing water levels and 
water depth measured and compared with a steel tape.  A calibration record with correction 
factor is developed and placed in the equipment calibration file.  This calibration record is used 
in the field to correct probe readings.   
 
3.2 MEASUREMENT ACCURACY 
 
All water levels and calibrations are normally measured to the nearest 0.01 foot.  Probe data are 
considered accurate to 0.05 feet under good measurement and calibration conditions and to 0.10 
feet under normal conditions.  For deep or difficult conditions, accuracy may be less than 0.10 
feet.  
 
3.3 PROBE DECONTAMINATION 
 
For projects where cross-contamination of wells may be a problem, the well probe and line must 
be decontaminated between measurement sites.  This is particularly important when measuring 
wells containing substances such as PAH (polyaromatic hydrocarbons), pesticides, petroleum 
products and some metals. 
 
Decontamination must include cleaning the probe and wire line.  Most organics can be removed 
by wiping the line, then using detergent in water followed by acetone or methanol, followed by 
rinsing with DI (deionized) water. 
 
Many inorganics can be removed by wiping the wire line and rinsing the probe in DI water.  
Specific attention must be paid to any sediment, rust or dirt on the wire line.   
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STANDARD OPERATING PROCEDURE 
 




SAMPLING MONITORING WELLS FOR INORGANIC PARAMETERS 




HF-SOP-11 
 
 
1.0 PURPOSE 
 
This procedure describes the methods to be used in collection of groundwater samples from 
wells.  The procedure is designed for wells where inorganic constituents are of primary concern. 
Methods presented in this SOP are based on recent USGS guidance (USGS, 1999). 
 
 
2.0 EQUIPMENT 
 
Bailers, submersible pumps, sample containers and water level electric probe. Other sampling 
equipment may be required for specific tasks.  Other general equipment may include: 
 




 Distilled or deionized water; 




 Sampling sheets; 




 Samplers notebook; 




 Coolers; 




 Preservatives; 




 0.45 m filter apparatus with inert filters; 




 Chemical-free paper towels; 




 Properly cleaned sample containers of an appropriate volume; and 




 Stopwatch or watch with second hand. 
 
 
3.0 PROCEDURE 




 
A. Unlock and open well. 
 
B. Obtain water level measurement (see water level HF-SOP-10).  If total well depth is 




unknown, measure total depth by sounding well.  NOTE:  electric water level probes 
are typically not recommended for sounding wells; instead, use a weighted 
measuring tape or other equipment. 




 
C. Calculate well volume (see calculation on HF-FORM-430) as [(H) x (D)2] / 25, 




where H = height of water column (feet), and D = well diameter (inches). 
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D. Purge well using an appropriate device (bailer, pump, etc.).  Standard procedure 
involves removal of a minimum of three well volumes of water while monitoring 
field measurements and water level over time.  In addition, purge volume should be 
adequate to remove water from the well annulus (filter pack).  Record all pertinent 
purging information in field notebook and/or on field sampling forms, including: 




 
 Purge method, rate, and total volume; 
 Field parameter measurements; 
 Water level changes (drawdown/recovery); 
 Location of pump intake; and 
 Other information. 




 
The USGS (1999) recommends pumping or otherwise purging at a rate that does not 
significantly lower the water level.  Toward the end of purging, a minimum of five 
sets of field parameters should be collected at regular intervals while pumping at the 
rate to be used for sampling.  Use of a flow cell for field parameter monitoring is 
recommended.  Field parameters are considered “stable” when the variability 
between five sequential measurements is as follows: 
 
Parameter Stability Criteria 
pH +0.1 
Temperature (C) +0.2 
SC (mhos/cm) +5% (SC < 100) or +3% (SC > 100) 
Dissolved oxygen (mg/L) +0.3 
Turbidity (NTU) +10% (NTU < 100) 




 
Modifications of the standard purge procedure are allowable if site conditions, the 
project work plan, or study objectives dictate such modifications.  At a minimum, 
sufficient water must be removed to rinse equipment and sample bottles, and field 
measurements must be monitored prior to sampling.  Low-flow (micropurge) 
techniques are discussed in a separate procedure (HF-SOP-105). 




 
E. Samples are collected after a sufficient purge volume is withdrawn and/or field 




parameters have stabilized and final field measurements have been collected.  Bottles 
are filled directly from discharge from the well or from another clean container.  
Considerable care should be taken to minimize entrainment of air, particularly if 
bailers are used for sampling. 




 
F. Preserve and store samples as appropriate for the intended laboratory analysis. 




Collect final water level measurements if desired to determine water level recovery 
following purging. 
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4.0 DECONTAMINATION 
 
If cross contamination of sampled wells is a potential problem, the following procedure should 
be followed: 
 




A. Design sampling to proceed from the best quality water to the poorest quality water; 
and 




 
B. Rinse the pumping apparatus or bailer between holes if well yields are too low to 




supply sufficient water to purge the pump, water hose or bailer. 
 
If contamination is a problem, dedicated pumps or bailers should be used to ensure the samples 
are representative of site conditions (see Decontamination of Sampling Equipment HF-SOP-7). 
 
 
5.0 ASSOCIATED DOCUMENTS 
 
A. Decontamination of Sampling Equipment (HF-SOP-7) 




B. Water Level Measurement with an Electric Probe (HF-SOP-10) 




 
The following forms will be completed and retained in the project file: 
 
A. Water Sampling Form (HF-FORM-430); 




B. Chain-of-Custody Form (HF-FORM-1); and 




C. Shipping receipts. 




 




6.0 REFERENCES 




 




USGS, 1999.  National Field Manual for the Collection of Water-Quality Data:  Chapter A4, 
Collection of Water Samples.  USGS TWRI Book 9, September 1999. 
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STANDARD OPERATING PROCEDURE 
 




MEASUREMENT OF STREAM OR POND STAGE© 




HF-SOP-15 




 
1.0 PURPOSE 
 
The purpose of this procedure is to provide an accurate method of measuring the height of water 
either in a lake or pond or flowing in a stream. This height, when combined with stage-elevation-
volume or stage-discharge relationships determined by other procedures, can be used to estimate 
streamflow or pond volume.  
 
 
2.0 EQUIPMENT 
 




 Standard staff gage (Figure 1); and 




 Weight-tape gage. 




 
3.0 PROCEDURE 
 
Stage at surface water sites will be measured using a standard staff gage (Figure 1) or a weight-
tape gage.  A weight-tape gage consists of a graduated steel tape and a small cylindrical or 
conical weight.  The weight-tape gage will be used at stations with fixed reference points (such 
as a culvert top or bridge).  Staff gages will be installed at stations without fixed reference points. 
 Water sage measurements are then read directly from the graduations on the staff gage (see 
Figure 1). 
 
For situations where these techniques cannot be used, a steel rebar or other measuring point will 
be installed.  The stream or pond stage will be determined by measuring the difference in 
elevation between the measuring point and the water surface.  Typical accuracy is 0.01 feet using 
a surveying instrument and + 0.05 using a hand level.  Record stage, method surveyed, 
measuring point location and elevation.   
 
 
4.0 ASSOCIATED REFERENCES 
 
U.S. Bureau of Reclamation, 1975.  Water Measurement Manual. 
 
U. S. Geological Survey, 1977.  National Handbook of Recommended Methods for Water Data 
Acquisition.   
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FIGURE 1. STANDARD WEIR OR STAFF GAGE 
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STANDARD OPERATING PROCEDURE 
 




STREAMFLOW MEASUREMENT USING A PARSHALL FLUME ©  




HF-SOP-17 
 
 
1.0 PURPOSE 
 
A flume is an artificial control feature built in a stream to stabilize the stage-discharge 
relationship and, therefore, simplify the procedure of obtaining accurate and continuous records 
of discharge.  The most commonly used flume is the Parshall flume. 
 
2.0 PROCEDURE 
 
To obtain a valid reading from an installed Parshall flume, the following procedure must be 
followed. 
 




 Check to be sure the flume is level both across the stream and parallel to the stream. 
 
 Clear stream debris such as rocks, mud, sand and vegetation from flume and vicinity. 




 The upstream approach to the flume also must be clean and clear so water enters the 
flume in a smooth manner and the downstream section has a good "get away".  
Water downstream of the flume must not back up and cause a slow flow at the 
downstream end. 




 
 Record height of water (H) on staff gage in flume.  Normally a staff gage is placed 




on the side of the flume.  CAREFULLY read this gage to be sure of the water height. 
 Record stage to hundredth of a foot. 




 
2.1 CALCULATIONS 
 
Calculate flow rate using the following equation: 
 
               .026 
   Q =   4WH 1.522W 
 
 Where: W = Throat width in feet.  The throat width is generally either 1.0, 1.5 or 




2.0 feet wide.   
 
   H =   Height of water on staff gage in flume in feet. 




   Q = flow in cfs (cubic feet per second). 
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 Example Calculations: 
 
 If the stage gage reads 1.86 feet with a 2.0 ft throat, then: 
 
 
  Q =  4 x 2.0 x  [1.86 EXP 1.522 (1.86) 0.026 ] =  20.9 cfs 
 
 
3.0 CALIBRATION 
 
Calibration of Parshall flumes is based on standardized manufacturing tolerances.  Field 
calibration is not practical.  If the flumes are constructed and installed correctly, calibration is not 
necessary. 
 
 
4.0 REFERENCES 
 
Stevens Water Resources Data Book, 4th Edition, January 1987, Edited and published by 




Leupold and Stevens, Inc., Oregon, USA, p. 45-48, 118-139. 
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STANDARD OPERATING PROCEDURE 
 




OBTAINING WATER QUALITY SAMPLES FROM STREAMS© 
HF-SOP-19 




 
 
1.0 PURPOSE 
 
The type of samples described in the following are "grab samples".  They represent the water 
quality at one point for one time period.  This is a commonly employed method of water quality 
sampling and the purpose of this procedure is to standardize sampling. 
 
 
2.0 EQUIPMENT 
 




 Sampler's field notebook; 




 Water Sampling Form  (HF-FORM-430); 




 Clean sample bottles and labels; 




 Preservatives; 




 Coolers, ice; 




 0.45 micron filter apparatus with inert filters; 




 Distilled, deionized water; and 




 Custody seals if required by project. 
 
 
3.0 PROCEDURE 
 
3.1 Select a station where the water quality sample would best represent the hydrochemistry 




of the stream segment.  This could be a rapids or fast moving section of a stream.  Avoid 
stagnant areas.  Do not sample downstream from a tributary unless complete mixing has 
occurred.  If possible, choose an accessible site for streams to be monitored regularly.  
Avoid sampling downstream of road crossings, sample upstream if at all possible. 




 
3.2 Measure and record stage and/or flow (see appropriate stage and streamflow measurement 




Standard Operating Procedure). 
 
3.3 Label each sample bottle with the appropriate information in accordance with the field 




procedure.  Complete the Water Sampling Form (HF-FORM-430) (a copy of which is 
attached). 




 
3.4 If the sample bottle does not contain preservatives, bottle and cap should be rinsed three 




times with sample water before the actual sample is collected.  A distilled, deionized water 
rinse can be used as an alternative in some situations. 
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3.5 Conditions at the surface of stream environments may differ significantly from conditions 




within the water column due to the presence of buoyant contaminants (dust, pollen, 
leaves, etc.).  In most cases, inclusion of the surface layer in the integrated sample is 
desirable.  However, if conditions indicate that surface layer contamination would 
seriously compromise the representativeness of the sample, the sample bottle may be 
uncapped, filled, and recapped while submerged. 




 
3.6 Obtain a stream width and depth integrated sample by collecting water while moving the 




open sample bottle up and down and across the width of the stream.  Raise and lower the 
bottle through the entire depth while proceeding across the stream to assure a 
representative sample where needed or use an isokinetic depth-integrating sampler such as 
the USGS US DH-81, DH-48, or D-77 sampler (USGS, 1998).  Be sure to leave sufficient 
volume in sample bottles such that required preservatives may be added without 
overfilling bottles.  Total suspended sediment samples should always be collected using 
the depth and cross-section integration method.  When wading, be sure to collect the 
sample upstream of wading personnel to avoid sampling resuspended bed sediments 
caused by bed disturbances. 




 
3.7 Filter and preserve samples as required. 
 
3.8 Immediately place filled sample bottles in cooler chest that is kept at the appropriate 




temperature. 
 
 
4.0 ASSOCIATED REFERENCES 
 
HF-FORM-430 Water Sampling Form 
 
USGS, 1998.  Techniques of Water-Resources Investigations, Book 9, Chapter AZ:  Selection of 




Equipment for Water Sampling.  August 1998. 
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  HF-FORM-430 Water Sampling Form goes here 
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STANDARD OPERATING PROCEDURE 
 




FIELD MEASUREMENT OF pH USING A pH METER 
HF-SOP-20 




 
 
1.0 PURPOSE 
 
The purpose of this procedure is to obtain accurate field measurements of the pH of water 
samples. 
 
 
2.0 EQUIPMENT 
 
This procedure written for Beckman pH meters is applicable to a variety of pH meters.  Specific 
operating instructions accompanying each pH meter should be followed where in variance with 
the following. 
 
 
2.1 INSTRUMENTS 
 




 Beckman I-10 or I-21 pH meter or similar instrument; 




 Beckman pH electrode/probe, Model 39841 or equivalent; 




 Beckman temperature probe, Model 598115 or equivalent; and 




 Field notebook. 
 
 
2.2 REAGENTS 
 




 Buffers pH 4.0, 7.0 and 10.0 (other buffers may be used in unusual waters); 




 Deionized water; and 




 Beckman filling and storage solution - 4 Molar KCl (potassium chloride). 




 
 
3.0 PROCEDURE 
 
Calibration of the instrument should be performed at least once per day, before sampling 
activities commence.  Field calibration forms must be completed at this time, and calibration 
verification should be documented in field notebooks. 
 
While field instruments are manufactured to be rugged and dependable, a reasonable amount of 
care is still required to ensure that instruments function properly and give accurate readings.  
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Field instruments must be cleaned and stored in accordance with established guidelines (see 
operating instructions) in order to maintain instrument integrity. 
 
 
3.1 EQUIPMENT SET UP 




3.1.1 Instrument Check 
 




 Turn instrument on by pressing pH button, check display and confirm the low battery 
light is not illuminated; and 




 




 Visually inspect probe for damage and fluid level.  If damage is evident, replace 
probe.  If low on fluid, refill using 4 Molar KCl potassium chloride.  Be sure to leave 
vent hole uncovered while taking measurement so that liquid junction flows freely. 




 
 
3.1.2 Connecting Electrodes 
 




 Insert the pH electrode connector into the large input jack on the top of the 
instrument and twist to the locked position. 




 
 Insert temperature electrode connector into the small input jack on the instrument 




top.  Instrument is now ready to use. 
 
3.2 pH MEASUREMENT 
 
3.2.1 Select two buffers, one with a pH of 7.0.   Select a second buffer (pH 4.0 or 10.0) so that 




the two buffers bracket the anticipated sample pH  (use fresh buffers for calibration). 
 
3.2.2 Uncap pH electrode, remove stopper from vent hole, rinse both pH probe and temp 




probe with deionized water and place in pH 7.0 buffer. 
 
3.2.3 Depress the CLR button, then depress the  button.  The meter will automatically 




temperature adjust the reading and compensate to read the buffer in which it is reading.  
This reading will lock in memory and display on the bottom of the screen. 




 
3.2.4 Remove electrodes from the solution.  Rinse with distilled water and place in the second 




buffer. 
 
3.2.5 Repeat step 3.2.3 with the second buffer. 
 
3.2.6 Remove electrodes from the second buffer, rinse with distilled water then a portion of 




sample and place in sample.  The instrument is calibrated daily or anytime a pH is 
measured, which is not in the buffer range for which the instrument is calibrated. 
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3.2.7 Record the pH of the sample in sample field notebook. 
 
3.2.8 When measurements are complete, rinse probe with distilled water.  Add a few drops of 




4 Molar KCl solution to the protective cap and store probe in the protective cap. Replace 
cover over vent hole. 




 
 
4.0 ASSOCIATED REFERENCES 
 
Beckman Instruments, 1992.  Instruction manuals for specific ion meter, models I-10, I-11, I-12; 
and I-21 pH meters. 
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STANDARD OPERATING PROCEDURE 
 




STREAMFLOW MEASUREMENT USING CREST-STAGE GAGE ©  




HF-SOP-24 
 
 
1.0 PURPOSE 
 
The crest-stage gage is used to measure the maximum instantaneous stage or flood crest under 
conditions of transitory or transient flow.  A crest-stage gage is employed when an observer 
cannot be present for peak flow and a continuous recorder is not feasible. 
 
 
2.0 EQUIPMENT 
 
A standard gage consists of a 4 to 5 foot piece of 2-inch diameter PVC pipe, perforated with inlet 
holes containing a wooden or aluminum staff held in a fixed position relative to a datum 
reference.  The gage functions by depositing granulated cork stored in the bottom of the capped 
pipe.  As the transitory flood wave passes, the water rises in the pipe and the cork floats on the 
water surface.  As the water recedes, the cork adheres to the staff inside the pipe, thereby 
retaining the crest stage of the flood.  See Figure 1 for design details and typical installation 
guides. 
 
The stream discharge rate is calculated using the stage measured at the crest-stage gage in 
conjunction with surveyed cross-sections of crest-gage locations and the Mannings equation. 
 
 
3.0 INSTALLATION PROCEDURE 
 




1. Select a site with well-defined channel and channel banks.  Make sure the site is free 
from downstream natural controls. 




 
2. Pound or force a fencepost into the channel, slightly displaced from the center. 
 
3. Attach the preconstructed crest-gage to the fencepost with metal strapping tape or 




wire. 
 
4. Survey installed crest-stage gage elevation to a datum reference which will be 




undisturbed by flood waters. 
 
5. Pour a suitable amount of cork directly into the crest-gage.  Attach a container of 




cork to the fencepost as well. 
 
6. Survey channel cross-sectional area at the gage site.  Obtain readings at 0.5 foot 




increments.  Use same datum reference as used for crest-stage gage. 
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7. Survey the channel longitudinal profile, obtaining readings at 5-foot to 10-foot 




increments, 100-feet upstream and downstream of the crest-gage. 
 
4.0 FLOW CALCULATION 
 




1. Remove measuring rod from inside PVC pipe. 
 
2. Record on log sheet the level to which cork adheres.  This is the peak stage since last 




date of measurement. 
 
3. Clean measuring rod and replace rod in outer PVC pipe. 
 
4. After large flow events, a photographic record should be kept to document Mannings 




"n", the peak roughness coefficient used to calculate peak discharge. 
 
5. To calculate peak discharge, use Manning's equation for open channel flow in 




conjunction with pre-surveyed cross-sectional area and wetted perimeter for each 0.1 
foot of channel depth.  Slope of the channel is found from surveyed longitudinal 
profiles of the channel section where the gage is located.  Channel slope, Mannings 
"n", vegetal retardance, channel depth, wetted perimeter and cross-sectional areas 
must be determined for each gage site. 




 
6. Perform routine maintenance check: 




 
a) Check intake holes in bottom cap for clearance. 
 
b) Remove any accumulation of silt from inside of pipe and bottom cap. 
 
c) Add ground cork. 
 
d) If silt accumulation is significant in crest-stage gage, note on log sheet. 
 
e) Periodic surveys should be taken to verify correct gage datum and to 




reflect any changes in the drainage after significant storm events. 
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FIGURE 1. CREST GAGE CONSTRUCTION DETAIL 
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STANDARD OPERATING PROCEDURE 
 




STREAMFLOW MEASUREMENT USING A WEIR ©  




HF-SOP-25 
 
1.0 PURPOSE 
 
A weir is a vertical plate with a trapezoidal or v-shaped notch cut into the top of it.  The plate, 
when inserted across a stream, serves to dam the water behind it and force the stream to flow 
only through the notch.  The flow rate (Q) is a function of the weir dimensions and the height of 
water (H) above the bottom of the notch. 
 
2.0 PROCEDURE 




A. Clear moss, silt and other stream debris away from weir and vicinity. 
 
B. Record height (H) of water above bottom of notch. 
 
C. Calculate flow rate using the appropriate equation or table given by the manufacturer 




for the appropriate weir dimensions. 
 
D. Perform routine maintenance checks: 




1. Check the weir for leakage and, if present, estimate the volume.  Stop the 
leakage, if possible.  Make a note of the location and character of leakage on 
the field notebook. 




 
2. Check that the weir is level and perpendicular to the flow. 
 
3. Check for adequate storage at entrance. 
 
4. Take discharge measurement with current meter annually to confirm 




calculated discharge values. 
 
3.0 REFERENCES 
 
Leupold & Stevens, Inc., Jan. 1987.  Stevens Water Resources Data Book, 4th Edition, 
Beaverton, Oregon.  This reference describes various weirs and provides equations and tables for 
determining flow rates. 
 
Skogerboe, G.V., M.L. Hyatt and L.H. Austin, 1967.  Design and Calibration of Submerged 
Open Channel Flow Measurement Structures, Part 4 - Weirs.  Utah Water Research Laboratory, 
Report WG31-5. 
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STANDARD OPERATING PROCEDURE 
 




STREAMFLOW MEASUREMENT USING A FLUME ©  
HF-SOP-26 




 
 
1.0 PURPOSE 
 
A flume is an artificial control feature built in a stream to stabilize the stage-discharge relation 
and, therefore, simplify the procedure of obtaining accurate records of discharge.  Hydrometrics 
uses Parshall, Cutthroat and H flumes.  A typical flume is shown in Figure 1. 
 
 
2.0 PROCEDURE 
 




A. Place flume in the stream level and perpendicular to the flow.  Be sure that all stream 
water is channeled through flume. 




 
B. Clear stream debris from flume and vicinity. 
 
C. Record height of water on staff gage in flume or measure the depth of water in the 




approximate location in flume. 
 
D. To determine flow rate, use equation or table corresponding to the appropriate flume 




type and dimensions.  Equations or tables are provided in the following references, 
and examples are given in Figure 2. 




 
E. Consult associated references for flume type, measurement, and installation 




technique. 
 
 
3.0 ASSOCIATED REFERENCES 
 
Gwinn, W. R. and Parsons, D. A., 1976. "Discharge Equations for H.S, H and HL Flumes", 
Journal of Hydraulics Division, ASCE, Volume 102 (Jan. 1976), No. HYI, Proc.  Paper 11874, 
pages 73-88. 
 
Leupold and Stevens, Inc., Jan. 1987, Stevens Water Resources Data Book, 4th Edition, 
Beaverton, Oregon. 
 
USDA Handbook No. 224. 
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STANDARD OPERATING PROCEDURE 
 




FLOW ESTIMATION METHOD FOR SPRINGS AND CULVERTS ©  




HF-SOP-27 
 
 
1.0 PURPOSE 
 
The stopwatch and bucket procedure provides a simple method of estimating low volumetric 
flow rates. 
 
 
2.0 EQUIPMENT 
 




 Bucket of known volume; and 
 
 Stopwatch or watch with second hand. 




 
 
3.0 PROCEDURE 
 




A. Clear debris from vicinity of measurement site. 
 
B. Ready your watch. 
 
C. Simultaneously position bucket to capture flow and start time. 
 
D. Collect water to known volume point and stop time. 
 
E. Repeat three times or until similar results are obtained. 
 
F. Convert the similar "runs" to gpm (gallons per minute). 
 
G. Average the similar discharge values and record in monitoring log. 
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STANDARD OPERATING PROCEDURE 
 




PRESERVATION AND STORAGE OF ORGANIC WATER SAMPLES ©  
HF-SOP-32 




 
1.0 PURPOSE 
 
An important factor in obtaining representative water quality data is the preservation and storage 
of samples.  Preservation is designed to: 
 




1. Retard biological activity; 




2. Retard chemical reactions, and 




3. Reduce volatility of constituents. 
 
Preservation generally includes chemical additives, pH control, refrigeration, proper container 
materials, and immediate field filtration for dissolved constituents. 
 
2.0 EQUIPMENT 
 
Table 1 (attached) lists recommended preservatives, containers and holding times for various 
parameters.  Be sure to assemble all the required containers, preservatives, and filters, as 
required, before leaving for the field. 
 
3.0 PROCEDURE 
 
Samples will be preserved according to guidelines presented in Table 1, and will remain 
refrigerated or in coolers with ice until analysis.  Samples for organics should not be filtered, 
unless otherwise indicated in the project plan.  Samples of organics of a volatile nature are 
collected in bottles equipped with teflon-lined septum-top caps, and no air bubbles should be left 
in the bottles after capping. 
 
4.0 REFERENCES 
 
Massachusetts Department of Environmental Protection, 1997.  Characterizing Risks posed by 
Petroleum Contaminated Sites:  Implementation of MADEP VPH/EPH Approach (Public 
Comment Draft).  October 31, 1997. 
 
U.S. EPA, 1983.  Methods for Chemical Analysis of Water and Wastes, EPA-600/4-79-020, 3rd 
Edition. 
 
U.S. EPA, 1985.  Test Methods for Evaluating Solid Waste SW-846. 
 
U.S. EPA, 1985.  40 CFR 136.3 (7/1/85 Ed.) 
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 TABLE 1.   REQUIRED CONTAINERS, PRESERVATION 
 AND HOLDING TIMES 
 
     Volume 
Parameter  Requirement Container  Preservative  Holding Time 
 
BOD   1000 ml  Plastic or glass  Cool, 4C  48 hours 
 
COD   250 ml  Plastic or glass  Cool, 4C  28 days 
        H2SO4 to pH <2 
 
Oil &   1000 ml  Glass   Cool, 4C  28 days 
Grease       HCL or H2SO4  
        to pH <2 
 
Organic  250 ml  Plastic or glass  Cool, 4C  28 days 
Carbon       HCL or H2SO4  
        to pH <2 
 
Purgeable  2 - 40 ml vials  Glass with   Cool, 4C  14 days 
Halogenated no bubbles Septum top  3 drops HCL/vial 
Organics       Na2S2O3 * 
 
Purgeable  2 - 40 ml vials  Glass with   Cool, 4C  14 days 
Nonhalo-  no bubbles Septum top  3 drops HCL/vial 
genated       Na2S2O3 * 
Organics 
 
Purgeable  2 - 40 ml vials  Glass with   Cool, 4C  14 days 
Volatile  no bubbles Septum top  3 drops HCL/vial 
Organics       Na2S2O3 * 
and BTEX 
 
Acrolein  250 ml   Glass with   Cool, 4C  14 days 
Acrylonitrile   teflon lid  HCL to pH <2 
Acetonitrile      Na2S2O3 * 
 
Phenols  1000 ml   Glass with   Cool, 4C  7 days until 
     teflon lid  HCL to pH <2  extraction; 40 
        Na2S2O3 *  days to 
             analysis 




 *  Used only in the presence of residual chlorine. 
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 TABLE 1 (Continued).   REQUIRED CONTAINERS, PRESERVATION 
 AND HOLDING TIMES 
 
 
     Volume 
Parameter  Requirement Container  Preservative  Holding Time 
 
Phthalate  1000 ml   Glass with   Cool, 4C  7 days  
Esters     teflon lid  HCL to pH <2 
        Na2S2O3 * 
 
Organo-  1000 ml   Glass with   Cool, 4C  7 days until 
chlorine    teflon lid  HCL to pH <2  extraction; 
Pesticides       Na2S2O3 *  40 days to  
and PCBs          analysis 
 
Nitro-   1000 ml   Glass with   Cool, 4C  7 days until 
aromatic    teflon lid  HCL to pH <2  extraction; 
and cyclic       Na2S2O3 *  40 days to 
ketones          analysis 
 
Poly-   1000 ml   Glass with   Cool, 4C  7 days until 
nuclear    teflon lid  HCL to pH <2  extraction; 
Aromatic       Na2S2O3 *  40 days to 
Hydrocarbons         analysis 
 
Chlorinated 1000 ml   Glass with   Cool, 4C  7 days until 
Hydrocarbons   teflon lid  HCL to pH <2  extraction; 
        Na2S2O3 *  40 days to 
           analysis 
 
Organo-  1000 ml   Glass with   Cool, 4C  7 days until 
phosphorus   teflon lid  HCL to pH <2  extraction; 
Pesticides       Na2S2O3 *  40 days to 
           analysis 
 
Chlorinated 1000 ml   Glass with   Cool, 4C  7 days until 
Herbicides    teflon lid  HCL to pH <2  extraction; 
        Na2S2O3 *  40 days to 
           analysis 
 
 *  Used only in the presence of residual chlorine. 
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 TABLE 1 (Continued).   REQUIRED CONTAINERS, PRESERVATION 
 AND HOLDING TIMES 
 
 
     Volume 
Parameter  Requirement Container  Preservative  Holding Time 
 
Semi-   1000 ml   Glass with   Cool, 4C  14 days until 
Volatile    teflon lid  HCL to pH <2  extraction; 
Organics       Na2S2O3 *  40 days to 
           analysis 
 
Total   250 ml   Glass with   Cool, 4C  14 days  
Organic  no bubbles septum top  HCL to pH <2  
Halogens       Na2S2O3 *   
 
Total   2 - 40 ml   Glass with   Cool, 4C  14 days  
Petroleum  no bubbles septum top  3 drops HCL/vial  
Hydrocarbons      Na2S2O3 *   
- gas 
 
Total   1000 ml   Glass with   Cool, 4C  7 days until 
Petroleum  no bubbles septum top  HCL to pH <2  extraction; 
Hydrocarbons      Na2S2O3 *  40 days to 
- diesel          analysis 
 
Volatile  40 ml  Glass with  Cool, 4C  14 days 
Petroleum  no bubbles teflon-lined  3 drops HCL/vial 
Hydrocarbons   septum cap  (pH <2) 
(VPH) 
 
Extractable  1000 ml  Amber glass  Cool, 4C  14 days until 
Petroleum    with teflon-  HCL to pH <2  extraction; 40 
Hydrocarbons   lined cap     days to 
(EPH)          analysis 
 
 
 
 
 
 
 
 *  Used only in the presence of residual chlorine. 
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STANDARD OPERATING PROCEDURE 
 




STREAMFLOW MEASUREMENT USING A 




MARSH-McBIRNEY WATER CURRENT METER ©  




HF-SOP-37 
 
 
1.0 PURPOSE 
 
The purpose of this procedure is to obtain an accurate streamflow measurement.  The method 
described is the "midsection method" with a Marsh-McBirney current meter. 
 
 
2.0 PROCEDURE 
 
2.1 SITE SELECTION 
 
 2.1.1 Choose a stream section with the following conditions: 
 




A. A straight reach with stable streambed free of large rocks, weeds and 
protruding obstructions such as boulders which would create non-parallel 
flow.  




 
B. A uniformly sloped streambed profile to eliminate vertical components of 




velocity. 
 




It is usually not possible to satisfy all these conditions, but select the best 
possible site using these criteria. 




 
2.1.2 Modify the stream channel above the measuring cross-section to best 




approximate these conditions.   
 
2.1.3 If the site is to be revisited, permanently mark cross-section location. 




 
2.2 CALIBRATION PROCEDURE 
 




2.2.1 Set scale knob to "CAL" and time constant switch to 2. 
 
2.2.2 After approximately ten seconds, the digital readout should be on or between 9.8 




and 10.2. 
 




A. If readout is not within limits, change batteries and repeat calibration.  If the 
unit fails to calibrate (readout between 9.8 and 10.2) after the battery change, 
the unit is malfunctioning and should be returned to the manufacturer for 
repair.   
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B. If readout is within limits, the instrument is correctly calibrated.   




 
3.0 MEASUREMENT PROCEDURE 
 
3.1 Place a measuring tape or tag line across the selected section at right angles (if possible) 




to direction of flow.  If it is not possible to establish a line perpendicular to flow, record 
the angle between the perpendicular and the actual flow measurement line.  Record the 
total channel width.  Estimate the number of sections needed to allow no more than 5 
percent of the total flow in each section.  For small streams, 10 percent of flow is 
permitted.  Twenty-five to thirty sections are needed for a good measurement to get less 
than 5 percent of flow in each section.  For less stringent accuracy, a lesser number of 
stations can be used.   




 
3.2 Fill out the required information on stream gaging on the Stream Gaging - Current 




Meter Form (HF-FORM-438).  Much of the form is self-explanatory; however, the 
following explanation will assist in completing some parts of the form. 




 
A. Site:     List the site number and its name. 
 
B. Distance from  This is the measured distance from the initial point. 
 Initial Point:  For example:  A measuring tape may be used and the edge of  
     water may be several feet from the tape zero point. 
 
C. Width:   Width of the cross section in feet.  
      
D. Depth:   Depth of water in feet measured by wading rod or other  
     measuring device. 
 
E. Area:   Product of WIDTH x DEPTH in square feet. 
 
F. Point Velocity:  Velocity as read from meter.  
 
G. Discharge:  Product of area times the point velocity.  This is the  
     computed flow in cfs with attention paid to significant  
     numbers and the error limits.   
 
H. Measurement  
 Conditions 




  and Rating:   Estimate conditions. 
 
   Good (5%):  Bottom slightly rough, flow not completely straight 




and smooth. 
 
   Fair (8%):  Moderately rough bottom flow velocity varies across 




channel.                     
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   Poor (over 12%):  Rough bottoms; significant velocity variation across 




channel. 
 
   Very Poor (20%):  Very rough bottom; channel divided by boulders or 




weed-filled or other problems.   
 
   Other (EXPLAIN): Some channels are rocky or weedy and are otherwise 




difficult to measure.  Estimate error. Error can range 
from 20% to over 100%. 




 
I. Gage Height:  Record reading of staff gage or other measuring device  




   placed in the stream.  This is a measurement of stream stage. 
 
 
3.3 Identify stream bank by either LEOW or REOW (left or right edge of water, 




respectively, when facing downstream) and record starting time. 
 
3.4 Note any changes in stage height during measurement. 
 
3.5 To begin measurement note distance from end of tape to beginning edge of water.  Try to 




start at an even increment.   
 
3.6 Measure and record water depth at the edge of the water. 
 
3.7 Move out to center of the first section. 
 
3.8 Record the distance from the initial point. 
 
3.9 Using the top-setting wading rod, measure and record the depth at that point. 
 
3.10 Mean velocity of flow at the point is determined by measuring velocity at 0.6 depth from 




the surface, for depths less than 2.5 feet.  To set the sensor at 0.6 depth using the top-
setting wading rod, line up the foot scale on the sliding rod with the tenth scale at the top 
of the depth gauge rod so that the combined scales match the depth of water at the 
measuring point.  For depths greater than 2.5 feet, measurements are collected at 0.2 and 
0.8 depth below the surface and the average of these values is used as the average 
velocity for the cross-section. 




 
3.11 Set wading rod so the sensor is facing directly into flow (record any angles).  Be sure 




you are not disturbing flow around the meter, stand to the side and downstream while 
taking the measurement. 




 
3.12 Allow meter readout to stabilize.  Start with the smallest time constant setting.  If, after a 




period of time (in seconds) equal to 5 times the time constant setting (e.g. 10, 30 and 100 
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seconds for settings of 2, 6 and 20), the readout has not stabilized move to the next 
highest time constant settling.   




 
3.13 Record velocity.  
 
3.14 Move to the center of the next section.   
 
3.15 Continue through the sections using steps 8 through 15. 
 
3.16 For streams with a fairly uniform flow regime, the section can remain of equal width.   
 
3.17 In areas where velocity varies or flow is concentrated in a narrow area, divide the high 




flow sections up into smaller widths to account for higher velocities (discharge). 
 
3.18 Record the distance at the edge of water and ending time and note which edge this is - 




either LEOW or REOW. 
 
3.19 Compute flow using the mid-section technique (USGS, 1977). 
 
 
4.0 MAINTENANCE PROCEDURES 
 




 Keep sensor free of dirt and coatings such as grease.  Clean sensor with mild soap 
and water. 




 
 Routinely check batteries by calibrating the meter.   




 
 
5.0 REFERENCES 
 
USGS, 1977.  National Handbook of Recommended Methods for Water-Data Acquisition.  




Chapter 1:  Surface Water. 
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 FORM -  STREAM GAGING - CURRENT METER 
 
(H:/files/105/9801/admin/hsop/sec6.0/hf-438.xls) 
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FIGURE 1.  TOP SETTING WADING ROD 
 
 
 




DEPTH GAUGE
ROD
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STANDARD OPERATING PROCEDURE 
 




FLOW MEASUREMENTS USING A PORTABLE  




90° V-NOTCH CUTTHROAT FLUME  ©  




HF-SOP-44 
 
 
1.0 PURPOSE 
 
Flow measurements in small channels can be accomplished accurately by the use of a portable 
90° V-notch cutthroat flume.  A properly constructed 6-inch V-notch cutthroat flume can 
measure in-channel flows from a few gallons per minute up to 200 gpm with minimal 
installation effort.  Under free flow conditions, a single measurement of water height in the 
converging section is all that is required.  Under submerged flow conditions, water height in both 
the converging and diverging sections is necessary to calculate flow. 
 
 
2.0 EQUIPMENT 
 
 Installation     Flow Measurement 
 
 Portable v-notch cutthroat flume  Staff gage or other 
 Shovel     Measuring stick (e.g. yardstick) 
 Level        
 Plastic sheeting 
 
 
3.0 PROCEDURE  (for portable 6-inch V-notch cutthroat flume) 
 
A. Installation 
 
1) Select a section in the channel where flow is confined to a narrow, straight section 




(without rapids), preferably with banks of clayey or fine material.  Near laminar-flow 
conditions are desirable for portable flume measurements.  Clear section of debris and 
larger cobble material so that the bottom is relatively flat. 




 
2) Place the V-notch flume in channel with shorter converging section facing upstream and 




approximately level. 
 
3) To prevent leakage around flume, place clayey or fine material along bottom and sides.  




Pack material tightly until all flow is directed through the flume.   Use plastic sheeting if 
necessary. 




 
4) Place a small level flat on the bottom of the converging section of the flume.  Raise or 




lower downstream side of flume until instrument reads level.  It is important that the inlet 
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floor is level in both length and width directions, as this will affect the water height 
measurement significantly.   




 
5) Check to be sure there is no leakage. 
 
B. Flow Measurement 
 
1) Measure water depth at the center of the converging section two thirds (2/3) of the 




distance back from the v-notch to the edge of the inlet.  Read to the nearest 0.01 feet.  
Record measurement as ha in field notebook. 




 
2) Measure water depth at the center of the diverging section of the flume three quarters 




(3/4) of the distance from the v-notch to the edge of the outlet.  Read to the nearest 0.01 
feet.  Record measurement as hb in field notebook. 




 
3) Calculate ratio hb/ha. 
 




 If hb/ha <0.6 (free flow), use ha and Table 1 or Equation 1 to determine flow in cubic 
feet per second (cfs). 




 
       Equation 1 Q = 2.57ha




2.53 
      Q = Flow in cfs 
      ha = Measured water depth in flume (Upper Head) 
 




 If hb/ha >0.6 (submerged flow), use Figure 1 to determine flow in cfs.  To use Figure 
1, calculate (hb-ha).  Find this value on the x-axis and move vertically upward from 
this point until the submergence value (hb/ha, expressed as a percentage) is 
intersected.  From the point of intersection, move horizontally to the left and read the 
discharge value on the y-axis scale. 




 
 
4.0 ASSOCIATED REFERENCES 
 
 
Leupold & Stevens, Inc., January 1987.  Stevens Water Resource Data Book, 4th Edition, 
Beaverton, Oregon. 
 
Skogerboe, G V., M.L Hyatt, R.K. Anderson, and K.O. Eggleston, 1967.  Design and 
Calibration of Submerged Open-Channel Flow Measurement Structures.  Part 3 Cutthroat 
Flumes.  Utah Water Research Laboratory, College of Engineering, Utah State University, 
Logan, Utah.  Report WG31-4.  April. 
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Table 1. Free Flow Calibration Table  




V-Shaped Trapezoidal Cutthroat Flume 
 
 




Upper Head 
(ha) 




Discharge Upper Head  
(ha) 




Discharge 




(feet) (cfs) (feet) (cfs) 
0.01 0.00002 0.26 0.085 
0.02 0.00013 0.27 0.094 
0.03 0.0004 0.28 0.103 
0.04 0.0007 0.29 0.112 
0.05 0.0013 0.30 0.122 
0.06 0.0021 0.31 0.133 
0.07 0.0031 0.32 0.144 
0.08 0.0043 0.33 0.156 
0.09 0.0058 0.34 0.168 
0.10 0.0076 0.35 0.180 
0.11 0.0097 0.36 0.194 
0.12 0.012 0.37 0.208 
0.13 0.015 0.38 0.222 
0.14 0.018 0.39 0.237 
0.15 0.021 0.40 0.253 
0.16 0.025 0.41 0.269 
0.17 0.029 0.42 0.286 
0.18 0.034 0.43 0.304 
0.19 0.038 0.44 0.322 
0.20 0.044 0.45 0.341 
0.21 0.050 0.46 0.360 
0.22 0.056 0.47 0.380 
0.23 0.062 0.48 0.401 
0.24 0.069 0.49 0.423 
0.25 0.077 0.50 0.445 
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Figure 1.  Submerged Flow Calibration Curves for V-Shaped 
Trapezoidal Cutthroat Flume 
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STANDARD OPERATING PROCEDURE 
 




STREAMFLOW MEASUREMENT USING A 




PORTABLE  3-INCH PARSHALL FLUME (MONTANA FLUME)  ©  




 HF-SOP-46 
 
 
1.0 PURPOSE 
 
Surface water flows in small channels can be measured accurately using a portable, modified 
version of the standard Parshall flume.  The modification consists of removal of the downstream 
converging section of the flume reducing the weight and making it easier to install. A modified 
Parshall Flume utilizes a 3-inch throat width and is usually installed so that flow through the 
throat is essentially free free-fall (no submergence). 
 
 
2.0 PROCEDURE 
 
1) Clear large boulders, vegetation and other debris from section to be measured. 
 
2)  Place flume in channel so that the floor of the converging (upstream) section is level both 




laterally and longitudinally.  A small (6") level is commonly used. 
 
3) Using the attached irrigation tarp and surrounding clayey streambank material, direct 




flow entirely through the flume, checking for leakage under and around it.  Make sure 
flume remains level. 




 
4)  After flume is installed, water will pool upstream from the structure.  Head readings 




should be observed until they indicate pool has stabilized.  After pool has stabilized, note 
final head reading from attached gage or by measuring water depth in center of the 
converging section of the flume. 




 
5)   Flow through the 3-inch modified Parshall flume is calculated using the equation: 
     Discharge (Q) (cfs) = 0.992 Ha




1.547 
 
  H = Height of water in converging section of flume in feet 
 
 Dimensions of typical modified 3-inch Parshall flume and a discharge rating table for 




different head readings are attached as Figure 1 and Table 1. 
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3.0 ASSOCIATED REFERENCES 
 
Stevens Water Resources Data Book 4th Edition, January 1987, Edited and published  by 
Leupold and Stevens, Inc., Oregon, USA, p. 45-48, 118-139. 
 
Irrigation Water Measurement, Irrigation Ditches and Pipelines, Agricultural Extension Service, 
University of Wyoming, Bulletin 583R. 
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FIGURE 1. 
 




  




 
  All dimensions are in inches 
  Material:  1/8 inch sheet aluminum 
  Welded or bolted construction 
  Note:  This stilling well can accommodate 
             a 3-inch float if used with a stage recorder 
             for continuous measurement. 
 
   Figure 1: - Working drawing of modified 3-inch Parshall flume 















Hydrometrics, Inc. Consulting Scientists and Engineers 




 
 




h:\projects\otrcr\permit application\314\exhibit 314b_hydrologic monitoring plan\appendix a\hfsop-46.doc\ \7/5/12\034 07/24/12 4:10 
PM 
Revised 1/99 4 




 




 
Table 1.  Free Flow Discharge Rating Table for a 3-inch Modified Parshall Flume




     
Head Discharge Discharge  Head Discharge Discharge Head Discharge Discharge 
(feet) (cfs) (gpm)  (feet) (cfs) (gpm) (feet) (cfs) (gpm) 
0.01 0.0008 0.36  0.34 0.1869 83.91 0.67 0.5339 239.63 
0.02 0.0023 1.05  0.35 0.1955 87.75 0.68 0.5463 245.18 
0.03 0.0044 1.96  0.36 0.2042 91.66 0.69 0.5587 250.78 
0.04 0.0068 3.06  0.37 0.2131 95.63 0.70 0.5713 256.43 
0.05 0.0096 4.32  0.38 0.2220 99.66 0.71 0.5840 262.11 
0.06 0.0128 5.73  0.39 0.2311 103.75 0.72 0.5968 267.85 
0.07 0.0162 7.28  0.40 0.2404 107.89 0.73 0.6096 273.62 
0.08 0.0199 8.95  0.41 0.2497 112.09 0.74 0.6226 279.44 
0.09 0.0239 10.74  0.42 0.2592 116.35 0.75 0.6357 285.31 
0.10 0.0282 12.64  0.43 0.2688 120.66 0.76 0.6488 291.21 
0.11 0.0326 14.64  0.44 0.2786 125.03 0.77 0.6621 297.16 
0.12 0.0373 16.75  0.45 0.2884 129.45 0.78 0.6754 303.16 
0.13 0.0422 18.96  0.46 0.2984 133.93 0.79 0.6889 309.19 
0.14 0.0474 21.26  0.47 0.3085 138.46 0.80 0.7024 315.26 
0.15 0.0527 23.66  0.48 0.3187 143.05 0.81 0.7160 321.38 
0.16 0.0582 26.14  0.49 0.3290 147.68 0.82 0.7298 327.54 
0.17 0.0640 28.71  0.50 0.3395 152.37 0.83 0.7436 333.74 
0.18 0.0699 31.37  0.51 0.3500 157.11 0.84 0.7575 339.98 
0.19 0.0760 34.11  0.52 0.3607 161.90 0.85 0.7715 346.26 
0.20 0.0823 36.92  0.53 0.3715 166.74 0.86 0.7856 352.58 
0.21 0.0887 39.82  0.54 0.3824 171.64 0.87 0.7997 358.95 
0.22 0.0953 42.79  0.55 0.3934 176.58 0.88 0.8140 365.35 
0.23 0.1021 45.83  0.56 0.4045 181.57 0.89 0.8284 371.79 
0.24 0.1091 48.95  0.57 0.4158 186.61 0.90 0.8428 378.28 
0.25 0.1162 52.14  0.58 0.4271 191.70 0.91 0.8573 384.80 
0.26 0.1234 55.41  0.59 0.4386 196.84 0.92 0.8719 391.36 
0.27 0.1309 58.74  0.60 0.4501 202.02 0.93 0.8867 397.96 
0.28 0.1384 62.14  0.61 0.4618 207.25 0.94 0.9014 404.60 
0.29 0.1462 65.60  0.62 0.4735 212.53 0.95 0.9163 411.28 
0.3 0.1540 69.14  0.63 0.4854 217.86 0.96 0.9313 417.99 
0.31 0.1620 72.73  0.64 0.4974 223.23 0.97 0.9463 424.75 
0.32 0.1702 76.39  0.65 0.5094 228.65 0.98 0.9615 431.54 
0.33 0.1785 80.12  0.66 0.5216 234.11 0.99 0.9767 438.37 




     
 















Hydrometrics, Inc. Consulting Scientists, Engineers & Contractors 




 
 




h:\projects\otrcr\permit application\314\exhibit 314b_hydrologic monitoring plan\appendix a\hfsop-50.doc\\1/21/99\034 
Revised 4/94 07/24/12 4:12 PM 




 STANDARD OPERATING PROCEDURE 
 
 SYNOPTIC RUNS ON STREAMS ©  
 HF-SOP-50 
 
 
1.0 PURPOSE 
 
A synoptic run on a stream consists of flow measurement and water quality sampling of selected 
sites along a selected stream reach conducted within a short period of time, usually one day.  
This procedure commonly is termed "seepage runs" and is designed to measure losses and gains 
of water and of loads of substances in the stream. 
 
2.0 PROCEDURE 
 
A. Typically 5 to 20 sites are selected for streamflow measurement and water quality sampling. 




 Sites are selected to determine changes in streamflow and water quality parameters selected 
for evaluation.  Sites are selected to determine known or suspected inputs and outputs of 
water or substances into the stream.  Features such as tributary inflows, overland runoff, 
waste discharges, irrigation diversions, areas of groundwater loss or gain or other inputs and 
outputs must be considered in site selection. 




 
B. The synoptic run is typically performed in as short a time as possible (typically one to two 




days) during a period of fair weather.  The synoptic run period should be selected for 
minimum expected fluctuations in streamflow and water quality.  Synoptic sampling requires 
multiple teams of samplers and carefully coordinated timing of sampling under conditions of 
rapidly changing flows, therefore it is best to avoid such conditions. 




 
C. Streamflows are measured as are all other measurable stream inputs and outputs in 




accordance with approved project flow measurement methods.  It is important to also 
estimate the potential error in flow measurement at each site in accordance with the 
measurement procedure. 




 
D. Water quality parameters are sampled and analyzed as required in the approved project plan. 




 All sampling, preservation, storage, field and laboratory analysis, and sample documentation 
must be in accordance with approved project procedures. 




 
E. Water flow and water quality data are tabulated for each synoptic run. 
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STANDARD OPERATING PROCEDURE 
 




COLLECTION, PRESERVATION AND STORAGE 
OF WATER SAMPLES USING USGS 




CLEAN ANALYTICAL TECHNIQUES© 
HF-SOP-66 




 
 




1.0 PURPOSE 
 
An important factor in obtaining representative water quality data is the proper collection, 
preservation and storage of samples.  The sample collection procedures are intended to minimize 
the possibility of contaminating samples with extraneous materials such as dirt and atmospheric 
dust.   
 
Preservation is designed to: 
 




1. Retard biological activity; 
 
2. Retard chemical reactions, and 
 
3. Reduce volatility of constituents. 




 
Preservation generally includes chemical additives, pH control, refrigeration, proper container 
materials, and immediate field filtration for dissolved constituents. 
 
The sampling procedures described are specific for use of a churn splitter and a plate or filter.  
Steps involving the churn splitter can be omitted if use of a churn splitter is not appropriate to the 
site. 
 
 
2.0 EQUIPMENT 
 




1. Deionized water (DIW); 
 
2. Disposable, nonpowdered vinyl gloves; 
 
3. mm Micro-Filtration Systems (MFS) 0.45-m filters, capsule filters, or disposable 




cartridge filters; 
 
4. Non-metallic, uncolored pressure (pump-through) or vacuum system compatible 




with selected filter; 
 
5. Appropriate peristaltic or vacuum pumps and pump tubing for field use; 
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6. Nonmetallic (ceramic, Teflon, plastic), uncolored tweezers for handling the filters 
(coated metallic tweezers are unacceptable because it is too easy to abrade the 
coating); 




 
7. Precleaned sampler bottle, cap, and nozzle or bottle for weighted bottle sampler; 
 
8. Precleaned churn splitter with cappable funnel (if applicable); 
 
9. Processing chamber (if applicable); and 
 
10. Preservation chamber (if applicable). 




 
 
3.0 PROCEDURE 
 
Trace-element samples to be collected as dissolved samples will be processed with a 0.45 m 
capsule filter.  Samples for other inorganic determinations may be processed either with a plate 
filter system or a capsule filter system.  Before starting this procedure, designate one member of 
the sampling team as 'clean' hands and the other member as 'dirty' hands.  Both individuals 
should be gloved. 
 
After sample collection, samples will be preserved according to guidelines presented in Table 1, 
and will remain refrigerated or in coolers with ice until analysis. 
 
Complete sampling form for groundwater or surface water (HF-FORM-430). 
 




1. Park the field vehicle as far away from any nearby road(s) as possible and turn off 
the motor.  Road dust and emissions from vehicles and/or the field van can 
contaminate trace-element samples for parts-per-billion analysis.  The door to the 
sample processing area should face away from the road. 




 
2. Put on a pair of disposable gloves. 
 
3. Collect the whole-water sample, using an appropriate sampler and following 




whatever acceptable procedure is appropriate to the site and the flow conditions. 
Even though one individual has been designated as 'clean hands' and another as 'dirty 
hands' it is still extremely important to pay attention while the sampling operation is 
in progress to limit, as much as possible, contact with any potential source(s) of 
contamination (for example, keep your hands off any metal bridge parts; try not to 
touch the sounding weights).  When operating from metallic structures, it may be 
useful to spread a large plastic sheet over the area where sampling is to take place.  If 
you make contact with a potential contaminant, dispose of your gloves and put on a 
new pair before you transfer any sample to the churn splitter. 




 
4. Fill the churn splitter with each collected aliquot by opening the churn carrier lid and 




the plastic bags and pouring the water through the cappable funnel in the lid. 
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Remember, only remove the cap when filling the churn splitter.  After adding the 
sample aliquot to the churn splitter, reseal the plastic bags.  If you are in a high traffic 
area, try to time the recovery of the sampler, and the filling of the churn splitter to 
periods when there is little or no traffic on the bridge.  Furthermore, place the 
open-lidded side of the churn carrier in such a way that it can serve as a barrier to the 
prevailing wind and/or to turbulence caused by moving vehicles. 




 
5. When sampling is complete, move the churn splitter inside its carrier and plastic 




bags, and the sampling equipment back to the field vehicle. 
 
6. Remove the churn splitter from the carrier leaving it in the inner plastic bag. Leave 




the churn carrier and outer plastic bag outside the vehicle.  Remove any unfiltered 
samples before doing any filtrations. 




 
Use the following procedures if using a plate filter: 
 




7. Set up your filtration system inside the processing chamber, place a filter in the 
holder, and attach the pump tubing through the hole in the side of the chamber. Keep 
your pump tubing as short as practical.  Also, attach a short piece of tubing to the 
outlet of your filtration system and place it inside the disposal funnel or "toss bottle" 
in the bottom of the processing chamber. 




 
8. Pass 500 mL of DIW through the pump tubing, through the filtration system, and 




through the filter.  After passage of the 500 mL, remove the tubing from the DIW 
reservoir, and continue to run the pump to drain as much of the DIW remaining in 
the system as possible.  Discard all the DIW.   




 
9. Transfer one end of the pump tubing to the churn splitter through the cappable tunnel 




and reseal the plastic bag around the tubing. 
 
10. Remove the pump tubing from the filtration system, start up the peristaltic pump. and 




pump sufficient sample to fill all the pump tubing; place the end of the tubing in the 
disposal funnel or "toss" bottle to prevent spillage in the processing chamber. 




 
11. Replace the pump tubing on the filtration system, remove the short piece of pump 




tubing from the outlet of the filtration system, replace it with an appropriate sample 
container, and process sufficient water to rinse all the sample bottles, but no more 
than 100 mL. 




 
12. Filter the appropriate volumes of water into the appropriate sample bottles.  As soon 




as the appropriate volume has been filtered, recap the bottle.  The order of collection 
should be: (a) nutrients, (b) major ions, and c) radiochemicals. 




 
13. Once all the filtrations are complete, remove each sample bottle from the processing 




chamber, one at a time, and place them in the preservation chamber; then add the 
correct preservative to each bottle.  Once the preservative has been added, cap the 
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bottle, place nutrient bottles in double sealable bags while still in the preservation 
chamber, and store as required (nutrient samples should be chilled on ice).  Change 
preservation chamber enclosures whenever the preservation procedure requires a 
change of gloves. 




 
Use the following procedures if using a capsule or disposable filter: 
 




7. Attach the pump tubing through the hole in the side of the processing chamber. Keep 
the pump tubing as short as practical. 




 
8. Pass 1 L of DIW through the pump tubing and through the filter.  After passage of 




the 1 L of DIW, remove the tubing from the DIW reservoir, and continue to run the 
pump to drain as much of the DIW remaining in the system as possible.  Removal of 
entrained water can be facilitated by shaking the filter.  Discard all the DIW. 




 
9. Transfer the pump tubing to the churn splitter through the cappable funnel and reseal 




the plastic bag around the tubing. 
 
10. Remove the pump tubing from the filtration system, start up the peristaltic pump, and 




pump sufficient sample to fill all the pump tubing; place the end of the tubing in the 
disposal funnel or "toss" bottle to prevent spillage in the processing chamber. 




 
11. Open a bottle for a dissolved trace-element sample (FA bottle), place the outlet of the 




filter over the opening, and filter 25 mL of water (fill the bottle to the top of the 
bottom lip).  Use this filtrate to rinse the sample bottle. 




 
12. Process the filtered trace-element sample (FA bottle) by filling the rinsed sample 




bottle to the top of the upper lip of the bottle (about 200 mL). 
 
13. Follow the same procedure for a mercury sample (FAM bottle) if required. 
 
14. Process sufficient water to permit adequate rinsing of any remaining sample bottles, 




but no more than 100 mL. 
 
15. Complete any other requisite filtrations for any remaining water quality 




determinations.  If other inorganic parameters are to be determined, the order of 
collection must be: (a) nutrients, (b) major ions and (c) radiochemicals.   




 
16. Once all the filtrations are complete, remove each sample bottle from the processing 




chamber, one at a time, and place in the preservation chamber; then add the correct 
preservative to each bottle.  Once the preservative has been added, tightly cap the 
bottle, place nutrient bottles in double sealable bags while still in the preservation 
chamber, and store as required (nutrient samples should be chilled on ice).  Change 
preservation chamber enclosures whenever the preservation procedure requires a 
change of gloves.   
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NOTES 
 




 Use a new filter membrane for each sample.   
 
 Run very turbid or muddy water through prefilter first and then a 0.45 micron filter. 
 
 Check with lab performing analysis for adequate quantity and holding time for 




sample.  Complete all appropriate documentation. 
 
 Completely decontaminate filtering equipment after each day of use and whenever 




partial decontamination doesn't visually clean all filter parts. 
 
 Do not attempt filtration in dusty locations or while your vehicle motor is running 




(due to exhaust). 
 
 
4.0 REFERENCES 
 
U.S. EPA, 1983.  Methods for Chemical Analysis of Water and Wastes, EPA-600/4-79-020, 3rd 
Edition. 
 
HF-FORM-430 - Water Sampling Form  
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 TABLE 1.  REQUIRED CONTAINERS, PRESERVATION  
 TECHNIQUES AND HOLDING TIMES 
 
         Maximum 
Parameters  Container1  Preservative Holding Time 
Specific Electrical T, P, G   None required  28 Days 
Conductivity 
 
Total Dissolved  P, G   Cool, 4°C   7 Days 
Solids (TDS) 
 
Total Suspended P, G   Cool, 4°C   7 Days 
Solids (TSS) 
 
pH    T, P, G   Field determined Analyze immediately 
 
Dissolved Oxygen G bottle  None required Analyze immediately 
 
Temperature  P, G   None required Analyze immediately 
 
Eh    P, G   None required Analyze immediately 
 
Alkalinity   P, G   Cool, 4°C   14 days 
 
Calcium (Ca)  P, G   HNO3 to pH <2  6 months 
 
Magnesium (Mg) P, G   HNO3 to pH <2  6 months 
 
Sodium (Na)  P, G   HNO3 to pH <2  6 months 
 
Potassium (K)  P, G   HNO3 to pH <2  6 months 
 
Bicarbonate  P, G   Cool, 4°C   14 days 
(HCO3) 
 
Carbonate (CO3) P, G   Cool, 4°C   14 days 
 
Sulfate (SO4)  T, P, G   Cool, 4°C   28 days 
 




  1 T = Teflon; P = Polyethylene;  G = Glass 
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 TABLE 1 (Continued).  REQUIRED CONTAINERS, PRESERVATION  
 TECHNIQUES AND HOLDING TIMES 
 
          Maximum 
Parameters  Container1  Preservative  Holding Time 
 
Chloride (Cl)  T, P, G   Cool, 4°C   28 days 
 
Silica (Si)   P   Cool, 4°C   28 days 
 
Fluoride (F)  T, P   HNO3 to pH <2  28 days 
 
METALS* 
 
Aluminum (Al)  T, P   HNO3 to pH <2  6 months 
 
Antimony (Sb)  T, P   HNO3 to pH <2  6 months 
 
Arsenic (As)  T, P   HNO3 to pH <2  6 months 
 
Barium (Ba)  T, P   HNO3 to pH <2  6 months 
 
Beryllium (Be)  T, P   HNO3 to pH <2  6 months 
 
Cadmium (Cd)  T, P   HNO3 to pH <2  6 months 
 
Chromium (Cr)  T, P   HNO3 to pH <2  6 months 
 
Cobalt (Co)  T, P   HNO3 to pH <2  6 months 
 
Copper (Cu)  T, P   HNO3 to pH <2  6 months 
 
Iron (Fe)   T, P   HNO3 to pH <2  6 months 
 
Lead (Pb)   T, P   HNO3 to pH <2  6 months 
 
Manganese (Mn) T, P   HNO3 to pH <2  6 months 
 
Mercury (Hg)  T, P   HNO3 to pH <2  6 months 
 
   1 T = Teflon; P = Polyethylene;  G = Glass 




   * Dissolved metals are filtered on site with 0.45 micron filter.  Total metals are not filtered. 
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 TABLE 1 (Continued).  REQUIRED CONTAINERS, PRESERVATION  
 TECHNIQUES AND HOLDING TIMES 
 
          Maximum 
Parameters  Container1  Preservative  Holding Time 
 
Nickel (Ni)   T, P   HNO3 to pH <2  6 months 
 
Selenium (Se)  T, P   HNO3 to pH <2  6 months 
 
Silver (Ag)   T, P   HNO3 to pH <2  6 months 
          (in dark place) 
 
Tin (Sn)   T, P   HNO3 to pH <2  6 months 
 
Thallium (Th)  T, P   HNO3 to pH <2  6 months 
 
Vanadium (V)  T, P   HNO3 to pH <2  6 months 
 
Zinc (Zn)   T, P   HNO3 to pH <2  6 months 
 
 
PHOSPHORUS (P) 
 
Orthophosphate   P, G   Filter on site,  48 hours 
(PO4), Dissolved    Cool, 4°C 
 
Orthophosphate,  P, G   Cool, 4°C   48 hours 
Total 
 
Hydrolyzable  P, G   Cool, 4°C   28 days 
       H2SO4 to pH <2 
 
Total    P, G   Cool, 4°C   28 days 
       H2SO4 to pH <2 
 
Total, Dissolved  P, G   Filter on site  24 hours 
       Cool, 4°C 
       H2SO4 to pH <2 
 
 
   1 T = Teflon; P = Polyethylene;  G = Glass 
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 TABLE 1 (Continued).  REQUIRED CONTAINERS, PRESERVATION  
 TECHNIQUES AND HOLDING TIMES 
 
          Maximum 
Parameters  Container1  Preservative  Holding Time 
 
NUTRIENTS 
 
Ammonia   P, G   Cool, 4°C   28 days 
       H2SO4 to pH <2 
 
Kjeldahl, Total  P, G   Cool, 4°C   28 days 
       H2SO4 to pH <2 
 
Nitrate plus  P, G   Cool, 4°C   28 days 
Nitrite      H2SO4 to pH <2 
 
Nitrate (NO3)  T, P, G   Cool, 4°C   48 hours 
           or 
       Cool, 4°C   14 days 
       H2SO4 to pH <2 
 
Nitrite (NO2)  P, G   Cool, 4°C   48 hours 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
   1 T = Teflon; P = Polyethylene;  G = Glass 
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Include Water Sampling Form  HF-FORM-430  
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STANDARD OPERATING PROCEDURE 
 




FILTRATION OF WATER SAMPLES©  




HF-SOP-73 
 
 
1.0 PURPOSE 
 
Water is filtered to obtain a sample for analysis of dissolved constituents.  Dissolved constituents 
are operational, defined as those which pass a 0.45 micron filter.  This SOP describes three 
methods in which filtered water samples can be prepared in the field.  Other types of filtering 
equipment can be employed.  The essential points are use of the proper filter and adequate 
decontamination of reusable equipment. 
 
2.0 EQUIPMENT  
              Disposable 
 Filter Barrel  or Plate Filter  or Filter Cartridges 
 Tire pump    Peristaltic Pump  0.45 m filter 
 Filter barrel    Plate filter      cartridges 
 Clean sample bottles  0.45 m membrane  Peristaltic Pump 
 Prefilters (where needed)     filters    Plastic tubing 
 0.45 m filter membranes  Prefilters (where  Clean sample bottles 
 Distilled or deionized water     needed)   Distilled or  
 Plastic tweezers   Plastic tubing         deionized water 
       Clean sample bottles 
       Distilled or deionized water 
       Plastic tweezers 
 
 
3.0 PROCEDURE 
 
A) General 
 




1. Have at hand clean sample bottle pre-labeled with appropriate information. 
 
2. Use a new filter membrane or disposable cartridge for each sampling site. 
 
3. If water is very turbid, it must be first run through a larger pore size pre-filter. 
 
4. Be sure you know the volume of sample required for analysis, check with laboratory 




if in doubt. 
 
5. If collecting samples for low level analysis, rinse filter with an appropriate amount 




(usually 100 to 200 ml) of DI water prior to filtering any sample.  This step should 
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remove contaminants (particularly zinc) which may be entrained within the filter 
matrix.  Record the amount of DI water used to rinse the filter. 




 
6. Rinse sample bottle with filtered water three times, before collecting actual sample.  




However, if water is hard to filter or of limited quantity, distilled or deionized water 
rinses are acceptable. 




 
7. Avoid dusty locations and vehicle motor exhaust while filtering. 
 
8. When a peristaltic pump is used, the pump and tubing should be cleaned immediately 




after obtaining a sample by pumping 500 ml of deionized water.  After pumping 500 
ml deionized water, remove inlet tubing from DI source and continue pumping until 
tubing is drained. 




 
 




B) Filter Cartridge   These are single-use, self-contained membrane filtration devices with 
inlet and outlet hose barbs designed for use when samples are pumped. 




 
1. Examine a new filter cartridge and note direction of flow arrow imprinted on it. 
 
2. Slip hose from pump over inlet nipple of cartridge.  Sample may be collected directly 




from filter outlet (optional, place another short piece of tubing over outlet, if this is 
more convenient).  Keep tubing length as short as possible. 




 
3. It is important that water flow through filter in direction of imprinted arrow, as filter 




failure will likely result if flow direction is reversed.  Also, inlet pressure should not 
exceed 25 PSI (pounds per square inch) for most filters of this type. 




 
4. Turn pump on, discard initial 30 ml of filtrate (filter purge), then begin collecting 




sample. 
 
 
C) Filter Barrel   Filter barrels are reusable plastic cylinders with removable endcaps and 




fitted with a replaceable filter at one end (the outlet) and an air inlet at the opposite end 
by which the barrel is pressurized.  Filter barrels are used where samples cannot be 
pumped. 




 
1. Filter barrels must be decontaminated prior to going to the field.  Remove both end 




caps, O-rings, and filter support.  Wash components thoroughly with a non-
phosphate detergent and water, thoroughly rinse with distilled or deionized water, re-
assemble and store in plastic bag. 




 
2. Ideally, the filter barrel should be rinsed with the water to be sampled.  If an 




inadequate volume of sample water is available, a distilled or deionized water rinse is 
acceptable. 
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3. After rinsing, fill filter barrel 2/3 full with sample water. 
 
4. Place clean 0.45 m filter on filter support (do not touch filter with hands, use plastic 




tweezers or blue divider papers to move or adjust filter).  Wet filter support will hold 
filter in place.   




 
5. Assemble filter barrel carefully so as not to twist or put folds in filter paper. 
 
6. Turn filter barrel over so sample water comes in contact with filter paper. 
 
7. Connect tire pump to Shrader valve and pump several times.  Do not allow static 




pressure on tire pump to go over 20 PSI. 
 
8. Purge filter by draining approximately 100 ml of water from lower side of filter 




support.  Discard this initial filtrate. 
 
9. Once sample bottle is full, preserve sample as needed and place in cooler with ice.  




(see HF-SOP-3, Preservation and Storage of Inorganic Water Samples). 
 
10. Before leaving the sampling site, disassemble filter barrel, remove and dispose of 




filter paper, and immediately rinse with distilled or deionized water.  Partial 
decontamination, consisting of three successive distilled or deionized water rinses 
between sites is acceptable. 




 
 
D) Plate Filter   Plate filter is a reusable membrane filter holder, generally fitted with three 




removable legs.  The filter holder is disassembled to replace the large diameter (typically 
14.2 cm) membrane filter.  Water is pumped through the filter, entering at the top and 
exiting through a port at the bottom. 




 
1. Plate filters must be decontaminated prior to use.  Disassemble plate filter, wash 




components thoroughly with a non-phosphate detergent and water, thoroughly rinse 
with distilled or deionized water, re-assemble and store in plastic bag. 




 
2. Ideally, the plate filter should be rinsed with the water to be sampled.  If an 




inadequate volume of sample water is available, a distilled or deionized water rinse is 
acceptable. 




 
3. Place clean 0.45 m membrane filter on filter support (do not touch filter with hands, 




use plastic tweezers or blue divider papers to move or adjust filter).  Wet filter 
support will hold filter in place.   




 
4. Assemble plate filter carefully so as not to twist or put folds in filter paper. 
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5. Connect plastic tubing from pump to top hose barb on filter.  Sample may be 
collected directly from outlet, or keep tubing lengths as short as possible.  A short 
piece of tubing may be connected to outlet barb at bottom.   




 
6. Purge filter by pumping approximately 100 ml of water through the filter.  Discard 




this initial filtrate. 
 
7. Once sample bottle is full, preserve sample as needed and place in cooler with ice.  




(see HF-SOP-3, Preservation and Storage of Inorganic Water Samples). 
 
8. Before leaving the sampling site, disassemble plate filter, remove and dispose of 




filter paper, and rinse with distilled or deionized water.   
 
 
NOTES 
 




 Use a new filter membrane for each sample.   
 
 Run very turbid or muddy water through prefilter first and then a 0.45 micron filter. 
 
 Check with lab performing analysis for adequate quantity and holding time for 




sample.  Complete all appropriate documentation. 
 
 Completely decontaminate filtering equipment after each day of use and whenever 




partial decontamination doesn't visually clean all filter parts. 
 
 Do not attempt filtration in dusty locations or while your vehicle motor is running 




(due to exhaust). 
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STANDARD OPERATING PROCEDURE 
 




FIELD MEASUREMENT OF SPECIFIC CONDUCTIVITY 
HF-SOP-79 




 
 
1.0 PURPOSE 
 
The purpose of this procedure is to obtain accurate field measurements of specific electrical 
conductance of water samples.  This procedure is written for the Hydac Digital type meter; other 
meters may be used if they are calibrated and used according to manufacturer's 
recommendations. 
 
2.0 EQUIPMENT 
 
2.1 Instrument 
 




 Hydac Digital Conductance Meter or equivalent meter. 
 
2.2 Reagents 
 




 Potassium Chloride (KCl) standard solutions with known conductivities:  (e.g., 50, 
74, 147, 400, 718, 1413, 6668, 12990 µmhos/cm at 25°C). 




 
2.3 Other Materials 
 




 Distilled or deionized water for rinsing 




 Field Sampling Notebook 




 Water Sampling Form (HF-430) 




 Instrument Calibration Form (HF-FORM-500) 




 
3.0 PROCEDURE 
 
3.1 Calibration 
 
 3.1.1 Rinse sample cup with distilled water before and after each conductivity standard 




used. 
 
 3.1.2 Select a standard with a conductivity value in the approximate range of the 




samples to be measured.  After rinsing the sample cup with distilled water, rinse 
with the selected standard.  Fill the cup with the standard, set function selector to 
TEMPERATURE and depress READ button.  Set the temperature compensation 
knob on the conductivity side of the meter to the displayed temperature. 
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 3.1.3 Switch function selector to CONDUCTIVITY and depress the READ button 
(READ button must be held down for display).  Move the range selector to the 
lowest setting which will give a reading. 




 
 3.1.4 If the reading is not that of the standard, with a small screwdriver, adjust the 




calibration screw at the bottom of the meter (only small turns are required for 
fine-tuning). 




 
 3.1.5 Record reading, temperature, and time of calibration on Instrument Calibration 




Form (HF-FORM-500). 
 
3.2 Sample Specific Conductivity Measurement 
 
 3.2.1 Rinse the sample cup with distilled water prior to filling with the sample.  Rinse 




and fill with sample water. 
 
 3.2.2 Switch function selector to temperature scale and measure temperature of 




sample. 
 
 3.2.3 Adjust temperature compensator knob on the conductivity side of the meter to 




the displayed temperature. 
 
 3.2.4 Switch function selector to conductivity and depress READ button.  Move the 




range selector to the lowest setting which will give a reading.  Read conductivity 
and multiply by range.  Record in field sampling notebook. 




 
 3.2.5 When measurements are complete, rinse probe with distilled water. 
 
3.3 Calibration Check 
 
 3.3.1 At least once per day (or about once per every ten samples collected, whichever 




is more frequent), or when measuring conductivities of samples significantly 
different from the initial calibration solution, the meter should be checked against 
a standard of known conductivity.  Record the check standard conductivity, 
temperature, and meter reading on appropriate documentation. 




 
 3.3.2 If the check standard reading differs from the true value by more than 10%, the 




meter should be recalibrated according to Section 3.1 of this SOP. 
 
4.0 ASSOCIATED REFERENCES 




Hydac Instruments -Instruction Manual for Digital Conductance, Temperature, and pH Tester. 
Hydrometrics' Video Training Library -- Measurement of Conductivity. 
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1.0  SCOPE AND APPLICATION 
 
HSOP-2 presents general procedures to be followed by field personnel to locate and describe 
positions where samples of environmental media (e.g., air, water, soil, waste material) are 
collected, or where field observations and/or measurements are recorded.  The purpose of 
this procedure is to ensure that field locations are described and recorded with the degree of 
accuracy necessary to allow personnel to revisit the site during future monitoring events, and 
to facilitate preparation of site maps and interpretation of data in project reports.  In most 
cases, the project work plan or sampling plan will describe proposed sampling locations in 
general terms, relative to known site features; the precise locations are determined, 
described, and recorded during the field event. 
 
2.0  SUMMARY OF METHOD 
 
Sampling sites will be described through a combination of recorded descriptions in field 
notebooks and on maps, photographs, and mapping or survey techniques (global positioning 
system (GPS) or total station) as stipulated by the project work plan.  For sites that will be 
sampled more than once, the majority of site description and mapping work will be done 
during the first site visit.  Each location will be assigned a unique code for identification 
purposes.   
 
3.0  HEALTH AND SAFETY WARNINGS 
 
Field personnel should be aware of the health and safety precautions to be followed during 
any field event, and should be familiar with any project-specific hazards.  This may include 
review of project-specific health and safety plans, site-specific and/or organization-specific 
safety requirements and training. 
 
4.0  INTERFERENCES 
 
Some common problems with identifying and describing sampling sites might include the 
following: 
 




 Incorrect locations shown on or interpreted from work plan site maps; or 
 Inoperative GPS instrument or weak satellite signal. 




 
To avoid difficulties locating sites in the field, it is imperative that field personnel verify 
proposed sampling locations and obtain current area maps, site photographs, and narrative 
descriptions prior to field work.  If GPS instruments are inoperative due to weak signals or 
other problems, narrative descriptions and/or alternative geographic descriptions (see Section 
7.0) may have to suffice.  In such cases, maps of sampling locations should state that 
locations are approximate. 
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5.0  PERSONNEL QUALIFICATIONS 
 
Personnel should be familiar with the project work plan and objectives, and with the 
operation of equipment listed in Section 6.0 below.  Site safety and training requirements 
(including HAZWOPER training) must also be met as necessary. 
 
6.0  EQUIPMENT AND SUPPLIES 
 




 Site map (may be surveyed map, area topographic map, aerial photo, or other general 
location map) with sampling locations; 




 Project work plan, sampling plan, or other planning documents; 
 Global Positioning System (GPS) instrument; 
 Field notebook; 
 Site marker (e.g., stake, flagging, rebar, spray paint); and 
 Camera. 




 
7.0  PROCEDURE 
 




1. Determine location at which samples will be collected, using project work plan or 
sampling plan and accompanying maps as guidance.  If locations are at known 
latitude/longitude, locations should be entered as waypoints in GPS instrument prior 
to field work, and GPS can be used to navigate to specific location. 




2. Photograph site, provide a full narrative description of the view, and record 
geographic location using GPS instrument (HSOP-5).  If GPS is unavailable or 
receiving a weak signal, alternative methods of specifying location may be used, such 
as the U.S. Bureau of Land Management quarter-section method outlined in 
Attachment 1.  If possible, measurement to two nearby known permanent object 
points should be performed. 




3. Assign a unique site code to the location as indicated in the project work plan.  In 
many cases, the site code reflects the type of sampling location (i.e., MW- prefix for 
monitoring wells, SW- prefix for surface water).  Site codes are often stipulated by 
the work plan, but may also be generated during field activities if necessary. 




4. Record narrative description of site in field notebook.  Include the unique site code, 
the direction of the site photograph (NE, SW, etc.), distances and directions to nearby 
landmarks, and any other pertinent information that may aid in finding the site during 
future monitoring events.  Sketch maps of the site and the immediate vicinity are 
often invaluable during future site visits. 




5. If practical, place a labeled site marker (stake, flagging, etc.) at or near the sampling 
location. 
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8.0  DATA AND RECORDS MANAGEMENT 
 
Copies of all field notes, photographs, sketch maps, and sample site coordinates obtained 
through surveying will be maintained in the project file (hard copies) and/or on the network 
directory dedicated to the project (electronic files). 
 
9.0  QUALITY CONTROL/QUALITY ASSURANCE 
 




 Accuracy of GPS equipment should be periodically checked using survey control 
points, by comparing coordinates obtained with the GPS with the established 
coordinates of the control point (HSOP-5). 




 Verification of field identification information will be conducted on subsequent visits 
by independent field personnel. 




 
10.0  REFERENCES 
 
Hydrometrics HSOP-5:  Global Positioning System (GPS) Equipment Operation 
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Attachment 1.  U.S. Bureau of Land Management Quarter Section Method 
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1.0  SCOPE AND APPLICATION 
 
HSOP-4 presents procedures to be followed when shipping samples of environmental media 
(e.g., air, water, soil, waste material) to a laboratory for analysis.  All samples submitted 
should be accompanied by chain-of-custody documentation. 
 
2.0  SUMMARY OF METHOD 
 
Samples of environmental media submitted to laboratories for analysis are often shipped via 
commercial carrier.  Samples are packed in shipping containers to minimize the potential for 
container breakage or leaking.  Each shipment will be accompanied by sample 
documentation, including chain-of-custody forms and a list of required analytical parameters, 
methods, and detection limits.  Samples are cooled with ice during transport, to maintain 
temperature at approximately 4°C (2°C).  Shipments of hazardous materials must conform 
to International Air Transport Association (IATA) Dangerous Goods regulations and/or 
Department of Transportation (DOT) regulations, as well as any carrier-specific 
requirements. 
 
3.0  HEALTH AND SAFETY WARNINGS 
 
Field personnel should be aware of the health and safety precautions to be followed during 
any field event, and should be familiar with any project-specific hazards.  This may include 
review of project-specific health and safety plans, site-specific and/or organization-specific 
safety requirements and training. 
 




 Care should be exercised when handling samples of hazardous or potentially 
hazardous waste.  Personal protective equipment (PPE) should be utilized (gloves, 
safety glasses, coveralls) as appropriate. 




 Glass sample containers should be handled with extreme care to avoid breakage, loss 
of sample, and possible injury. 




 
4.0  INTERFERENCES 




 
Not Applicable 
 
5.0  PERSONNEL QUALIFICATIONS 




 
Personnel should be familiar with the project work plan and objectives, and with the 
operation of equipment listed in Section 6.0 below.  Personnel should also familiarize 
themselves with the schedule of the shipping location to be used for shipping samples.  For 
projects involving hazardous materials, consult the project work plan, courier regulations, 
and any state and federal air or ground shipping regulations for details on shipping hazardous 
material. 
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6.0  EQUIPMENT AND SUPPLIES 




 
 Shipping container (metal or plastic cooler); 
 Packing material (bubble wrap, Styrofoam peanuts); 
 Absorbent material (clay absorbents, rock wool); 
 Shipping tape; 
 Shipping strap; 
 Custody seals; 
 Chain-of-custody (COC) forms; 
 Heavy-duty or contractor grade garbage bags or similar plastic bags; 
 Ziploc bags; and 
 Ice. 




 
7.0  CHAIN-OF-CUSTODY PROCEDURE 




 
1. Chain-of-custody involves ensuring that samples are traceable from the time of 




collection until received by the analytical laboratory.  The laboratory is responsible 
for custody during processing and analysis.  A sample is under custody if: 




 
 It is in your possession; 
 It is in your view, after being in your possession; or 
 It was in your possession and you then placed it in a designated secure or 




locked area to prevent tampering. 
 




2. When ready to ship samples, set out samples in a clean, secure area to complete 
chain-of-custody forms.  Chain-of-custody forms may be obtained from the project 
laboratory, or from Hydrometrics’ Data Quality Department.  Each sample should be 
identified on the form by its sample number, date and time of collection, and analysis 
requested.  Check sample labels against information recorded in field notebook and 
on chain-of-custody to ensure consistency and guard against transcription errors 
(HSOP-29).  It is usually best to use one chain-of-custody form per shipping 
container, covering the samples included in the container.  When shipping multiple 
coolers to the laboratory, label chain-of-custody forms as “Cooler 1 of 3,” “Cooler 2 
of 3,” etc.  While chain-of-custody forms obtained from various sources may differ, 
certain information regarding sampling dates and times, sample identification, contact 
information, and requested parameters for analysis should be included on all 
acceptable forms.  Complete all fields on the chain-of-custody form, as applicable to 
the particular sampling event.  Examples of typical COC information to be completed 
are as follows: 




 
a) Company Name: Enter “Hydrometrics, Inc.” 




b) Project Name: Enter the project name and Hydrometrics’ project number 
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c) Report Mail Address: Enter the name, address, and e-mail address of the person 




who should receive the laboratory report. 




d) Contact Name: Enter the name of the project manager, sampling personnel, or other 




responsible contact. 




e) Phone/Fax: Enter the phone and fax number of the contact person for the project. 




f) E-mail: Enter the e-mail address for the contact person. 




g) Sampler: Print the name of the person who collected the samples. 




h) Invoice Address:  Enter the address where the invoice should be sent. 




i) Invoice Contact and Phone: Enter the name and phone number of the person 




responsible for approving the invoice. 




j) Purchase Order: Enter the Hydrometrics’ Purchase Order number for the sample 




order. 




k) Quote/Bottle Order: Enter the laboratory quote number for the project or bottle 




order number provided with the sample bottle order. 




l) Note any special reporting requirements or formats. 




m) Sample Identification: Enter the unique sample number assigned to the sample. 




n) Collection Date: Enter the date each sample was collected.  Do not use ditto (“) 




marks, arrows or lines to represent the same date. 




o) Collection Time: Enter the time each sample was collected. Do not use ditto (“) 




marks, arrows or lines to represent the same time. 




p) Number of Containers and Matrix:  Enter the number of bottles the sample is 




contained in followed by a dash and then a letter representing the type of sample 




matrix (i.e. A=Air, W=Water, S=Soil/Solid, V=Vegetation, B=Bioassay, O=Other). 




q) Analysis Requested: Write the analysis to be performed on each sample and check 




the box for each sample you want to receive this analysis.  Also include an analytical 




parameter list. 




r) Remarks: Use this field to make notes or comments to the laboratory.  




(Note: If a laboratory-provided COC form is used, be sure to follow any additional 
instructions included from the laboratory.) 
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3. Record shipping information (tracking numbers, name of courier, other pertinent 
information) on chain-of-custody form.  Sign and date chain-of-custody form, and 
retain one copy of form for project file. 




 
8.0  PACKING AND SHIPPING PROCEDURE 
 




1. Seal drain holes in bottom of shipping cooler (inside and out) to prevent leakage.  
Check sample container lids to ensure they are tightly sealed. 




2. Line bottom of cooler with packing material (bubble wrap).  Open and place two 
heavy-duty plastic bags in cooler (one inside the other). 




3. Seal samples within individual plastic or bubble wrap bags, as necessary.  All glass 
containers (VOAs, amber glass bottles, glass soil jars) should be placed in individual 
bubble wrap bags.  Place sealed sample containers in shipping cooler, inside double 
plastic bags.  In most instances, a labeled temperature blank should be included with 
the samples to allow the laboratory to check the sample temperature upon arrival.  
The temperature blank is generally a small vial or bottle filled with tap water and 
labeled “Temperature Blank.”  Ensure that temperature blank meets temperature 
requirements upon receipt by laboratory. 




4. Cover samples with ice, inside double plastic bags. 
5. Close and seal double plastic bags, by knotting or with shipping tape.  Fill any empty 




space in cooler with additional packing material or absorbent material. 
6. Record shipping information (tracking numbers, name of courier, other pertinent 




information) on chain-of-custody form.  Sign and date chain-of-custody form, and 
retain one copy of form for project file. 




7. Place original chain-of-custody, sample parameter list, cover letter, and any other 
documentation needed by the laboratory into a plastic Ziploc bag.  Seal Ziploc bag 
and tape to the inside of the shipping container lid. 




8. Label outside of shipping container with sampling organization name, address, and 
phone number, laboratory destination name, address, and phone number, and any 
required DOT shipping labels. 




9. Place custody seals on front and back of cooler (see Attachment 1) and tape in place 
with shipping tape to avoid accidental breakage.  Wrap cooler securely in at least two 
places with a minimum of three wraps of shipping tape.  Shipping strap may also be 
used to provide additional insurance against the cooler opening during shipment. 




10. Deliver sample containers to the shipping location.  Since samples should reach the 
laboratory as soon as possible to protect sample integrity, overnight shipping is 
required, unless unavailable at the shipping location.  Retain copies of shipping 
receipts for the project file.  Shipping receipts and tracking numbers serve as chain-
of-custody documentation during sample transport from the sampler to the laboratory. 




11. Additional guidance may be found in the EPA’s Contract Laboratory Program 
Guidance for Field Samplers (EPA, 2004).  More stringent shipping requirements 
may apply to samples collected under CLP protocols.  The project work plan should 
be consulted to determine any special requirements. 




 
9.0  DATA AND RECORDS MANAGEMENT 
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The following documents generated during sample packing and shipping will be retained in 
the project file: 
 




 Chain-of-custody form; 
 Analytical parameter list; 
 Cover letter; and 
 Shipping receipts. 




 
10.0  QUALITY CONTROL/QUALITY ASSURANCE 
 




 Field personnel should cross-reference information on sample labels, in the field 
notebook, and on sample chain-of custody forms during the sample packing and 
shipping process. 




 Data quality review will include checking of sample documentation to ensure 
consistency. 




 Temperature blank measurements by the laboratory upon arrival of samples will 
document that samples were maintained at the appropriate temperature during 
shipping. 




 
11.0  REFERENCES 
 
EPA, 2004.  Contract Laboratory Program Guidance for Field Samplers (Draft Final).  EPA 




540-R-00-003.  January, 2004. 
 
Hydrometrics HSOP-29:  Labeling and Documentation of Samples 
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Attachment 1:  Example of Custody Seals and Placement 
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1.0  SCOPE AND APPLICATION 
 
HSOP-7 presents general procedures to be followed to decontaminate reused sampling 
equipment between sampling locations.  Examples of equipment that may require 
decontamination are: 
 




 Water level probes; 
 Reusable bailers; 
 Containers used to obtain composite samples; 
 Water filtration apparatus; 
 Soil coring devices; and 
 Drill rig or other heavy equipment. 




 
2.0  SUMMARY OF METHOD 
 
Sampling equipment is cleaned between sampling locations to minimize the potential for 
cross-contamination.  Basic decontamination procedures consist of soap and water, tap water, 
and/or deionized water rinses.  More involved decontamination procedures may be specified 
and described in the project work plan or Quality Assurance Project Plan (QAPP). 
 
3.0  HEALTH AND SAFETY WARNINGS 




 
Minimum personal protective equipment (PPE) to be worn during decontamination 
procedures consists of safety glasses or goggles, latex or nitrile gloves, and steel-toed safety 
boots.  Additional PPE may be required by the work plan or project Health and Safety plan.  
Use caution when handling organic solvents and non-phosphate detergents to prevent spills, 
leaks, or contact with incompatible materials.  Also, ensure that ventilation is adequate when 
using volatile solvents for decontamination.  Material safety data sheets (MSDS) for all 
chemical substances used during decontamination should be available at the site where 
decontamination activities are performed. 
 
4.0  INTERFERENCES 
 
Not Applicable 
 
5.0  PERSONNEL QUALIFICATIONS 
 
Personnel conducting decontamination activities should be familiar with the usage of the 
equipment being cleaned, and with the intended suite of analytes for samples collected with 
the equipment, if any.  Additional training such as 40-hour HAZWOPER certification may 
be required for decontamination of equipment that has contacted hazardous material. 
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6.0  EQUIPMENT AND SUPPLIES 
 




 Tap water; 
 Deionized water; 
 Organic solvent (acetone, hexane, methanol); 
 Non-phosphate detergent; 
 Plastic sheeting; 
 Pressure washer; 
 Latex or nitrile gloves; 
 Buckets; and 
 Brushes. 




 
7.0  PROCEDURE 
 




1. Select an appropriate area for cleaning and drying equipment to be decontaminated.  
The area should be free of potential contaminants and sheltered from inclement 
weather (if possible).  Cover decontamination area with plastic sheeting if necessary. 




2. Disassemble any equipment that may have trapped material within components. 
3. For equipment used to sample for inorganic constituents, the following three-step 




process is usually sufficient for decontamination: 
 




 Wash equipment in warm water and non-phosphate detergent, scrubbing with 
brushes as necessary to remove visible contaminants; 




 Rinse equipment with clean tap water; 
 Rinse equipment with deionized (DI) water and air dry. 
 
For organic parameters, decontamination may require additional steps: 




 
 Rinse equipment with solvent (hexane, acetone); and 
 Rinse equipment with DI water and air dry. 




 
4. Rinse water from decontamination should be disposed of according to work plan 




requirements.  Moderate quantities of non-hazardous rinse water can typically be 
disposed of on the ground.  Organic solvents should be containerized and disposed of 
in accordance with local environmental regulations. 




5. Heavy equipment used for sampling purposes (including drill rig auger flights and 
tools) should be cleaned as necessary between sampling locations with a hot- or cold-
water pressure washer.  If practical, soap and water may be used to scrub equipment 
as well. 




6. DI water should be obtained from a source with documented capability to produce 
contaminant-free water.  The source of DI water used and other specifics of 
decontamination procedures should be recorded in the field notebook. 
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7. Drying and storage of decontaminated equipment should be in a contaminated-free, 
protected area if possible.  Equipment that will not be used again immediately may be 
storage in plastic bags or other clean containers for additional protection. 




 
8.0  DATA AND RECORDS MANAGEMENT 
 
Decontamination procedures will be documented in the field notebook, which is maintained 
in accordance with HSOP-31. 
 
9.0  QUALITY CONTROL/QUALITY ASSURANCE 
 
The effectiveness of decontamination procedures and the potential for cross-contamination of 
samples may be assessed through the collection and analysis of equipment rinsate blank 
samples, as described in HSOP-13.  In general, equipment rinsate blank collection involves 
thoroughly decontaminating sampling equipment, then rinsing the clean equipment with 
deionized water, and capturing the rinse water in containers to be submitted to the laboratory 
for the parameters of interest.  The project work plan and QAPP should be reviewed for 
project-specific directions regarding collection and analysis of equipment rinsate blanks. 
 
10.0  REFERENCES 
 
Hydrometrics HSOP-13:  Equipment Rinsate Blank Collection 
 
Hydrometrics HSOP-31:  Field Notebooks 
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1.0  SCOPE AND APPLICATION 
 
HSOP-13 presents guidance for collecting equipment rinsate blank samples, a type of field 
quality control (QC) sample.  Surfaces which contact samples may contribute analytes of 
interest to the sample, thereby creating the possibility of bias in the analytical results.  
Rinsate blank samples are used to assess the effectiveness of decontamination procedures, 
the cleanliness of sample bottles, the purity of blank water, and the potential for random 
contamination from the sampling environment. 
 
2.0  SUMMARY OF METHOD 
 
Decontaminated sampling equipment (see HSOP-7) is rinsed with reagent-free deionized 
water.  The rinse water is collected in sample containers, preserved as appropriate, and 
submitted to the laboratory for analysis of parameters of interest.  Detectable concentrations 
of parameters in the equipment blank may indicate contamination potential. 
 
3.0  HEALTH AND SAFETY WARNINGS 
 
Since equipment rinsate blank samples are typically collected immediately following 
equipment decontamination, similar Health and Safety issues are relevant to both this 
procedure and HSOP-7.  Minimum personal protective equipment (PPE) to be worn during 
decontamination/rinsate blank collection procedures consists of safety glasses or goggles, 
latex or nitrile gloves, and steel-toed safety boots.  Additional PPE may be required by the 
work plan or project Health and Safety plan.  Use caution when handling organic solvents 
and non-phosphate detergents to prevent spills, leaks, or contact with incompatible materials.  
Material safety data sheets (MSDS) for all chemical substances used during 
decontamination/rinsate blank collection should be available at the site where 
decontamination activities are performed. 
 
4.0  INTERFERENCES 
 
The primary potential interference with collection of meaningful rinsate blanks involves 
using an appropriate quantity of rinse water.  In general, a rinse of 1 or 2 liters of water over 
the decontaminated equipment should be sufficient to wash all surfaces and obtain enough 
water for laboratory analysis.  Depending on the size of the equipment, smaller or larger 
quantities of rinse water may be needed. 
 
5.0  PERSONNEL QUALIFICATIONS 
 
Personnel collecting rinsate blanks should be familiar with the function and operation of the 
equipment being tested.  The personnel collecting the blank should be the same personnel 
who conducted the decontamination of the equipment (HSOP-7). 
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6.0  EQUIPMENT AND SUPPLIES 
 




 Decontaminated sampling equipment; 
 Field notebook; 
 Deionized (DI) water; 
 Latex or nitrile gloves; 
 Sample containers and preservative; and 
 Rinse water catch basin. 




 
7.0  PROCEDURE 
 




1. Guidance on the number and type of equipment rinsate blanks to be collected should 
be obtained from the project work plan or quality assurance project plan (QAPP).  In 
general, equipment used to collect, composite, or store samples that directly contacts 
the sample may be subjected to the rinsate blank procedure.  Examples include (but 
are not limited to) pumps, filters, bailers, bottles, coring devices, shovels, trowels, 
and batch containers used for compositing. 




2. Decontaminate equipment in accordance with HSOP-7, if not already done. 
3. Run approximately 50 to 100 mL of deionized water though the storage carboy spigot 




to remove any contaminants adhering to the spigot (this quantity of water is not 
collected as part of the blank). 




4. Wearing latex or nitrile gloves, open carboy spigot and place equipment to be rinsed 
under water flow.  The water should contact the area of the equipment that is likely to 
contact the material to be sampled.  If collecting a blank for pumping or filtration 
equipment, deionized water can be processed through the pump and/or filter in the 
same manner as a routine sample. 




5. Capture equipment rinse water directly in sample bottles if possible.  In some 
instances, capturing water in a separate catch basin may be necessary; if so, the catch 
basin should be decontaminated in accordance with HSOP-7 prior to usage. 




6. The volume of DI water used for rinsing equipment should be enough to completely 
rinse the critical parts of the equipment, but not so excessive that potential chemical 
concentrations in the rinsate blank are diluted below detection limits. 




7. Procedural and sampling information for the rinsate blank will be entered in the field 
notebook (HSOP-31).  Equipment rinsate blank samples should be preserved as 
appropriate for the intended analysis.  Sample labeling and documentation, chain-of-
custody procedures, packing, and shipping should conform with the other samples 
collected as part of the sampling event, and with applicable SOPs (HSOP-4). 




 
8.0  DATA AND RECORDS MANAGEMENT 
 
Documentation of equipment rinsate blank procedures and associated sample identification 
information will be recorded in the field notebook.  Rinsate blank sample information will 
appear along with routine (non-QC) sample information on any additional documentation 
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(e.g., chain-of-custody).  This sampling information will be placed in the project file as noted 
in HSOP-29.  
 
9.0  QUALITY CONTROL/QUALITY ASSURANCE 
 




 Along with equipment rinsate blank samples, it is customary practice to submit 
additional blank samples to the laboratory to discern among a number of potential 
contamination sources.  For example, if contaminants are noted in the rinsate blank, 
they may have derived from the equipment, from the DI water, from the sample 
bottles, or from the sampling environment.  The project work plan or QAPP should 
be consulted for guidance on additional blank samples (DI blanks, bottle blanks, 
catch basin blanks, etc.) 




 Use of certified precleaned sample bottles is recommended when possible. 
 Laboratories typically run blank samples along with sample batches; if field blank 




contamination is noted, laboratory QC information should be reviewed to check for 
the possibility of contaminants being introduced during laboratory processing. 




 
10.0  REFERENCES 
 
Hydrometrics HSOP-4:  Chain-of-Custody, Packing, and Shipping Samples 
 
Hydrometrics HSOP-7:  Decontamination of Sampling Equipment 
 
Hydrometrics HSOP-29:  Labeling and Documentation of Samples 
 
Hydrometrics HSOP-31:  Field Notebooks 
 




 
 
 
 




 















HSOP-29 
Rev. Date: 6/04 




Page 1 of 6 




 




H:\PROJECTS\OTRCR\Permit Application\314\Exhibit 314B_Hydrologic Monitoring plan\Appendix A\HSOP-29.doc 
 1/06 




 
 




 




 




 




HSOP-29 




 




LABELING AND DOCUMENTATION OF SAMPLES 




 




 




 




 




 




 
 
 




Prepared by:       Date:   6/04   
 




Reviewed by:        Date:   6/04   
 




Approved by:       Date:   6/04   
 
 
 
 
 
 




Hydrometrics, Inc. 
3020 Bozeman Avenue 




Helena, MT  59601 
 















HSOP-29 
Rev. Date: 6/04 




  Page 2 of 6 




 




H:\PROJECTS\OTRCR\Permit Application\314\Exhibit 314B_Hydrologic Monitoring plan\Appendix A\HSOP-29.doc 
 1/06 




TABLE OF CONTENTS 




 




1.0 SCOPE AND APPLICATION ........................................................................................... 3 




2.0 SUMMARY OF METHOD ................................................................................................ 3 




3.0 HEALTH AND SAFETY WARNINGS ............................................................................ 3 




4.0 INTERFERENCES ............................................................................................................. 3 




5.0 PERSONNEL QUALIFICATIONS ................................................................................... 3 




6.0 EQUIPMENT AND SUPPLIES ......................................................................................... 4 




7.0 PROCEDURE ..................................................................................................................... 4 




8.0 DATA AND RECORDS MANAGEMENT ....................................................................... 5 




9.0 QUALITY CONTROL/QUALITY ASSURANCE ........................................................... 5 




10.0 REFERENCES ................................................................................................................. 6 




 




 




 




 















HSOP-29 
Rev. Date: 6/04 




  Page 3 of 6 




 




H:\PROJECTS\OTRCR\Permit Application\314\Exhibit 314B_Hydrologic Monitoring plan\Appendix A\HSOP-29.doc 
 1/06 




1.0  SCOPE AND APPLICATION 
 
HSOP-29 describes typical procedures used to label sample containers, to ensure that 
information on the label is complete and correct, and to document the number and type of 
samples collected at a particular site.  Samples must be thoroughly documented so that 
analytical data received from the laboratory can be correlated to the correct sampling site.  
 
2.0  SUMMARY OF METHOD 
 
Hydrometrics uses unique sample codes to identify individual samples.  Sample codes are 
distinct from site identification codes, to ensure that the laboratory is unaware of the sample 
source, and whether the sample is a quality control (QC) or routine sample.  Sample codes 
and other pertinent information is written on adhesive labels affixed to the sample container, 
or directly on the sample container in some cases.  Sample documentation includes recording 
information in the field notebook (and on sampling forms if required), and completing chain-
of-custody documentation for sample storage and shipping. 
 
3.0  HEALTH AND SAFETY WARNINGS 
 
Field personnel should be aware of the health and safety precautions to be followed during 
any field event, and should be familiar with any project-specific hazards.  This may include 
review of project-specific health and safety plans, site-specific and/or organization-specific 
safety requirements and training. 
 
4.0  INTERFERENCES 
 
Some common problems with sample labeling and documentation might include the 
following: 
 




 Use of incorrect sample numbers; 
 Transcription errors during sample labeling or recording information in the field 




notebook; and 
 Duplication of sample numbers. 




 
These errors may be avoided by having an additional member of the sampling team check the 
labeling and documentation during the field event.  If one person is conducting the sampling 
event, information entered on the sample label and in the field notebook should be double-
checked for accuracy. 
 
5.0  PERSONNEL QUALIFICATIONS 
 
Labeling and documentation of samples should be conducted by personnel familiar with the 
project work plan and the proposed sample numbering scheme. 
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6.0  EQUIPMENT AND SUPPLIES 
 




 Sample ID tag or label; 
 Permanent marker; 
 Container seals; 
 Chain-of-custody form; 
 Sampling forms; and 
 Field notebook. 




 
7.0  PROCEDURE 
 




1. Determine appropriate sample number to be assigned to the sample.  Hydrometrics’ 
numbering convention is as follows: 




 
XXXX-YYMM-ZZZ 




 
where  XXXX=three- or four-letter project prefix; 
  YYMM=last two digits of year followed by month 




(e.g., 0407 for July 2004); 
ZZZ=sequential numbers, starting with 100. 
 




This convention may be modified as necessary; most Quality Assurance Project Plans 
(QAPPs) contain information on sample numbering to be used for a particular project.  
For some projects, sample numbers for each site to be sampled may be pre-assigned 
by Hydrometrics’ Data Quality Department, to facilitate sample entry into the project 
database. 




2. Fill out information on sample ID tag or label.  ID tags are typically serially 
numbered, and may be used for samples that are likely to be the subject of litigation, 
or as mandated by EPA, other agency, or work plan requirements.  Sample labels are 
similar to ID tags, but are not numbered.  




3. Waterproof permanent markers (such as Sharpie pens) should be used to complete 
sample ID tag or label information.  Information to be included on the sample ID tag 
or label must include: 




 
 Date and time (24-hour style, e.g. 1400 for 2:00 p.m.); 
 Unique sample number; 
 Sample processing and preservative (whether the sample has been field-




filtered, whether a preservative has been used, and the type of preservative); 
and 




 Sampling personnel names or initials. 
 




Optional information that may also be included on the sample label or tag as 
warranted could include the type of analysis requested, or whether the sample is a 
grab or composite.  In no case should a QC sample (blank, duplicate, or blind 
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performance evaluation sample, used to evaluate lab performance with a standard of 
known concentration) be identified as such on the sample label.  QC samples are 
assigned sample numbers in the same manner as other samples. 




4. When multiple sample containers are used at the same site due to differing 
preservation requirements or additional volume requirements, the same sample 
numbers should be used on each container. 




5. Due to requirements for cooling samples and field conditions, sample containers 
often become wet.  If possible, it is advisable to place clear shipping tape over the 
label to ensure that it stays on the container.  In addition, some sample information 
may be written on the sample lid, to aid in sample identification should the label 
become separated from the container. 




6. If required by the project, signed and dated seals may be placed over the container lid 
to prevent opening without breaking the seal. 




7. Sample information is recorded in the field notebook, including the same information 
recorded on the sample label (date and time, sample number, etc.), as well as 
identifying information for the sampling site, and QC sample information (see HSOP-
31).  If desired, sampling forms may also be used to record sampling information. 




8. On large projects, with multiple field sampling activities occurring at the same time, 
multiple field notebooks may be used to document sampling activities.  Each 
notebook should clearly state in the initial entry what tasks will be recorded in the 
particular book. 




9. After collection and documentation, samples should be handled in accordance with 
standard chain-of-custody procedures (see HSOP-4). 




10. Any corrections made to sample labels, field notebooks, or chain-of-custody 
documentation should be made by crossing out the incorrect information with a single 
line, entering the correct information, and signing and dating the correction. 




 
8.0  DATA AND RECORDS MANAGEMENT 
 
Copies of all sample documentation, including field notebooks, sampling forms, and chain-
of-custody forms will be maintained in the project file.  Sampling crews are responsible for 
submitting this information to the Data Quality Department for filing at the completion of 
each sampling event. 
 
9.0  QUALITY CONTROL/QUALITY ASSURANCE 
 




 At the conclusion of the sampling event, field personnel should collate and review all 
sampling documentation materials for accuracy, prior to submitting the information to 
the Data Quality Department. 




 Sample codes and associated sampling sites will be cross-referenced during data 
review and validation procedures stipulated by the project work plan and QAPP. 




 Field samplers should ensure that complete documentation of samples has occurred 
prior to the close of sampling activities each day, by counting the number of samples 
collected and checking the field notebook for entries related to each sample. 
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10.0  REFERENCES 
 
Hydrometrics HSOP-4:  Chain-of-Custody Procedures, Packing, and Shipping Samples 
 
Hydrometrics HSOP-31:  Field Notebooks 
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1.0  SCOPE AND APPLICATION 
 
HSOP-31 presents general guidance on recording field activities in a dedicated project 
notebook.  Field books are intended to provide sufficient data and observations to enable 
participants to reconstruct events that occurred during the implementation of the project.  In 
legal proceedings, field notes are typically admissible as evidence and subject to cross-
examination. 
 
2.0  SUMMARY OF METHOD 
 
Bound notebooks with sequentially numbered pages are used to record observations, 
sampling information, weather conditions, and other pertinent information during field 
activities.  Entries are made in permanent ink, and signed and dated at the bottom of each 
page.  Both original notebooks and copies of field notes are retained as part of the project 
file. 
 
3.0  HEALTH AND SAFETY WARNINGS 
 
Field personnel should be aware of the health and safety precautions to be followed during 
any field event, and should be familiar with any project-specific hazards.  This may include 
review of project-specific health and safety plans, site-specific and/or organization-specific 
safety requirements and training. 
 
4.0  INTERFERENCES 
 
The primary potential problem with recording information in field notebooks is dealing with 
incorrect entries.  In no case should erasures be made or information be obliterated or made 
illegible.  Errors should simply be crossed out with a single line, dated, and initialed by the 
person making the original entry. 
 
5.0  PERSONNEL QUALIFICATIONS 
 
No specific qualifications are necessary for recording information in field notebooks.  
Personnel should be familiar with the scope and objectives of the project in order to record 
more meaningful field observations. 
 
6.0  EQUIPMENT AND SUPPLIES 
 




 Bound notebook with water resistant, sequentially numbered pages 
 Pen (indelible ink) 




 
7.0  PROCEDURE 
 




1. New field notebooks should be labeled with the project title and number on the cover.  
Inside the front cover, write Hydrometrics’ address and phone number as contact 
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information, in case the notebook is lost.  Multiple field notebooks may be required 
for large or ongoing projects; these should be assigned sequential numbers or labeled 
on the cover with the inclusive dates of observations recorded in the notebook (e.g., 
Project X, May 2002 through May 2004). 




2. Notebook entries should begin on a fresh page for each day during a field event.  
While specific entry formats may vary with personal preference, the intent of the field 
notebook is to provide a daily record of significant events, observations, and 
measurements, as well as sampling information.  All entries should be accompanied 
by date and time.  Examples of information to be recorded in the field notebook 
includes: 




 
 Weather conditions; 
 Personnel on-site, including arrival and departure times and identities of 




visitors and observers; 
 Purpose of daily activities; 
 Site sketch maps; 
 Health and safety briefing information; 
 Field meter calibration information; 
 Identification and description of sampling sites (see HSOP-2);  and 
 Descriptions of photos taken. 




 
Sampling-specific information should include (see also HSOP-29): 




 
 Sample number, date, and time; 
 Site identifier; 
 Description of sample containers, preservation, and sample collection method; 
 Sample tag number (if applicable); 
 Field parameter measurements and water calibration (static water level, total 




well depth, pH, specific conductance, water temperature, turbidity, color, 
odor, etc.); and 




 Soil depth intervals and descriptions. 
 
This list is not meant to be exhaustive, and other pertinent information should also be 
recorded in the field notebook as determined by field personnel. 
 




3. Observations and measurements should be recorded in indelible ink, at the time they 
are made. 




4. If erroneous entries are recorded, corrections should be made by deleting incorrect 
information with a single line, and dating and initialing the deletion in the notebook.  
Do not erase or obliterate incorrect entries, or remove pages from the notebook. 




5. Blank and unused portions of notebook pages should be crossed out with a single 
line. 




6. At the conclusion of the field event, review notebook entries, sign and date each page 
(if not already done), and photocopy notebook pages for inclusion in the project file.  
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Original notebooks may be maintained in the project file, or in the files of individual 
field personnel at the discretion of the project manager. 




 
8.0  DATA AND RECORDS MANAGEMENT 
 
Copies of field notes are retained in the project file.  Original field notebooks are maintained 
in the project file, or in the files of individual field personnel at the discretion of the project 
manager.  Completed (filled) notebooks should be placed in the project files or the Data 
Quality Department notebook library, at the discretion of the project manager.  Copies of 
field notebooks should be updated in project files at the end of each field event. 
 
9.0  QUALITY CONTROL/QUALITY ASSURANCE 
 
Standard procedure requires review of field notes by a person other than the person who 
recorded the field notes, prior to entering the information into the project files, to check for 
inaccurate, incomplete, or unclear entries, blank pages, or other problems with 
documentation.  Peer review of notebook entries should also be conducted at least once per 
day during field activities. 
 
10.0  REFERENCES 
 
Hydrometrics HSOP-2:  Determination, Identification, and Description of Field Sampling 




Sites 
 
Hydrometrics HSOP-29:  Labeling and Documentation of Samples 
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TABLE 3-1
OTTER CREEK MINE - EXHIBIT 314B




SURFACE WATER MONITORING SCHEDULE




Water Sampling Passive Continuous Crest Staff
Site ID Type Frequency Sampler(1) Recorder Gage Gage Purpose for Monitoring Site




SPRINGS




Fortune Spring GW Semi-Annual No No No No Upgradient Spring issues from overburden
Coal Creek Spring GW Semi-Annual (2) No No No No Upgradient Spring issues from overburden




SURFACE WATER
SW-1 SW Semi-Annual No No Yes No Home Creek  




SW-1A SW Semi-Annual No No No No Culvert going under highway  - Home Creek
SW-2 SW Semi-Annual No Yes No Yes Otter Creek downgradient, upstream of Threemile
SW-3 SW Semi-Annual Yes Yes No No Threemile Creek near Otter Creek




SW-11 SW Semi-Annual Yes Yes No No Upgradient tributary to Threemile Creek
SW-12 SW Semi-Annual Yes Yes No No Upgradient tributary to Threemile Creek
SW-16 SW Semi-Annual No Yes No No Otter Creek adjacent to proposed mine area
SW-22 SW Semi-Annual No Yes No No Otter Creek upstream
SW-23 SW Semi-Annual No No Yes No Tenmile Creek below county road crossing




PONDS
P5 SW Semi-Annual No No No No(3) Upgradient pond quality, Shorty Creek Reservoir
P6 SW Semi-Annual No No No No(3) Pond water quality, stage




Notes:




2.  Field parameters: SC, pH, Temperature only.
3. Pond water elevations will be measured using established measuring points and field auto-level




1.  Passive samplers will be checked periodically or following runoff events.  Only two sets of samples will be submitted annually but, multiple stage samples will be submitted for 
analysis if obtained during individual runoff events.
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TABLE 3-2 
OTTER CREEK MINE BASELINE REPORT 314B 




SURFACE WATER ANALYTICAL PARAMETERS 
 




 
Field Physical Parameters 




 
Method 




Reporting 
Limit 




(mg/L) 
Specific Conductance  Field Meter NA 
pH Field Meter NA 
Temperature Field Meter NA 




Physical Parameters 
Specific conductance @ 25o C E120.1/A2510B 1 µmhos/cm 
pH E150.2/A 4500 H B 0.1 S.U. 
Turbidity (surface water only) E180.1/A2130B 0.01 NTU 
Total Dissolved Solids (TDS) EPA 160.1 4 
Total Suspended Solids (TSS) (surface water only) A2540D 4 




Non-Metals 
Acidity, Total as CaCO3 (if pH <6.0) A2310B 1 
Alkalinity, Total as CaCO3 EPA 310.2/A2320 B 1 
Bicarbonate as HCO3 EPA 310.2/A2320 B 1 
Carbonate as CO3 EPA 310.2/A2320 B 1 
Sulfate (SO4) EPA 300.0 0.05 
Chloride (Cl) EPA 300.0 0.05 
Fluoride (F)  A 4500 F-




C/Technician  
380-7WE 




0.1 




Sodium Absorption Ration (SAR) Calc NA 
Nutrients 




Nitrate + Nitrite as N EPA 353.2 0.01 
Total Recoverable Metals 200.7/200.8  




Calcium (Ca) 200.7/200.8 1 
Magnesium (Mg) 200.7/200.8 1 
Sodium (Na) 200.7/200.8 1 
Potassium (K) 200.7/200.8 1 
Aluminum (Al) 200.7/200.8 0.1 
Arsenic (As) 200.7/200.8 0.003 
Barium (Ba) 200.7/200.8 0.005 
Boron (B) 200.7/200.8 0.01 
Beryllium (Be) 200.7/200.8 0.001 
Cadmium (Cd) 200.7/200.8 0.00008 
Chromium (Cr) 200.7/200.8 0.001 
Copper (Cu) 200.7/200.8 0.001 
Iron (Fe) 200.7/200.8 0.05 
Lead (Pb) 200.7/200.8 0.0005 
Manganese (Mn) 200.7/200.8 0.005 
Mercury (Hg) 200.7/200.8 Low 




Level 
0.00005 




Molybdenum (Mo) 200.7/200.8 0.005 
Nickel (Ni) 200.7/200.8 0.01 
Selenium (Se) 200.7/200.8 0.001 
Vanadium (V) 200.7/200.8 0.1 
Zinc (Zn) 200.7/200.8 0.01 




             Note: Metals will be analyzed as total recoverable and dissolved metals.  Dissolved metals will be field filtered using 0.45 micron filters. 
             * If insufficient water collected, the following analyses hierarchy should be adhered to: 1) Metals and physical parameters; 2) Non-Metals;  
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                3) TDS, TSS, SC; 4) Nutrients and Turbidity.   


















TABLE 4-1
OTTER CREEK MINE - EXHIBIT 314B




GROUNDWATER MONITORING SCHEDULE




WELL UNIT




Northing          
(MT State Plane, 




NAD83) 




Easting          
(MT State Plane, 




NAD83) 
WATER 
LEVELS SAMPLING




A1 ALLUVIUM 475,751 2,820,589 Quarterly Semi-Annual
A3 ALLUVIUM 449,796 2,828,378 Quarterly Semi-Annual
A4 ALLUVIUM 451,653 2,836,779 Quarterly Semi-Annual
A5 ALLUVIUM 477,695 2,836,255 Quarterly Semi-Annual
A6 ALLUVIUM 467,962 2,823,051 Quarterly Semi-Annual
A7 ALLUVIUM 459,252 2,825,660 Quarterly Semi-Annual




A8 (1) ALLUVIUM 479,876 2,818,849 Quarterly(2) Semi-Annual
AVF-1-2 ALLUVIUM 492,761 2,809,578 Quarterly Semi-Annual
AVF-2-2 ALLUVIUM 485,148 2,814,119 Quarterly Semi-Annual
AVF-3-2 ALLUVIUM 470,044 2,823,460 Quarterly Semi-Annual
AVF-6-3 ALLUVIUM 477,472 2,822,620 Quarterly Semi-Annual




B2-O OVERBURDEN 483,992 2,804,338 Annual - fall Annual - fall
B2-K KNOBLOCH 483,992 2,804,348 Annual - fall Annual - fall




B2-U UNDERBURDEN 483,993 2,804,357 Annual - fall None(4)




B3-K KNOBLOCH 484,882 2,821,621 Annual - fall Annual - fall
B3-U UNDERBURDEN 484,872 2,821,620 Annual - fall Annual - fall
B4-O OVERBURDEN 488,340 2,828,628 Annual - fall Annual - fall
B4-K KNOBLOCH 488,338 2,828,613 Annual - fall Annual - fall
B4-U UNDERBURDEN 488,335 2,828,598 Annual - fall Annual - fall
B5-O OVERBURDEN 474,962 2,826,808 Quarterly Semi-Annual
B5-K KNOBLOCH 474,964 2,826,832 Quarterly Semi-Annual
B5-U UNDERBURDEN 474,964 2,826,820 Quarterly Semi-Annual
B6-O OVERBURDEN 474,205 2,834,703 Quarterly Semi-Annual
B6-K KNOBLOCH 474,230 2,834,696 Quarterly Semi-Annual
B6-U UNDERBURDEN 474,219 2,834,699 Quarterly Semi-Annual
B7-O OVERBURDEN 456,309 2,835,499 Quarterly Annual - fall




B7-KU UPPER KNOBLOCH 456,296 2,835,498 Quarterly Annual - fall
B7-KL LOWER KNOBLOCH 456,283 2,835,495 Quarterly Annual - fall
B7-U UNDERBURDEN 456,269 2,835,492 Quarterly Annual - fall
B8-O OVERBURDEN 463,636 2,813,752 Quarterly Annual - fall




B8-KU UPPER KNOBLOCH 463,633 2,813,740 Quarterly Annual - fall
B8-KL LOWER KNOBLOCH 463,623 2,813,713 Quarterly Annual - fall




B8-U UNDERBURDEN 463,627 2,813,726 Quarterly None(4)




B9-K KNOBLOCH 471,769 2,817,517 Quarterly Annual - fall
B9-U UNDERBURDEN 471,759 2,817,524 Quarterly Annual - fall




B10-O OVERBURDEN 447,907 2,822,243 Quarterly Annual - fall
B10-KU UPPER KNOBLOCH 447,897 2,822,244 Quarterly Annual - fall
B10-KL LOWER KNOBLOCH 447,885 2,822,244 Quarterly Annual - fall
B10-U UNDERBURDEN 447,920 2,822,245 Quarterly Annual - fall
B11-O OVERBURDEN 467,903 2,829,526 Quarterly Annual - fall
B11-K KNOBLOCH 467,914 2,829,530 Quarterly Semi-Annual
B11-U UNDERBURDEN 467,928 2,829,534 Quarterly Semi-Annual
B12-O OVERBURDEN 484,421 2,841,339 Quarterly Semi-Annual




B12-K (1) KNOBLOCH 484,421 2,841,339 Quarterly Semi-Annual




B12-U (1) UNDERBURDEN 484,421 2,841,339 Quarterly Semi-Annual




B14-O (1) OVERBURDEN 454,770 2,841,869 Quarterly Semi-Annual




B14-K (1) KNOBLOCH 454,770 2,841,869 Quarterly Semi-Annual




B14-U (1) UNDERBURDEN 454,770 2,841,869 Quarterly Semi-Annual
C-1 CLINKER 485,805 2,820,987 Quarterly Quarterly
C-2 CLINKER 476,059 2,818,546 Quarterly Quarterly
C-3 CLINKER 474,645 2,823,620 Quarterly Quarterly
C-4 CLINKER 469,778 2,824,995 Quarterly Quarterly




C-5 (1) CLINKER 479,779 2,820,100 Quarterly(2) Semi-Annual
K-1 KNOBLOCH 467,480 2,825,491 Quarterly Semi-Annual
K-2 LOWER KNOBLOCH 460,976 2,828,133 Quarterly Semi-Annual
K-3 UPPER KNOBLOCH 459,323 2,827,590 Quarterly None
K-4 LOWER KNOBLOCH 459,331 2,827,583 Quarterly None
K-5 KNOBLOCH 469,708 2,825,301 Quarterly Semi-Annual
K-6 UPPER KNOBLOCH 460,962 2,828,130 Quarterly Semi-Annual




(1) To be installed




(2) Pressure Transducer and data logger.




(3) Water levels will be measured quarterly in sampling well, once per year in fall for others.




(4) Water quality sampling may be intitiated if changes in water quality are detected in near mine underburden wells.
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TABLE 4-2 




OTTER CREEK MINE – EXHIBIT 314B 




GROUNDWATER ANALYTICAL PARAMETERS 




 




PHYSICAL PARAMETERS 
Specific conductance @ 25o C 
PH 
Total Dissolved Solids 
NON-METALS 
Acidity, Total as CaCO3 (if pH <6.0) 
Alkalinity, Total as CaCO3 
                                        Bicarbonate as HCO3 
                                        Carbonate as CO3 
                                       Hydroxide as OH 
Sulfate (SO4) 
Chloride (Cl) 
Fluoride (F) 
Nitrate + Nitrite as N 
METALS 
Calcium (Ca) 
Magnesium (Mg) 
Sodium (Na) 
Potassium (K) 
Aluminum (Al) 
Arsenic (As) 
Barium (Ba) 
Boron (B) 
Cadmium (Cd) 
Chromium (Cr) 
Copper (Cu) 
Iron (Fe) 
Lead (Pb) 
Manganese (Mn) 
Mercury (Hg) 
Molybdenum (Mo) 
Nickel (Ni) 
Selenium (Se) 
Vanadium (V) 
Zinc (Zn) 




 




Note:  Metals for Groundwater are analyzed as Dissolved Metals 
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OTTER CREEK MINE  



EXHIBIT 314C 



PROBABLE HYDROLOGIC CONSEQUENCES 



 



 



1.0  INTRODUCTION 



 



Exhibit 314C presents background information, methodology, and results of the evaluation of 



Probable Hydrologic Consequences for the Otter Creek Mine.  Results presented in this 



exhibit are based on site knowledge and data obtained through baseline investigations.  



Interpretation and conclusions presented in this exhibit are intended to address the 



requirements of ARM 17.4.314(1)(a) through (c) and (2)(a) through (c).  The requirements of 



applicable performance standards contained in ARM 17.4.631, 633, 638, 641, 643, 644, 648 



and 651 are also addressed.  



 



 











 



Exhibit 314C_Otter Creek Mine_Probable Hydrologic Consequences.doc 7/25/2012\\2:14 PM 



2-1 



2.0 MINING OPERATIONS 



 



Mining operations are proposed for Tract 2.  A complete description of the proposed mine 



plan is in Exhibit 308A – Operations Plan. 



 



Mining will remove the majority of coal in Tract 2, as shown in Mine Plan Map 8.  However, 



in specific areas, most notably along the downgradient boundaries (west and northern 



portions) a barrier (buffer) of coal will remain in place.  The purpose of this buffer will be to 



allow management of groundwater flow to the active pits.  Hydraulic conductivities of 



competent Knobloch Coal are multiple orders of magnitude lower than either the alluvium or 



clinker.  Therefore, groundwater flow can be normalized/controlled somewhat by leaving a 



strip of competent coal in place throughout mining.  This will also allow recharge to the 



initial cuts to be managed as mining continues eastward and spoil is placed in mined areas by 



regulating groundwater flow from the alluvium and clinker through the unmined coal. 
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3.0 PRECIPITATION AND CLIMATE 



 



Climate data were collected throughout the baseline monitoring period.  Results of the site-



specific meteorological data collection effort are presented in Exhibit 314I (Climatological 



Report and on-site Meteorological Monitoring Summary).  Historical climatological data are 



routinely collected and recorded for Birney, Broadus, Colstrip, and Miles City, Montana.  A 



short summary of the area temperature and climate data are present here to provide a general 



overview of conditions at the site.   



 



3.1 TEMPERATURE 



Temperatures in the vicinity of the Otter Creek Mine show seasonal extreme fluctuations.  



Average high temperatures in January are typically about 32 degrees Fahrenheit (°F) to about 



88°F in July.  Average low temperatures are about 7°F in January to 56°F in July.  See 



Exhibit 314I for additional information. 



 



3.2 PRECIPITATION 



Average monthly precipitation varies from about 0.5 inches in January and February to 



around 2.5 inches in May and June.  Average annual precipitation is approximately 14 inches.  



Precipitation in the form of snowfall is highest in December and January, when around six 



inches fall.  Total annual snowfall is about 34 inches (Bison, 2012). 



 



3.3 EVAPORATION 



Evaporation monitoring was not conducted within the Study Area during baseline data 



collection.  Average annual evaporation measured approximately 80 miles west of the Study 



Area is 47 inches.  This value was reported for the monitoring period from 1948 to 2005 at 



the Yellowtail Dam (http://www.wrcc.dri.edu/htmlfiles/westevap.final.html). 



 





http://www.wrcc.dri.edu/htmlfiles/westevap.final.html
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4.0 HYDROLOGIC SYSTEM OVERVIEW 



 



4.1 SURFACE WATER SYSTEM 



Otter Creek flows through strata of the Tongue River Member of the Fort Union Formation.  



These strata consist of interbedded sandstone, siltstone, shale, and coal deposited from 



braided drainage systems.  This type of depositional environment results in lateral facies 



changes and strata which show variable levels of resistance to erosion.  Erosion of the 



sedimentary rocks has resulted in a dendritic drainage pattern.   



 



Approximately 350 feet of relief exists in the Study Area.  Burning of coal has resulted in the 



formation of clinker around the perimeter and tops of many hills in the area.  Erosion of 



bedrock formations and associated clinker, and subsequent deposition in valley bottoms, 



results in relatively broad alluvium filled valleys.  Following a period of erosion and 



deposition, lower periods of precipitation resulted in deposition of finer grained sediments 



which overlie coarser grained deposits.  This has resulted in coarser grained alluvium 



consisting of sand and gravel above the bedrock contacts and finer grained sediments near the 



surface.  The finer grained sediments at the surface reduce the amount of surface water- 



groundwater interchange between Otter Creek and underlying unconsolidated sediments. 



 



The Otter Creek coal tracts are approximately eight miles upstream of Ashland, Montana.  



Surface water quality was monitored at 31 sites in and around Otter Creek Coal Tracts 1, 2, 



and 3 to collect baseline water resources data.  Surface water hydrology of Otter Creek near 



the Otter Creek Mine area is described in detail in the Baseline Report 304E - Water 



Resources Data Report.   



 



United States Geological Survey (USGS) monitors flow and water quality at gaging station 



06307740, (Otter Creek at Ashland, MT).  Otter Creek drains an area of approximately 711 



square miles, of which approximately 709 square miles are above the USGS gaging station.  



During the period of record (1972 to present), flows ranged from zero to more than 400 cubic 
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feet per second (cfs).  During the baseline period, flows at the gaging station ranged from a 



few cfs to 347 cfs, suggesting the flows were near maximums for the drainage.   



 



Water in Otter Creek is generally a sodium-sulfate type or a sulfate type with no dominant 



cation.  Sodium adsorption ratios (SAR) in Otter Creek at monitoring sites established for the 



baseline study were between 4.82 and 6.24; while specific conductance (SC) averaged 3,548 



umhos/cm.  Water analyzed by the USGS at the gaging station near Ashland (06307740) had 



an average SC of 3,507 umhos/cm and SAR of 6.19 during the period from June 2010 to June 



2012, which partially overlaps the period of baseline study.  Complete baseline surface water 



data are in the Baseline Report 304E - Water Resources Data Report. 



 



4.1.1 Surface Water Uses 



Surface water from Otter Creek in the vicinity of the proposed mine is available for livestock 



and wildlife use. Hay crops in the valley bottom benefit from natural flooding during spring 



runoff in most years.  Livestock and wildlife use Otter Creek, local impoundments, springs, 



and stock tanks for water sources.  Surface water from Otter Creek provides a natural 



irrigation source during times when stage levels exceed normal bankfull levels.  Once out of 



the channel the water floods the lower terraces and in some areas is distributed across the 



floodplain with local spreader dikes.  Water levels may exceed bank full levels during spring 



runoff or in response to intense precipitation events.  Such flow was observed both in 2010 



and 2011 when ice jams caused the creek to leave its banks.  Discharge in excess of bankfull 



levels was not observed during any other portion of the baseline period. According to local 



landowners (Ross Denson, personal communication) efforts to irrigate using Otter Creek 



water were attempted in the past and were unsuccessful.  This practice is no longer conducted 



within the Study Area. 
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There are no identified uses of surface water for domestic water supply purposes.  Farms and 



ranches in the area rely on groundwater wells for water supply.  Further, there are no known 



industrial uses of surface water in the vicinity of the Study Area.  



 



4.2 IMPOUNDMENTS 



Six impoundments, all constructed using earthen embankments, were monitored in and 



around Tract 2.  Pond P1 contained water throughout the baseline period and showed 



indications that the pond typically contains water.  Pond P2 only contained water during one 



visit, following a period of ground thaw, snowmelt runoff, and rainfall.  Pond P2 is very 



shallow due to silting in and has a small volume capacity.  



 



Pond P3 is located along the north boundary of Tract 2 in a tributary to Threemile Creek.  



Pond P3 contained water throughout the baseline period but does not show evidence that the 



pond perennially contains water.  There is a lack of cottonwood trees and riparian vegetation 



around the pond and no evidence of springs.  Livestock frequently use the pond as a source of 



drinking water, resulting in heavily impacted banks, possibly explaining the lack of 



vegetation. 



 



Pond P4 is located near the northeast corner of Tract 2 and is within the proposed mining 



area.  This pond is a larger impoundment and contained water throughout the baseline period.  



The pond filled in response to spring snowmelt and rainfall events and water discharged 



through the spillway resulting in flood irrigation to fields on the north facing flank of 



Threemile Creek.  Water levels in the pond quickly dropped due to seepage through the 



bottom, uptake by numerous cottonwoods growing in and around the pond, and evaporation.   



 



Pond P5 (Shorty Creek Reservoir) is located east of Tract 3 on Custer National Forest (CNF) 



property in Shorty Creek.  This pond contained water throughout the monitoring period and 



appears to typically contain water year-round. 
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Pond P6 is located on Tenmile Creek.  This pond contained water throughout the monitoring 



period and appears to be a year-round source of water. 



 



4.3 WETLANDS 



Wetland areas on Tract 2 were mapped during baseline vegetation studies.  Results are in 



Baseline Report 304I - Vegetation. 



 



4.3.1 Drainage Density 



Drainage density is a function of climatic variables (precipitation and runoff) and a 



combination of lithologic, vegetational, edaphic, and topographic influences (Knighton, 



1998).  Basins in semi-arid climates typically have the greatest drainage densities because 



they receive enough rainfall to generate runoff but not enough to sustain impeding vegetation.  



 



Drainage densities were calculated for the proposed mine area.  Drainage density is defined 



as the total channel length in a given basin divided by the basin area.  This results in a density 



of drainage channel per unit area.  Table 4-1 contains calculated drainage densities based on 



pre-mine topography.  Pre-mine drainage densities ranged from 1.66 miles per square mile 



(mi/mi
2
) to 10.01 mi/mi



2
.  The average pre-mine drainage density was calculated at 5.8 



mi/mi
2
.  



 



4.4 GROUNDWATER SYSTEM 



Baseline Report 304E - Water Resources Data Report contains baseline data for the Study 



Area, including a detailed description of the hydrogeologic system.  



 



Groundwater in the Study Area occurs in alluvium, overburden, Knobloch Coal, clinker, and 



Knobloch Coal underburden.  Water table and potentiometric maps showing current 



groundwater flow conditions are in the Baseline Report 304E - Water Resources Data Report.  



These maps show that groundwater in the overburden and Knobloch Coal flows toward Otter 



Creek, likely providing recharge to clinker and alluvium in the valley bottoms and along its 











 



Exhibit 314C_Otter Creek Mine_Probable Hydrologic Consequences.doc 7/25/2012\\2:14 PM 



4-5 



margins.  Underburden follows a similar pattern but the influence on the Otter Creek valley is 



not as distinct or well understood. 



 



Alluvial groundwater is present in the valley bottoms along Otter Creek, Tenmile Creek, 



Threemile Creek, and Home Creek.  Water in these drainages occurs under unconfined to 



semi-confined conditions.  However, water in Otter Creek also exists in areas under 



confined/semi-confined conditions.  Otter Creek alluvium exhibits evidence of recharge from 



the creek, although the magnitude is relatively small and response times longer than would be 



observed if there were direct contact with the creek.  Fine-grained sediments (silt and clay) 



that are present over much of the floodplain limit recharge from the creek, and conversely 



limit flow from the alluvium to the creek.   



 



Alluvium in Tenmile, Threemile, and Home Creek are typically unconfined although 



localized semi-confined conditions also occur.  Surface water flow in these drainages is 



intermittent in some reaches; these drainages through the Study Area are mostly ephemeral.  



Runoff water in these reaches appears to readily infiltrate into the alluvium, providing 



recharge to the groundwater system.  Exceptions to this scenario are in Tenmile Creek and 



Threemile Creek near the east Tract 2 boundary where groundwater is near the surface.  



However, surface water quickly infiltrates into downstream alluvium, particularly where the 



flanks consist of clinker, where the drainages are ephemeral. 



 



Clinker is comprised of thermally altered and collapsed overburden formed by the burning of 



previously underlying coal.  The degree of thermal metamorphosis varies depending on the 



temperature of the burn, thickness of the overburden, vertical fracture patterns, moisture, and 



duration of burn.  As the coal burned, its volume decreased.  As this occurred, or some period 



of time after burning concluded, the overburden collapsed into the void left by the burned 



coal.  The result is an interval of highly fractured and often highly permeable rock, capable of 



transmitting large volumes of groundwater.  Ash layers and/or layers of unburned coal 



sometimes remain at the base of the coal interval.  These ash and/or coal layers typically have 
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much lower permeabilities than the overlying clinker, and correspondingly cannot transmit as 



high of volumes of groundwater.   



 



Water columns (saturated thickness) in clinker are dependent on structure, proximity to zones 



of lower hydraulic conductivity, and discharge points.  For example, water columns adjacent 



to the Knobloch Coal in Tract 2, in the vicinity of well C-4, are relatively high due to the 



presence of coal on one side and alluvium on the other side, both of which have lower 



hydraulic conductivity than the clinker, and connection with Otter Creek to the south.  These 



three factors cause groundwater to accumulate in the clinker as storage.  By contrast, near 



well C-1, the base of the clinker is at a slightly higher elevation, the supply of groundwater is 



less, and the unit is better drained (not bound by units of lower permeability).  Only a foot or 



so of water is present at this location and permeability of the saturated portion of the unit is 



very low.  Very little groundwater moves through this area.  



 



The average thickness of the Knobloch Coal seam is approximately 70 feet in Tract 2.  This 



coal is generally dense, and cleated in multiple directions.  Hydraulic conductivity of the coal 



varies depending on the degree of interconnection and extent of the interconnected cleats.  



Zones with higher hydraulic conductivity also occur where weathering of the coal has 



occurred, near outcrops where removal of overburden and lateral containment have been 



removed by erosion, and where erosion has cut directly into the seams under creeks or 



drainages.  Faulting has not been identified on Tract 2, but coal in the vicinity of a fault or 



other structural anomaly tends to be highly fractured and highly transmissive. 



 



Underburden water at the site is present in the Tongue River Member of the Fort Union 



Formation.  Groundwater was found in the porous grained sedimentary rocks as well as coal 



interpreted to be the Flowers-Goodale seam, approximately 100 feet below the Knobloch 



coal.  Deeper waters are present in the Tullock Creek Member, but were not studied during 



the baseline investigation. 
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4.4.1 Groundwater Flow 



Groundwater flow in unconsolidated and bedrock units have been well documented for the 



Study Area and proposed mine area (Baseline Report 304E - Water Resources Data Report).  



Groundwater flow in the alluvial system is restricted to the valley bottoms along Otter Creek, 



Tenmile Creek, Threemile Creek and Home Creek.  There is likely also flow in alluvium of 



Shorty Creek, east of Tract 2, but this system was not evaluated during the baseline 



investigation.  Groundwater flow in these deposits typically follows the downstream direction 



of surface water features, under gradients similar to surface topography.  Depth to water in 



these drainages ranges from a few feet to more than 20 feet below ground surface.  Along 



Otter Creek, slight gains and losses are observed due to inflow from alluvial and clinker 



hydrostratigraphic units. Tributary drainages on the west side of Otter Creek on Tract 3 



typically are ephemeral and do not have developed alluvial flood plains.   



 



Gradients in clinker are slightly flatter than the surrounding bedrock and alluvial systems due 



to very high hydraulic conductivity.  Water entering the clinker flows parallel to Otter Creek 



in a general north-northwesterly direction.  It appears the interchange of waters between the 



creek and the clinker is limited, although where in direct contact, water from the creek 



recharges the clinker.  The amount of flow between the creek and the clinker is limited by the 



presence of fine-grained deposits which underlie the creek and extend across the valley 



and/or by fine grained sediment that has filled interstitial pore spaces where the creek flows 



across the clinker.  In the lower portion of the drainage, where the clinker gets structurally 



pinched out, water flows either into the adjacent alluvium or into the creek. 



 



Groundwater occurrences in the overburden are inconsistent, with lateral continuity only 



existing locally. Channel sandstones, which have been described in portions of the Fort 



Union Formation (Lopez and Heath, 2007), were not positively identified in overburden 



wells installed during the baseline investigation.  Water is present in the overburden in the 



northeast part of Tract 2, but absent through the middle and southeastern (e.g. at well B7) 



portions of the tract.   Groundwater is present in overburden sandstone strata that are in 



contact with the coal at well K-2 but this sandstone was absent at well K-3.   Overburden in 
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Tract 2 had limited groundwater at B4-O and was not observed at the B3 battery.  Water was 



absent in the overburden north of Tract 3 at B2-O and within Tract 3 at the B9 battery.  Water 



was present in the overburden in Tract 3 at well battery B8. 



 



Groundwater flow in the Knobloch Coal is towards Otter Creek on Tract 2, and also on 



Tracts 1 and 3, suggesting a connection between the coal and the unconsolidated sediments 



that occupy the valley, and the creek.  Groundwater flow patterns do not indicate discharge to 



Tenmile Creek or Threemile Creek alluvium.  The Home Creek alluvium is isolated from the 



Knobloch coal by clinker along its entire length through Tract 1.  The Knobloch Coal is 



under hydrostatic pressure.  Coal on the east side of Tract 2 is under a substantial pressure 



head (greater than 100 feet at wells B7 through KL), while the amount of artesian head 



decreases towards Otter Creek and is absent where in contact with alluvium or clinker. 



 



Groundwater flow in the Knobloch underburden is generally northward.  Potentiometric 



contours bend around the creek suggesting a possible discharge area in the valley bottom.  



Such discharge could be from flow into deeper alluvium or the result of depressurization by 



flowing water supply wells constructed in the deeper Tullock Creek Member.  Hydrostatic 



pressure in the Tullock Creek Member has created a potentiometric surface that is higher than 



the ground surface elevation at several wells in the Otter Creek valley. 



 



4.4.2 Private Wells 



Private wells were inventoried by searching the GWIC, NRIS, and DNRC databases.  Wells 



identified in that search are shown on Plate 2 and Table 2-13 of the Baseline Report 304E – 



Water Resources Data Report.  Some wells were also identified in the field that could not be 



correlated to GWIC information and are listed as unknown or unused.  Wells identified in the 



inventory had the following uses listed: 



 Exploration boreholes  



 Domestic Wells  



 Domestic/Stockwater  



 Dry holes (boreholes)  



 Industrial  
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 Irrigation  



 Monitoring/Research  



 Petroleum well  



 Public Water Supply  



 Stockwater  



 Stockwater/irrigation  



 Test holes  



 Unknown  



 Unused  



Note that wells installed during this investigation are not included in the list.  It is assumed 



that the wells will remain in place under the current use as monitoring wells for the 



foreseeable future. 



 



4.5 SPRINGS 



Baseline Report 304E - Water Resources Data Report contains maps and a listing of springs 



and seeps inventoried in the fall of 2010 and 2011 (Plate 4).  Full access was available for the 



spring and seep inventory in the proposed mine area.  However, access was not available for 



some portions of Tract 1 and Tract 3 or for some lands within the primary hydrologic study 



boundary north and west of the tracts.  Aerial photos, topographic maps, and electronic 



databases were examined to identify potential springs and seeps in areas with no available 



ground access.   
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5.0  SURFACE WATER – PROBABLE HYDROLOGIC CONSEQUENCES 



 



5.1 SURFACE WATER QUANTITY - PROBABLE HYDROLOGIC 



CONSEQUENCES 



5.1.1 Runoff from Precipitation - Probable Hydrologic Consequences 



During mine operations, runoff from precipitation and snowmelt will be contained and 



directed to mining pits or to designed containment structures such as excavated ponds, traps 



and depressions.  Water from designed containment structures will be managed to optimize 



benefits to the hydrologic system.  It is anticipated that contained runoff water will be utilized 



for haul and access road dust control; will infiltrate to recharge unconsolidated sediments and 



bedrock below the structures; be allowed to evaporate; or will be directed to percolation 



systems.  Discharge to surface waters is not planned during normal operations but may occur 



in response to runoff events exceeding the design capacity of the drainage control system. 



 



Detention of runoff water and use of controlled releases to surface water will reduce peak 



flows from the mine area to Otter Creek.  Management of runoff water through stormwater 



containment structures will regulate the timing and magnitude of releases to Otter Creek. 



Note however, that the mine area is small compared to the Otter Creek Drainage basin as a 



whole, as shown below.  Therefore, changes in flow observed in Otter creek resulting from 



water containment and regulated discharge will be imperceptible. 



 



Drainage 



 



Area 



(acres) 



Controlled 



Acres 



% of Drainage 



Controlled 



Otter Creek Total 455,040 4,617 1.0% 



Otter Creek Upstream of Otter 



Creek Mine 



377,924 4,617 1.2% 



Tenmile Creek 27,520 0 0% 



Threemile Creek 32,908 1,143 3.5% 



Home Creek 37,760 0 0% 
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5.2 SURFACE WATER QUALITY – PROBABLE HYDROLOGIC 



CONSEQUENCES 



5.2.1 Contained Surface Water 



Runoff from precipitation and snowmelt will be contained and directed to ponds, traps, 



depressions and/or mining pits.  Baseline data has shown that surface water runoff during and 



following intense storm events may transport high amounts of sediment.  These sediments 



may contain elevated amounts of total recoverable iron, manganese, and aluminum, as 



indicated by data collected in the baseline monitoring period (See Baseline Report 304E - 



Water Resources Data Report – Appendix E).  Under current conditions, this sediment 



potentially reaches active waterways, including Otter Creek.  The sediment load may cause 



temporary increases in turbidity and/or deposition in the stream channel.  During mining, an 



overall reduction of sediments to Otter Creek and associated tributaries will occur due to 



runoff containment measures.  The result will be a net reduction in sediment load to Otter 



Creek resulting in a net improvement of downstream surface water quality. 



 



Water discharged as a result of high snow melt and/or rainfall runoff will be of short duration 



and consist of melt or rain water, and will be low in dissolved solids, but may carry 



suspended sediment, although most sediment will be captured by ponds.  Any water 



discharged during frozen ground conditions will not infiltrate but will flow downstream and 



presumably enter Otter Creek.  Water contained during frozen ground conditions will likely 



be of high quality because of the lack of effective ground contact.  Discharge of this water 



will have no negative affect on the quality of area surface water bodies. 



 



 



Water discharged from containment ponds will be of similar or better quality to that of Otter 



Creek.  For example, water quality samples for the baseline period collected from tributaries 



to Threemile Creek and Otter Creek from the proposed mine area during the baseline period 



showed average SC and SAR values of 3,071 to 3,340 µmhos/cm and 5 to 5.3, respectively.  



Water samples from Otter Creek monitoring sites during the baseline period had average SC 
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and SAR values of 3,548 µmhos/cm and 5.5, respectively.  Based on these values, there will 



be an overall improvement in water quality by controlled releases of stormwater runoff. 



 



Once mining is completed, the site will be reclaimed.  Post-mine topography will likely be 



somewhat flatter, overall, than the pre-mine topography.  This is due to the removal of 60 to 



70 feet of coal.  The flatter surface gradients are expected to result in lower runoff velocities.  



Lower velocity surface water flow is less erosive.  Salvaged soils will be redistributed and the 



site will be revegetated with adapted plant species.  Once vegetation is established, restriction 



to overland flow is expected to be near that currently observed.  However, gradients will be 



flatter.  The flatter surface gradients are expected to result in lower runoff velocities.  Lower 



velocity surface water flow is less erosive.  Therefore, it is expected that sediment transport 



from the site, following establishment of vegetation, will be lower than currently observed 



levels. 



 



5.2.2 Managed Groundwater Percolation– Probable Hydrologic Consequences 



Dewatering of the Knobloch Coal will be necessary prior to and possibly during mining.  



Unaltered groundwater pumped from wells located upgradient of the pit, or water from the pit 



itself, will be directed to percolation facilities which could include wells, ponds, or galleries.  



Percolation facilities will be located in clinker adjacent to the north end of the Otter Creek 



Mine Area and will be downgradient of a band of un-mined competent coal (buffer) that will 



be left in place around the mine perimeter.  The buffer of un-mined coal will be 500 feet or 



greater and will provide a constant hydraulic conductivity to limit flow into and out of the 



Otter Creek Mine.  The purpose of the buffer is to maintain current hydrologic conditions 



between the active mining and spoil areas and the unconsolidated materials, and weathered 



coal that are present near Otter Creek.  This will allow greater control of groundwater flow in 



the pit area. 



 



Mine dewatering rates are expected to be greatest during the first two to five years of pit 



development.  During the initial box cut, and as necessary throughout the life of the mine, 



unaltered groundwater will be routed to percolation facilities opposite the coal buffer.  Water 
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from these facilities will enter clinker and flow downgradient toward the Otter Creek 



alluvium (see Appendix A).  Some water will be taken up by evapotranspiration, while some 



water will flow out of the drainage either in alluvium or clinker.  A small fraction of the 



managed water is expected to reach Otter Creek and issue as surface water. 



 



The groundwater flow budget predicted with a numerical groundwater flow model 



constructed for the Otter Creek Mine area indicates that baseflow from alluvium to Otter 



Creek is approximately 0.2 cfs (90 gpm).  Instantaneous dewatering rates as high as 2,000 



gpm during the initial box cut and a conservative average life-of-mine dewatering rate of 357 



gpm were predicted by the transient model.  Increases in baseflow caused by percolation of 



the unaltered Knobloch Coal groundwater, at even the highest initial rates, were estimated to 



be 0.11 cfs (50 gpm).  Increases in surface water flow attributable to the Otter Creek Mine, if 



any, will depend on actual dewatering rates.  Pumping wells are incapable of producing 



dewatering rates or creating the near instantaneous drawdown simulated by drains in the 



numerical model; thus, mine influences on Otter Creek Surface water flows projected by the 



model are a conservative estimate.  The projections suggest that, under all but the lowest 



surface water flow regimes in Otter Creek, flow increases caused by mining will be 



imperceptible.  Recall that the mean annual discharge is approximately 4.5 cfs (~2020 gpm) 



at USGS gaging station 06307740.   



 



Water produced in later years of pit dewatering may be introduced to the internal mine 



drainage system and not injected in clinker adjacent to Otter Creek, as was simulated by the 



model.  Water introduced to the internal mine drainage system will either evaporate or 



recharge mine spoils on the upgradient side of the coal buffer.  Because the coal buffer has a 



constant hydraulic conductivity, groundwater flow through the buffer from mine spoils will 



be less than baseline flow from the Knobloch Coal until groundwater recovers to or above 



current levels.  Reduced flow from the spoils will result in a minimal reduction in 



groundwater that is delivered to Otter Creek Alluvium and ultimately to Otter Creek.  Water 



levels are projected to fully recover in the mine spoil within 15 years after mining (see 



Chapter 6.0).       
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5.3 IMPOUNDMENTS - PROBABLE HYDROLOGIC CONSEQUENCES 



Three ponds (P1, P2, & P4 – see locations shown on Map 10 - Environmental Monitoring 



Stations) are within the proposed mining area.  A fourth pond (P3) is located on the north 



boundary of proposed mining extents. 



 



Pond P1 and Pond P2 will be removed by mining.  There are currently no plans to replace 



these ponds.  However, if necessary, replacement water sources are available for the area 



including underburden aquifers.  Wells installed into these units could be operated by 



windmills, dedicated pumps supported by portable generator, or solar powered submersible 



pumps. 



 



Pond P3 will not be removed by mining.  It is anticipated that the impoundment will contain 



water through the early years of mining and its use will be not be impacted.  However, as 



mining progresses, the pond will need to be modified to contain sediment and runoff from 



design storms.     



 



Pond P4 will likely be at least partially removed by mining. If necessary, the existing 



embankment may be removed and replaced with an excavated pond further down the 



drainage; or the existing embankment may be modified.  In either case, the impoundment will 



continue to serve as a source of water for wildlife during mining.  Once mine pits are 



reclaimed in this area, the pond will serve as a stock water source.  Disturbances to this pond 



will not occur until later stages of mining in Tract 2. 



 



Although permanent ponds are not proposed at this time, it is likely that at least some 



sediment ponds will be proposed as permanent ponds at a later date when pond water 



availability and quality can be projected with more certainty based on operational experience.   



 



Pond P5 (Shorty Creek Reservoir) will be not be impacted by mining.  The source of water 



for Pond P5 is from runoff and local springs issuing from overburden units that will be 
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unaffected by mining.  Runoff to the pond is primarily from drainages that are outside of the 



Otter Creek Mine area.  One tributary to the pond originates in Tract 2.  However, mine plans 



restrict mining to areas opposite the surface water divide so runoff to the pond from mine 



disturbances will not occur.   



 



Pond P6 will not be affected by mining in Tract 2.  This pond receives recharge from 



upstream areas of Tenmile Creek, either as runoff from precipitation and snowmelt, or as 



water issuing from the alluvium under the pond.   



 



5.4 WETLANDS - PROBABLE HYDROLOGIC CONSEQUENCES 



Wetlands identified in the proposed mine area during vegetation baseline studies (Baseline 



Report 304I - 2011 Vegetation) were limited to stock pond margins, pond seepage areas and 



riparian zones along the banks of Otter Creek.  Disturbed wetland features will be addressed 



in mine reclamation plans in the form of wildlife habitat enhancement features and/or 



eventual conversion of sediment ponds to permanent ponds. 



 



5.5 DRAINAGE DENSITY - PROBABLE HYDROLOGIC CONSEQUENCES 



Post-mine drainage densities were calculated based on post-mine topography.  Similar 



methodologies were used in that measured drainage lengths shown on Map 12 – Post-Mine 



Topography were divided by area in associated drainage basins.  Calculated pre-mine 



drainage densities were 5.8 mile per square mile.  Calculate post-mine drainage densities 



were 5.74 mi/mi
2
.  This equates to a pre-mining to post mining drainage density change of 



about one percent.  Table 4-1 compares calculated drainage densities for pre-mine and post-



mine topography.  
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5.6 SURFACE WATER USES - PROBABLE HYDROLOGIC CONSEQUENCES 



Although some short-term, localized uses of surface water may experience abbreviated 



interruption, the current uses of surface water will not be impacted by the proposed mine.  



Traditional irrigation is not practiced in the vicinity of the proposed mine, or in Tract 1 and 



Tract 3.  Irrigation structures are limited to spreader dikes in the Otter Creek drainage and in 



some tributaries.  These structures provide passive flood irrigation by good quality water 



during runoff.  According to local landowners, past attempts to dam Otter Creek and divert 



flow for flood irrigation were not successful, presumably due to elevated TDS and SAR. 



 



Livestock and wildlife will still have access to Otter Creek, springs and seeps, as well as 



water containment structures associated with the mine.  Recreational uses will also continue 



outside of the mine permit boundary. 



 



Following reclamation, surface water uses will be the same as pre-mine uses.  Water sources 



will exist in Otter Creek, Fortune Spring, Coal Creek Spring, and seasonally in topographical 



low spots or impoundments. 
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6.0 GROUNDWATER – PROBABLE HYDROLOGIC CONSEQUENCES 



 



6.1 GROUNDWATER FLOW – PROBABLE HYDROLOGIC CONSEQUENCES 



A groundwater model was developed to aid evaluation of potential hydrologic impacts 



associated with groundwater flow, groundwater quality, re-establishment of groundwater 



levels, including influences of surface water flow, and surface water quality.  The model is a 



two-dimensional model constructed using the MODFLOW numerical model and GMS 



processing software.  Appendix A contains a detailed description of the groundwater model, 



input parameters, and associated results.  Results discussed in this section are largely the 



result of predicted changes from simulations produced by the model. 



 



Transient simulations predicted two to three feet of water level decline during mining at well 



A-3.  Well A-3 is located upgradient of the mine area near the confluence of Otter Creek and 



Tenmile Creek.  Water levels at this well were about three to five feet below ground surface 



during the baseline monitoring period.  Seasonal fluctuation of about two feet was observed.  



Assuming drawdown induced by mining is additive, water levels would be expected to be six 



to eight feet below ground surface, within limits of sub-irrigation, and would have no effect 



on current groundwater uses.  At the lowest level, this would leave about 49 feet of available 



water in the alluvium.   



 



Predictions of increases to downgradient water levels are on the order of one to two feet in 



the vicinity of well AVF2.  The predicted changes are increases induced by injection of 



unimpacted water into clinker units downgradient of active pits.  Increases in groundwater 



levels would be most noticeable in the alluvium rather than in the clinker; although, some 



rise would occur in the clinker.  Water levels at well AVF2 are about 1.5 to eight feet below 



ground surface.  Water levels predicted by the model suggest increases to near ground 



surface.  However, the increase would likely result in a slight increase in flow to Otter Creek 



and actual increases in groundwater levels would be dampened.  Also, dewatering and 



injection rates predicted by the model are conservative estimates.  Dewatering rates from 
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wells will likely not create influx to the alluvium as great as model output predicts.  No 



changes in groundwater levels at the permit boundary are expected. 



 



Groundwater present in the overburden in the mine area will be removed during mining.  



Overburden will be converted to unconsolidated spoil as mining progresses.  The area will be 



graded and reseeded once topsoil is redistributed.  Recharge will begin immediately upon 



spoil placement as a combination of precipitation recharge and lateral flow from coal buffer 



areas.  



 



Removal of the Knobloch Coal will remove this hydrostratigraphic interval from within the 



mine area.  As mentioned in the previous paragraph, overburden removed during the 



stripping process, will be backfilled as spoil.  This will result in spoil being laterally in 



contact with coal in the reclaimed mine area.  A buffer layer of unmined coal around the 



perimeter of the former pits, which is intended to limit flow into the pit from clinker and 



alluvium during mining, will be left in place.  



 



As the coal is dewatered and removed, a hydrologic low will result in the mine.  Since the 



Knobloch Coal is generally under hydrostatic pressure, the area in the active pit, and in 



dewatering areas upgradient of active pits, will experience depressurization.  When 



potentiometric levels are drawn below the top of the coal, unconfined flow conditions will 



exist.  Potentiometric heads in the coal upgradient of the mine will be reduced.  Hydrographs 



in Plate 1 of Appendix A illustrate reductions in potential based on groundwater model 



simulations.   



 



Drawdown predicted by the transient model was greatest for the Knobloch coal east of the 



Otter Creek Mine; hydrographs for three hypothetical monitoring points east of the mine area 



are included Appendix A, Plate 1.  The magnitude of drawdown from dewatering will be 



greatest east of the mine because there are no proximate hydrologic boundaries included in 



the model.  Note, however, that predicted drawdown east of the mine assumes homogeneous, 



isotropic conditions exist throughout the entire area.  This condition is unlikely to occur.  
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Heterogeneities and anisotropic conditions are likely to result in a reduction in the actual 



amount of drawdown that will actually occur.  Because the model domain extends only one 



mile beyond the proposed mining area, and for the reasons mentioned above, predictions of 



drawdown beyond the model domain are less accurate and likely over predict effects on water 



levels that are likely to occur. 



 



Modeled drawdown was greatest within one mile of the dewatering simulation; and projected 



drawdown resulted in water levels below the top of coal (i.e. unconfined conditions) at the 



CNF boundary.  Groundwater model simulations predict 70 to 80 feet of drawdown at the 



CNF boundary and 36 feet of drawdown three miles east of the boundary.  Unconfined 



conditions were predicted in the last year of the mine dewatering simulation for a limited area 



of forest near the final mine cut and lasted for approximately four years after dewatering 



stopped.  Note the hydrographs (Plate 1, Appendix A) that modeled water levels nearly 



recovered within 15 years of the dewatering simulation.  Extended periods of unconfined 



conditions in the coal may result in potential compression of the system.  Therefore, pumping 



from areas that can potentially be dewatered to levels below the top of the coal should be 



monitored to prevent this occurrence.   



 



It is not anticipated that flow in the underburden will be impacted by mining of the Knobloch 



coal.  Upward gradients between the overburden and Knobloch Coal exist in some areas.  



This relationship indicates that recharge to the deeper strata is occurring further toward the 



perimeter of the basin and at higher elevations.  Removal of groundwater from the coal will 



not affect these zones.  Only minor head differentials exist in areas where downward 



gradients exist.  As described in the Baseline Report 304E - Water Resources Data Report, 



confining layers are present between the base of the Knobloch Coal and hydrostratigraphic 



units in the underburden.  These confining layers will limit or prevent effects of dewatering 



the coal. 
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6.1.1 Re-Establishment of Groundwater Levels 



Estimation of groundwater level recovery was accomplished using a groundwater flow model 



to simulate pre and post-mine water levels.  Transient model runs were conducted to simulate 



mine dewatering and recharge to the mine area and surrounding aquifers following mining.  



Groundwater contours and hydrographs illustrate results of the simulations (Appendix A).   



 



As noted above, water levels declined during dewatering at observation wells upgradient of 



the simulated mine area; but water levels increased at observation wells adjacent to or 



downgradient of the mine area.  Water levels at well A6 declined in response to initial box 



cut dewatering but later rose to greater than the starting head in response to downgradient 



injection.  Water levels rose by a maximum of approximately two feet at the furthest 



downgradient well (AVF2-1) and declined by approximately 1.25 feet at the furthest 



upgradient well (A3), which suggests very localized changes in alluvial water levels.  Water 



levels in alluvial wells upgradient of the mine area began to recover as mining proceeded to 



the east; and water levels in all alluvial wells recovered rapidly when dewatering/injection 



was stopped.  Predicted water levels in alluvium were fully recovered 10 years after the end 



of mine dewatering.  Perceptible changes in alluvial water levels will likely subside in much 



less time due to inflow of ground and surface water from upstream. 



 



As indicated by model results (Appendix A), water level recovery in mine spoils is highly 



spatiotemporally variable.  Mine spoils nearest the western mine boundary, bordered by 



clinker and alluvium, are projected to recover first.  For example, water levels in mine spoils 



in in the area of observation well K-1 recovered to within 99% of their starting head just five 



years after simulated dewatering.  Despite rapid recovery in the western third of the mine 



area, the direction of groundwater flow is projected to change to flow toward subsequent 



dewatering zones on the east side of the mine.  In model simulations, the direction of 



groundwater flow returns to the pre-mine orientation approximately three years after 



dewatering efforts end.  Water levels inside the entire mine area (spoils) are projected to 



recover within approximately 15 years after the last mine cut is dewatered.   
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Water levels in Knobloch Coal adjacent to the mine area are projected to recover at rates 



similar to mine spoils discussed above.  Recovery rates will vary based on proximity to 



hydrologic boundaries, such as alluvium, clinker, or surface water features.  For example, 



water levels in Knobloch Coal outside the mine area but adjacent to Threemile Creek or 



Tenmile Creek are expected to recover faster than water levels in coal east of the mine area.  



Note the hydrographs and potentiometric contours generated by the model (Appendix A) that 



predict water levels nearly recovered in off-site coal within 15 years of the dewatering 



simulation.  



 



6.2 GROUNDWATER QUALITY 



6.2.1 Groundwater Quality - Probable Hydrologic Consequences 



Overburden in the mine will be stripped to allow removal of the Knobloch Coal.  Overburden 



will then be placed as spoil material to fill the interval previously occupied by the coal.  



Groundwater from the un-mined Knobloch Coal east of the mine will flow into the spoil.  In 



lower elevations along the western part of the mine, water from clinker and alluvium will 



flow into the spoil through a coal barrier providing recharge until water levels in the spoil rise 



to a level where groundwater flow directions will approximate current patterns.  Precipitation 



recharge will also occur.  Initial post-mine recharge rates from precipitation will likely be 



higher than current recharge rates, due to higher vertical permeabilities created by mining 



disturbance.  Once the area is reclaimed and vegetation is established, recharge rates from 



precipitation to the spoil should approximate current conditions.   



 



Water quality within the spoil is expected to be more similar to that observed in overburden, 



than the coal aquifers that it replaces (Van Voast, Hedges, McDermott, 1977).  Variability in 



quality can also be expected between areas.  An initial increase in total dissolved solids 



(TDS) can be expected since stratified overburden deposits will be excavated and replaced in 



an unstratified condition with considerable mixing.  This will result in more chemical 



constituents becoming available for dissolution and transport in groundwater (Van Voast and 



Hedges, 1975).  Van Voast et al. (1988) noted that average TDS concentrations in mine spoil 



of southeastern Montana mines are 50 to 200 percent higher than average concentrations in 
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undisturbed aquifers.  Given an average TDS of 1,800 mg/L for the Knobloch coal, TDS in 



spoils groundwater could range from 2,700 to 5,400 mg/L.   Groundwater from overburden 



monitoring wells in the study area ranged from 1,560 to 5,910 mg/L TDS.  



 



Initial concentrations of TDS in spoil water will be highest following initial wetting.  As 



groundwater flows through the spoil, availability of soluble salts will diminish and 



concentrations are expected to decrease.  Column testing is currently being conducted on 



overburden samples from four exploration boreholes.  Substrates used in the column tests 



were chosen randomly from four areas of the proposed mine, with one location from each of 



four quadrants divided from north to south.  Results of those analyses will be used to further 



predict recharge water quality that may be expected in the spoil. 



 



Overburden samples were collected from 55 boreholes during the 2011 Ark Land exploration 



drilling program.  Samples were submitted for chemical analysis of saturated paste extract.  



Saturated paste extracts provide a conservative estimate of initial spoils groundwater quality.  



Concentrations of major ions in saturated paste extracts have been found to compare 



favorably to those occurring in the first pore volume of column leachate (Van Voast et al., 



1978).  Weighted averages of saturated paste extract results were calculated for pH, specific 



conductance (SC), and sodium adsorption ratio (SAR).  Resulting values were: pH = 8.0; SC 



= 3,820 mhos/cm; and SAR = 19.1.  For comparison purposes, average values of the same 



parameters for baseline water quality samples from the Knobloch Coal were; pH = 8.4, SC = 



2,499 mhos/cm, and SAR = 35.3 (Baseline Report 304E - Water Resources Data Report). 



 



Groundwater flows from the Knobloch Coal in the proposed mine area to clinker and 



alluvium downgradient of the proposed mine.  As mine dewatering commences, the direction 



of groundwater flow will trend toward the active dewatering area.  Based on transient 



groundwater flow modeling results, the direction of groundwater flow will be re-established 



approximately three years after the conclusion of mine dewatering; and spoils are expected to 



be recharged to near baseline groundwater levels approximately 15 years after the end of 



dewatering.  A “coal buffer”, left in place to restrict flow from alluvium and clinker during 
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dewatering, will also regulate flow from spoils to clinker and alluvium to near background 



levels.  Assuming gradients are similar or flatter than the current gradients, groundwater flow 



from the mined area will be equal to or less than current estimated flow.  The modeled flow 



budget from the mine area to the buffer reaches a quasi-steady-state flow of approximately 



140 gpm at the end of the 118-year simulation (100 years after mining).  Equilibrium flow 



from the spoils reaches Otter Creek alluvium at approximately 43 gpm and clinker at 



approximately 97 gpm.          



 



A groundwater quality mixing analysis was performed by coupling saturated paste extract 



results and flow budgets from mine spoils to downgradient receptors.  Flow budgets were 



extracted from the transient groundwater flow model (Appendix A).  Based on the mixing 



analysis, de-minimus changes in SC within the range of natural variability are projected for 



Otter Creek alluvium, downgradient clinker, Threemile Creek alluvium, and Otter Creek 



surface water.  SAR may increase slightly, as a result of the increased proportion of sodium 



in spoil groundwater.  The overall lack of spoil water influence on downgradient water 



quality is attributable to the minimal amount of disturbance relative to the overall size of the 



groundwater flow system. 



 



Spoil water quality from other mines in southeast Montana provide further insight into 



groundwater quality that might be expected in the Otter Creek Spoil.    Van Voast 1988 



reported that water in undisturbed units contained substantially lower concentrations of 



dissolved constituents than spoil water.  Samples from wells completed in coal seams 



averaged about 1750 mg/L; whereas average spoil water quality ranged from 2,880 to 3,660, 



about double the concentrations observed in the undisturbed units.  Sodium, calcium, 



magnesium, and sulfate comprised the majority of additional dissolved solids in the spoil.  



 



6.3 ALLUVIAL VALLEY FLOORS - PROBABLE HYDROLOGIC 



CONSEQUENCES 



At the time of this writing, an alluvial valley floor (AVF) determination has not been 



completed.   However, disturbances to potential AVF’s will only occur in association with 
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construction of access roads, conveyors, and other associated mine support facilities, and will 



have no effect on surface water in Otter Creek or alluvial ground water.  Coal removal will 



not occur under any potential AVF’s.   



 



Observations indicate that existing shallow ground water conditions do not significantly 



enhance agricultural production, presumably due to elevated EC in soils and ground water.  



The majority of production enhancement in the vicinity of the coal tracts occurs in response 



to infiltration of higher quality runoff water.  Groundwater modeling of the proposed mine 



indicates water levels in the alluvium along Otter Creek may be lowered by a few feet.  



Because there appears to be minimal sub-irrigation under existing conditions, additional 



impacts from lowering groundwater levels in potential AVF’s will not be discernible.  As 



noted above, a groundwater quality mixing analysis was performed by coupling saturated 



paste extract results and projected flow budgets from mine spoils to downgradient receptors.  



Based on the mixing analysis, nearly immeasurable changes in SC are predicted for alluvium 



in Otter Creek and Threemile Creek.  SAR may increase slightly, as a result of the increased 



proportion of sodium in spoil groundwater, but the increase will not appreciably influence the 



already limited sub-irrigation potential.  



 



  



6.4 SPRINGS- PROBABLE HYDROLOGIC CONSEQUENCES  



6.4.1 Spring Water Quantity- Probable Hydrologic Consequences 



Few springs or seeps were identified within the Tract 2 mine area.  However, those that lie 



within the extents of the coal to be mined in Tract 2 will be removed by mining and will not 



be replaced.  These include (SSI-11-15, SSI-11-16, SSI-11-17, SSI-11-211 and SSI-10-003) 



Plate 2, Baseline Report 304E - Water Resources Data Report).  All seeps identified in the 



proposed mining area were either standing water with no discernible flow (possibly residual 



from recent precipitation events), or seeps that derived their source water as release from 



storage in nearby sediments.  Each of these sites was visited in June 2012, and all were dry.  



This indicates that the seeps were fed by water held in local storage from heavy precipitation 



in 2011 and not by baseflow. 
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Pond P1 likely has a spring associated with it due to its perennial nature.  This pond and the 



associated spring will be removed during mining. 



 



Seeps SSI-11-19, SSI-11-14 and SSI-11-212 are seeps located within the proposed permit 



boundary but outside of the area to be mined.  All are very low yield seeps likely receiving 



recharge from the release of water from local unconsolidated sediments.  None are perennial 



seeps and each has been observed to be dry during the past year.  Mine activities could affect 



these areas due to infrastructure construction.  However, given the lack of yield and 



ephemeral nature of the sites, no impact to the hydrologic balance of the site will occur. 



 



Site SSI-20 appears to be a moist spot in a small oxbow near Otter Creek.  The presence of 



water at this location is dependent on water levels in the alluvium near the creek.  



 



6.4.2 Spring Water Quality - Probable Hydrologic Consequences 



Only two named springs are in the vicinity of the proposed mine; Fortune Spring and Coal 



Creek Spring.  Both springs receive recharge water from overburden units that are 



stratigraphically above and higher in elevation than the coal to be mined.  There will not be 



any disturbance in recharge areas for these springs.  Based on these relationships, changes in 



water quality are not expected at these springs. 



 



As mentioned in the previous section, Site SSI-20 appears to be a moist spot in a small 



oxbow near Otter Creek.  The presence of water at this location is dependent on water levels 



in the alluvium near the creek.  Water derived at this site would be from the Otter Creek 



alluvium.  Flow to the area is from the south and will not be affected by mining at the Otter 



Creek Mine.  Therefore, water quality impacts at this site are not anticipated. 



 



6.5 PRIVATE WELLS - PROBABLE HYDROLOGIC CONSEQUENCES 



Wells listed within three miles down gradient and one mile in other directions from the 



proposed permit boundary and completed in units that could potentially be impacted by 
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mining are identified in Table 6-1.  Also listed in the table is an estimate of potential impacts 



to the wells and overall usability of the wells for their intended purposes.   



 



One hundred and twelve private wells were identified within the proposed permit boundary, 



within one-mile of the proposed permit boundary laterally and up gradient, and three miles 



downgradient.  Estimates of impacts were based on the location of the wells, stratigraphic 



position of the wells, completion intervals, water management plans, groundwater modeling 



results, and understanding of local hydrogeology.  Based on this review, it was concluded that 



18 wells will potentially show some level of impact.   



 



Projected impacts include complete removal of the well, changes in water quality, or changes 



in water levels (either increase or decreases).  Projected impacts to private wells are as 



follows: 



 Five wells will be removed by mining, 



 One wells may experience slight to moderate drawdown, and, 



 Four wells may experience either slight drawdown or mounding associated with 



management of unimpacted water associated with dewatering prior to mining.  These 



wells may also show slight changes in water quality in the form of slight improvement 



during mining followed by slight declines following mining. 



 



Wells within the proposed mine area will be removed during mining.  Replacement wells will 



be installed if the post-mine use requires wells in these areas, or for monitoring purposes.  



Potential water supply targets are described in the Baseline Report 304E – Water Resources 



Data Report. 



 



A limited number of wells exist within Tract 2, and around its perimeter.  Generally, wells 



completed in the overburden in the proposed mine area will be removed.  Wells in the 



overburden near the mine area are not likely to experience significant impacts due to mining 



since recharge to these wells occurs locally.   
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Wells completed in the Knobloch Coal will have varying amounts of water level changes, 



particularly those completed in the coal east of the proposed mine area.  Changes in 



groundwater levels do not necessarily equate to impacts to use.  For example, if a well is 



completed in a 60 foot coal seam and exhibits a potentiometric head that is 50 feet above the 



top of the coal, a reduction in head of 20 feet will not necessarily affect the usefulness of that 



well.  Groundwater monitoring wells at batteries B6 and B7 have been installed to detect and 



quantify changes in water levels in the coal near the permit boundary.  In addition, 



monitoring wells will be installed on CNF property to the east of the mine area to provide 



additional information regarding water levels and quality for evaluation of potential impacts. 



 



Wells in potential future mining in Tract 1 and Tract 3 are not included in this evaluation.  



However, any wells in these areas will be thoroughly evaluated prior mining in those areas.  It 



is anticipated that impacts to wells in these areas would be similar to those in the Tract 2 



area, and that replacement water could be provided from deeper units if necessary..  
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7.0  WATER RESOURCES MONITORING PLAN  



 



Water resources at the Otter Creek Mine will be monitored for quality and quantity through a 



network of monitoring sites that include wells, surface water, springs, and ponds.  A 



monitoring plan has been developed for the mine and is included in Exhibit 314B – 



Hydrologic Monitoring and Sampling Plan. 
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8.0  MATERIAL DAMAGES 



 



Material damage is defined in 82-4-203, MCA, as “with respect to protection of the 



hydrologic balance, degradation or reduction by coal mining and reclamation operations of 



the quality or quantity of water outside of the permit area in a manner or to an extent that land 



uses or beneficial uses of water are adversely affected, water quality standards are violated, or 



water rights are impacted.  Violation of a water quality standard, whether or not an existing 



water use is affected is material damage.”    



 



Operations at the Otter Creek Mine will be conducted in a manner intended to minimize 



adverse effects on and prevent material damage to the hydrologic balance.  Mitigating 



measures are discussed in Exhibit 314A – Protection of the Hydrologic Balance.  



Groundwater and surface monitoring programs have been designed to allow early detection 



of changes in quality and quantity of water resources within the permit boundary.  Review of 



water quality, water level and flow data will be evaluated to identify potential changes in the 



hydrologic system.  Any changes identified in the hydrologic system will be evaluated and 



addressed through further investigation, revision or application of best management practices, 



and/or implementation of mitigation measures (if necessary).   



 



Management practices will be employed to reduce the potential for occurrence of changes in 



the hydrologic balance.  This will include management of surface water and groundwater to 



minimize impacts through surface water runoff containment, groundwater management, mine 



planning, and water resources monitoring.  Management practices will be revised if/when 



methods to enhance protection of the hydrologic balance are identified.    



 



Based on the evaluation of baseline data and probable hydrologic consequences analysis no 



material damages are expected.  However, based on the monitoring design for the system, any 



indicators of material damages will allow early detection of potential changes in the 



hydrologic system which can be evaluated and addressed, as necessary. 
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9.0 CUMULATIVE HYDROLOGIC IMPACTS 



 



9.1 OTHER COAL MINES 



 



Otter Creek Mine will not interact hydrologically with any other existing coal mining 



operations in the area.  The nearest operating mine is the Western Energy Co. Rosebud Mine 



at Colstrip, about 28 miles to the northwest.  The now closed Peabody Coal Co.  Big Sky 



Mine is located just to the south of Rosebud Mine.  These mines are in the drainage of 



Armell’s Creek which flows north to the Yellowstone River, and are hence isolated from the 



Tongue River drainage, so there is no potential for interaction with respect to surface waters.  



These mines recover coal from the Rosebud and McKay (Big Sky only) seams, which are 



separate from and stratigraphically above the Knobloch, so there is no potential ground water 



connection, which would be unlikely in any case given the distance. 



 



The Decker Mine (Decker Coal Co.) and Spring Creek Mine (Cloud Peak Energy) are located 



about 35 miles to the southwest in the Tongue River drainage just above the Tongue River 



Reservoir.  Otter Creek enters the Tongue River at Ashland, which is about 32 miles below 



the Tongue River Dam.  Decker Mine has been in operation since the late 1960’s, and Spring 



Creek Mine since the early 1980’s.  Although the Decker Mine, Spring Creek Mine and the 



prospective Otter Creek Mine are all within the Tongue River drainage, there have been no 



discernible hydrologic effects of the existing mines on the Tongue River system over their 



many years of operation, and their distance above the Otter Creek combined with the 



probable buffering effect of the Tongue River Reservoir renders any cumulative effect highly 



unlikely.  The Anderson and Dietz coals are mined at the Decker area mines; these seams are 



stratigraphically above and not hydraulically connected to the Knobloch Coal in the Otter 



Creek area. 
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9.1 ANTICIPATED MINING 



 



The only other anticipated mining in the vicinity of Otter Creek Tract 2 is on Otter Creek 



Tracts 1 and 3 both of which are leased by Ark Land and will be sequentially mined by Otter 



Creek Coal, LLC as shown on Map 1 – Mining Sequence.  There are no other known coal 



leases in the area except Sections 16 and 36 (T4S, R45E); both are State of Montana leases 



within the Otter Creek Coal Tracts which are currently held by Consolidation Coal Co. and 



Great Northern Properties, respectively.  There are no known existing or pending Federal coal 



leases in the area, nor are there any pending permit applications. 



 



9.2 CUMULATIVE IMPACT AREA 



 



Based on the foregoing section of this report, the Cumulative Impact Area consists of Otter 



Creek Coal Tracts 1, 2 and 3, and the adjacent area where surface water and /or ground water 



resources “could reasonably be expected to be adversely affected by proposed mining 



operations” (82-4-203 MCA).  This definition is distinct from “material damage”, also 



defined at (82-4-203 MCA), and addressed in Section 8.0 above.  Adverse effects can occur 



without constituting material damage. 



 



9.3 CUMULATIVE HYDROLOGIC IMPACTS 



 



As described in detail above, hydrologic impacts will be localized, confined to the permit 



area, and for the most part temporary.  The mine plan has been designed to minimize 



hydrologic impacts and prevent material damage to hydrologic resources outside the permit 



area, and the nature of the hydrologic system is such that projected impacts are so slight as to 



be in all probability not discernible.  Mining on Tracts 3 and 1 will follow in sequence; 



similar mitigating measures will be employed in mine plan design and implementation, and 



hydrologic impacts are expected to be similar and probably less because on Tract 2 hydraulic 



gradients in the Knobloch Coal and direct contact with the Otter Creek alluvium are both 
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greater than on Tracts 3 and 1. Projection of cumulative hydrologic impacts for mining in 



Tracts 1 and 3 will be aided by observations and analysis performed during the mining of 



Tract 2.   Groundwater dewatering and performance of water management practices will 



provide valuable data in further evaluating the potential cumulative impacts, either direct, or 



indirect which can be anticipated with expanded coal mining in the area. 



 



Analyses provided in this document suggest that impacts to Otter Creek and the groundwater 



system will occur. Current hydrologic information suggests that Tracts 1 and 3 will generally 



behave in a similar fashion to Tract 2.   However, any project impacts associated with mining 



are not expected to have the effect of causing water quality standards to be violated or 



degrading water quality or reducing the volume of water to a point that the current uses 



would be impaired or damaged.   



 



9.4 MATERIAL DAMAGE CRITERIA 



 



Material damage is defined in 82-4-203, MCA, as “with respect to protection of the 



hydrologic balance, degradation or reduction by coal mining and reclamation operations of 



the quality or quantity of water outside of the permit area in a manner or to an extent that land 



uses or beneficial uses of water are adversely affected, water quality standards are violated, or 



water rights are impacted.  Violation of a water quality standard, whether or not an existing 



water use is affected is material damage.”    



 



Otter Creek was originally listed as impaired for agriculture, warm-water fishery, and aquatic 



life beneficial uses by salinity, TDS, chlorides, metals, suspended solids, and other habitat 



alterations on the Montana 1996 303(d) list (MDEQ, 1996).  The basis of the 1996 



determination was unknown; and sufficient credible data were not available to make an 



impairment determination on the 2006 303(d) list (MDEQ, 2006; USEPA/Tetra Tech, 2007).  



Otter Creek is listed as impaired by iron, salinity, and suspended solids on the 2012 303(d) 



list.   
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A numeric water quality standard for salinity of 500 mhos/cm was adopted by the Montana 



Board of Environmental Review in 2006 for all tributaries of the Tongue River to protect 



these waters for agricultural use.  In a review of available data for Otter Creek (USEPA/Tetra 



Tech, 2007), it was found that the salinity standard (by SC) was exceeded by nearly all 



individual samples.  Only samples taken during the highest 5% of surface water flows had SC 



less than 500 mhos/cm. All of the monthly averages included in the comparison were 



greater than 500 mhos/cm.  A modeling analysis included in the study indicated that 



exceedances of the salinity standard were largely due to natural causes (USEPA/Tetra Tech, 



2007).        



 



Similarly, seasonal numeric water quality standards were adopted for SAR.  During the 



growing season (March 2 through October 31) a monthly average SAR standard of 3.0 



applies.  The maximum SAR standard for a single sample during the growing season is 4.5.  



The monthly average and instantaneous maximum SAR standards during the non-growing 



season (November 1 to March 1) are 5.0 and 7.5, respectively.  Otter Creek exceeds the 



growing season SAR standard greater than 96% of the time; and the source of SAR 



exceedances is thought to be largely due to natural causes, rather than human influences 



(USEPA/Tetra Tech, 2007).   



 



AVF studies during the baseline investigation concluded that maximum benefits to 



agricultural areas along Otter Creek occur during spring snowmelt.  During these times, the 



creek may become bank full, and overflow waters across the valley floor, providing higher 



quality soil water for plant utilization and flushing of accumulated salts.  Operations at Otter 



Creek Mine will have no effect on spring runoff arising from the upper reaches of the Otter 



creek watershed.  As evidenced by 2012 field observations, crops along the creek appear 



receive minimal benefit from sub irrigation.  Changes in water levels will have little, if any, 



impact on late season production.  Further, Otter Creek does not flow continuously, with 



some years drying up completely (no flow measured at Ashland USGS station).  During these 



times, the contribution of flow to the Tongue River is zero.  During normal baseflow 



conditions, the flow is quite small providing only low flows with SAR exceeding newly 
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established standards.  Changes to the volume of flow, and the quality of flow to Otter Creek 



are projected to be minimal, if detectable at all, and within the range of natural variation.  



Furthermore, negative affects to the existing uses are not projected. 



 



Although water level declines in the Knobloch coal are projected during mine operations, 



adverse impacts on water and land use are not anticipated because of a lack of wells 



completed in this unit.  Although the ground water model projects water level declines for 



some distance, measurable declines would be evident only in close proximity to the mine, 



and would be material only if the decline in a specific well precluded its use, and the water 



supply could not be replaced. 
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OTTER CREEK MINE  




EXHIBIT 314C APPENDIX A 




GROUNDWATER FLOW MODEL DEVELOPMENT, 




CALIBRATION, AND MINE DEWATERING SIMULATION  




 




1.0 INTRODUCTION 




 




Hydrometrics developed a computerized two-dimensional flow model of the proposed 




Otter Creek Coal Tract 2 area not only to simulate baseline groundwater flow conditions 




but also to predict hydrologic effects of the Otter Creek Coal mine plan.  The location of 




the proposed Otter Creek Coal Mine and the general model area are included in Figure  




1-1.   




 




The model was constructed to accomplish four objectives: 




 Objective 1 –  Develop a flow model that is focused initially on Otter Creek 




Tract 2 but that produces transferable results and/or is easily adaptable to 




include future permit actions/mine expansion 




 Objective 2 – Develop a steady-state flow model that is calibrated to pre-mine 




potentiometric head and groundwater flux through various hydrogeologic 




strata (i.e. Knobloch Coal, Clinker, and alluvium) found in the Otter Creek 




Coal Tracts; 




 Objective 3 – Develop a transient flow model with the capability of predicting 




mine cut inflows/surface mine dewatering rates, aquifer response to dewatering 




at multiple locations in all of the key strata/aquifers, and post-mine recharge 




rates.    




 Objective 4 – Develop a transient flow model, the output of which can be 




coupled with water quality data to predict potential near term and long term 




effects of mining and water handling on local surface water and groundwater.   
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Following the introduction, this report is organized according to the model development 




process.  The groundwater flow modeling process was completed in four phases: 




1. Conceptual Model Development;  




2. Input Parameterization and Numerical Model Construction; 




3. Calibration; and  




4. Predictive Simulation.   




 




Methodology and results of each phase of model development are discussed in separate 




sections; and conclusions of the groundwater flow modeling process are presented in the 




final section of this report.  All phases of model development are parameterized by data 




and observations collected/made during baseline surface water and groundwater studies 




(Hydrometrics, 2010) and/or previously published reports related to the hydrogeology of 




Otter Creek and the surrounding coal reserves.  Attainment of the four modeling 




objectives, as they pertain to individual phases of model development, is documented in 




the following sections.    
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2.0 CONCEPTUAL MODEL 




 




The hydrologic framework used in the development of the numerical flow model is defined 




in the conceptual model; thus, conceptual model formulation generally includes identifying 




features that are important to a given hydrologic system and creating a list of variables that 




may have the greatest influence on the outcome of model simulations.  Variables of 




interest typically include recharge rates, aquifer properties (storativity, transmissivity, 




confining layers, etc.), evapotranspiration, and surface water interaction (i.e. Otter Creek) 




with groundwater, among others.  The appropriate scale or extent of the conceptual model 




must also be selected, to accomplish specific modeling objectives.   The conceptual model 




is largely qualitative but may also require calculations to characterize certain 




hydrogeologic processes (i.e. using groundwater potential at multiple wells to determine 




direction of groundwater flow).  Conceptual groundwater flow models are often 




developed by evaluating geologic, topographic, and potentiometric maps, well logs, 




published results of previous studies, geologic cross-sections, and surface water and 




groundwater hydrographs.  These tools were made available as a result of baseline 




groundwater and surface water investigation conducted at Otter Creek.  Because one of 




the objectives of this modeling effort is to predict the hydrogeologic response to coal 




mining, specifically mine de-watering, an abstract of the mining process is included in the 




conceptual model.     




 




2.1 BASELINE CONDITIONS 




Important hydrogeologic features and flow patterns within the baseline conceptual model 




domain are identified as follows.   




 Otter Creek – Otter Creek is the primary surface water feature in the mine area 




and model domain.  Otter Creek is a perennial stream that originates in south 




Powder River County and flows north to the Tongue River at Ashland, MT.  




Tracts 1 and 2 of the proposed Otter Creek Coal Mine are located to the east of 




Otter Creek, and Tract 3 is located on the west side of Otter Creek, between eight 




to nine miles from its confluence with the Tongue River.  Local tributaries to 
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Otter Creek in the mine area include Tenmile Creek, Threemile Creek, Home 




Creek, and East Fork Otter Creek; all of which are ephemeral streams within the 




project area, although intermittent reaches occur in upstream areas.  Due to 




contributions from ephemeral drainages and additional groundwater discharge, 




Otter Creek is a gaining stream in the reach from Tenmile Creek to Ashland, MT.  




Otter Creek and other surface water features relevant to the groundwater flow 




model are included in the baseline characterization report (Hydrometrics, 2012).  




In short, Otter Creek and its tributaries near and within the mine are pertinent to 




the groundwater modeling effort due to their hydraulic connection with the 




Knobloch Coal.  Alluvium, and ultimately surface water in Otter Creek and its 




tributaries, is either in direct connection with the coal or is connected to the coal 




by permeable clinker deposits.  Stratigraphic cross sections, illustrating 




connectivity of Otter Creek and key subsurface strata, is presented in Map 16.  It 




is worthy to note that, while there is a hydraulic connection between Otter Creek 




and its alluvium, much of the Otter Creek stream bed is overlain with very fine-




grained silty/clayey sediments that limit conductivity between surface water and 




the alluvium.     




 Alluvium – Water-bearing sediments in the alluvium of Otter Creek and its 




tributary drainages consist primarily of poorly to well sorted sand and gravel 




originating from clinker and other sedimentary parent materials.  Fine-grained 




sand, silt, and clay surface deposits are often present above the water-bearing sand 




and gravels.  Depth to groundwater in the alluvium is typically less than 15 feet 




below ground surface (bgs).  It is common for the shallow water level in the 




alluvium to rise above the contact of the fine-grained deposits and the gravel, 




which indicates that the alluvium acts as a confined or semi-confined system.   In 




general, groundwater flow in the alluvium is parallel to Otter Creek (flow from the 




southeast to northwest).   Potentiometric maps are presented in the Baseline 




Report Exhibit 304E – Baseline Water Resources Data Report.  East Fork Otter 




Creek, Home Creek, Threemile Creek, and Tenmile Creek drainages each have 




their own alluvial groundwater flow component, some of which are equal in 
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magnitude to flux through Otter Creek Alluvium, and all of which discharge to 




Otter Creek Alluvium.  As noted, the alluvium is often underlain by Knobloch 




Coal or clinker (formed during in-situ burning of the Knobloch Coal).  Because of 




the disparity in permeability between alluvial deposits and coal, the alluvium is 




likely gaining where it is in direct contact with the coal.  Conversely, alluvium in 




direct contact with clinker has the potential to drain to the more permeable 




thermally altered sediments.   




 Knobloch Coal – The Otter Creek Coal mine will target the Knobloch Coal, 




which averages 60 – 70 feet in thickness in the study area, and is the primary coal 




of economic significance in the Otter Creek drainage.  The Knobloch Coal is 




nearly flat lying, although the structure shows a shallow syncline which trends 




upward to the north and south.  The axis of the syncline is in the middle of Tract 2 




and at the south end of Tract 3.  The axis is perpendicular to the boundary 




between Tracts 2 and 3; in this area the coal subcrops and partially underlies the 




alluvium.  Within the area encompassed by this modeling program, much of the 




coal seam is burned along the contact with alluvium, resulting in deposits of 




scoria, or clinker.  Saturated groundwater conditions are present throughout most 




of the coal.  Locally, groundwater flow in the Knobloch Coal is apparently 




convergent with the Otter Creek alluvium.  The direction of coal groundwater 




flow on the east side of Otter Creek is to the west and the direction of flow on the 




west side of Otter Creek is to the east, until flow from either side reaches the 




alluvium and proceeds to the northwest (Figures 2-2 to 2-7 in Baseline Report 




304E).  Most of the saturated coal behaves as a confined aquifer; but it is 




unconfined when directly adjacent to or beneath clinker and/or alluvium.  Values 




of hydrogeologic properties (i.e. transmissivity, storativity, etc.) of coal are 




several orders of magnitude lower than those properties of the clinker and 




alluvium.  At the south end of Tract 2, the Knobloch Coal is not found in one 




continuous deposit; rather, the coal is separated into up to four discrete seams.  




Groundwater potential is not consistent between the seams; however, flow from 
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all of the seams converges as the splits disappear to the north.  Separations in the 




Knobloch Coal are presented in Map 16 - Geologic Cross Sections.     




 Clinker – Clinker is formed when sediments are exposed to intense heat from 




burning coal seams.  When strata are thermally altered they typically become very 




hard and more rigid than similar sediments in an unaltered condition.  As the coal 




burns, the volume of the seam decreases.  The more rigid overburden subsides 




into the void left by the burned coal.  Because it is inflexible, the rock fractures as 




the subsidence occurs.  Fractures leave clinker well-drained and very permeable.  




As noted, large bodies of clinker are present within the model domain, most of 




which are situated between alluvial valleys of Otter Creek and its tributaries and 




the unaltered Knobloch coal.  Clinker formations are illustrated in cross sections in 




the Baseline Report Exhibit 304E – Baseline Water Resources Data Report.  




Hydraulically, clinker behaves as an unconfined aquifer; and certain deposits of the 




burned sediments appear to be a vast reservoir for groundwater storage along 




Otter Creek.  Greater spacing between potentiometric contours (see figures in 




Baseline Report 304E) indicates that the hydraulic gradient across clinker in the 




area of well C3 is very low.  Although this clinker is highly hydraulically 




conductive, flux through the unit can be no greater than the amount of water it 




receives from neighboring strata.  Groundwater potential in the clinker is lower 




than in either the adjacent coal or alluvium; thus, both the Knobloch Coal and 




Otter Creek alluvium are potential sources of groundwater in the clinker.     




 Overburden and Underburden – Overburden and underburden are excluded 




from the conceptual model because they have little hydrogeologic influence on the 




shallow two-dimensional Knobloch/clinker/alluvium flow system.  Groundwater is 




sparsely distributed in overburden within the model domain.  At baseline 




monitoring well sites, overburden is low yield, perched, or dry.  The occurrence of 




groundwater in underburden was also variable.  The highest yielding and most 




contiguous underburden formation is a thick sandstone bed separated by 




approximately 100 feet of impermeable siltstone/shale/claystone from the bottom 




of the Knobloch Coal.  Groundwater in shallower underburden formations occurs 
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at a much lower frequency and at much lower yields.  Potentiometric maps 




presented in the Baseline Report 304E – Baseline Water Resources Data Report 




indicate higher groundwater potential in the underburden than in the coal (i.e. an 




upward gradient) in areas of Tract 2; thus, groundwater in the Knobloch coal 




within much of the study area is not a source of recharge to the underburden.  




Therefore, mining of the Knobloch Coal seam would have little, or no affect, on 




water levels in the underburden.  Similar observations and assumptions regarding 




the significance of underburden in the Otter Creek Flow model are quoted as 




follows (Cannon, 1985): 




Deeper sandstone and coal aquifers, those that do not crop out along the 




Otter Creek valley or intersect valley alluvium, are assumed to contribute 




little or no water to the modeled reach of the Otter Creek valley. This 




assumption is supported by the presence of thick beds of relatively 




impermeable shale underlying the entire valley and by small upward 




potentiometric gradients in deeper aquifers. 




 




2.2 COAL MINE OPERATIONS, DEWATERING, AND RECHARGE  




In order to effectively mine the Knobloch coal seam in Tract 2, the coal will first have to 




be de-watered.  Constructs of transient simulations will include dewatering the Knobloch 




coal in accordance with the mine water management plan.  Specifically, unaltered 




groundwater will be pumped from the coal and discharged underground to the clinker 




hydrogeologic unit via either injection wells or an infiltration gallery.  The baseline 




hydraulic gradient declines from the coal to the clinker; thus, the mine de-watering plan is 




essentially an acceleration of the natural flow path.   




 




As mining progresses across Tract 2, spoils will replace the extracted coal in open mine 




cuts.  Groundwater flow from the east, and to a limited degree from the west and south, 




will recharge the spoils over time.  The permeability of spoils is highly variable and will 




affect the rate at which water levels will recover; and the geochemical character of the 




spoils will influence future groundwater quality.  Temporal changes in groundwater 
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quantity following mining, will be quantified by the model and coupled with results of 




overburden saturated past analysis to predict long term hydrogeochemical conditions in 




the spoils.    




 




Water quality in each hydrogeologic unit (i.e. coal, clinker, and alluvium) and surface 




water in the Otter Creek Mine area has unique water quality characteristics (Baseline 




Report Exhibit 304E – Baseline Water Resources Data Report).  Flow budgets extracted 




from the transient model will quantify the interaction of water between the hydrogeologic 




units and surface water; and baseline water quality data will be coupled with the flow 




budgets to predict future water quality in the Otter Creek Mine area.   
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3.0 INPUT PARAMETERIZATION AND MODEL CONSTRUCTION 




 




The software package utilized to create the numerical groundwater flow model was 




Groundwater Modeling System (GMS) 6.5 © 2007.  The GMS graphical user interface is 




analogous to a geographic information system; in fact, the interface allows for users to 




input layer data that may include map features.  Map and layer data from GMS are 




converted to MODFLOW-2000 (Harbaugh et al., 2000) input parameters and packages.  




MODFLOW-2000 is embedded in GMS to simulate physical groundwater flow through 




porous media via a finite-difference numerical algorithm.  MODFLOW was originally 




documented in 1984 (McDonald and Harbaugh, 1984); but the most robust presentation 




of the computer program and associated code was released in 1988 (McDonald and 




Harbaugh, 1988). MODFLOW-2000 (Harbaugh et al., 2000) contains an expanded 




modularization approach, including additional data-input capabilities and multiple 




equations not found in MODFLOW (McDonald and Harbaugh, 1988).  Since its release, 




the model has been widely used and highly validated in numerous groundwater flow 




applications, such that it has become the industry standard for two and three-dimensional 




groundwater flow modeling.   




 




3.1 MODFLOW BASIC PACKAGE(S) 




The “Conceptual Model Approach” made available by GMS was used to incorporate the 




conceptual model described above into the numerical MODFLOW-2000 model.  A 




topographic base map and several CAD layers, including mine plan layers, monitoring well 




locations, clinker burn lines, stream-laid deposits, and Otter Creek Tract boundaries, were 




imported into GMS.  The Basic Package was used to convert GMS map layers into data 




arrays and assign those arrays to MODFLOW grid cells.  The Basic Package also reads 




initial input and boundary conditions, implements stress periods and time steps (for 




transient simulations), calculates overall water budgets, and controls output at the user’s 




command (McDonald and Harbaugh, 1988).   
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The Layer Property Flow (LPF) package was used simulate flow between cells.  The LPF 




package contains the option for a convertible cell type.  Convertible cells may be confined 




or unconfined based on changes in potentiometric head.  This flow package also allows 




rewetting of cells.  Both convertible cells and rewetting of cells are important to transient 




mine dewatering simulations.    




 




3.2 MODEL DOMAIN  




The active model domain occupies approximately 31.1 square miles and extends 




longitudinally from approximately one mile south of Tenmile Creek to approximately one-




half mile south of Home Creek.  Laterally, the model extends from the western edge of the 




Otter Creek Alluvium to approximately one mile east of the National Forest Boundary.  




The chosen model domain includes all of the Tract 2 mine area, most of the Tract 1 mine 




area, and none of the Tract 3 mine area except for some incidental overlap in the Otter 




Creek Alluvium.  Because Tract 2 is to be mined first, it was subject to a greater degree of 




baseline study and is the focus of this initial modeling program.   




 




Initially, the model grid consisted of 175 columns by 231 rows of uniformly spaced 200-




foot by 200-foot cells.  This grid was modified by inputting hydrologic parameters into 




individual cells to refine the model domain to its current configuration.  The resulting 




domain is a rectangular shape along the north, east and south sides of the model, and an 




irregular shape approximately consistent with the Otter Creek floodplain along the west 




boundary.  The 200-foot grid spacing is considered fairly refined for a model domain this 




large.  The refined grid requires more intense computation; but the smaller cells reduce 




“averaging” results over large area.  The long axis of the grid is oriented parallel to the 




general direction of groundwater flow to maximize simulated flow path lengths; and the 




model domain is wide enough to sufficiently evaluate lateral mine dewatering effects 




outside of the mine area.   




 




As previously noted, the objective of this modeling effort was to predict aquifer responses 




to mine dewatering in the Knobloch Coal (both inside and outside the mine area), 
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alluvium, and clinker aquifers.  All of these hydraulically connected units were simulated in 




a single layer of cells.  The top and bottom elevations of the model layer were consistent 




with elevations of individual hydrostratigraphic units surveyed in monitoring wells and 




exploration boreholes on site.  Cell top and bottom elevations were created by importing a 




set of two-dimensional scatter points for both the top and bottom of water-bearing units 




and interpolating the scatter points to MODFLOW.  Where the Knobloch Coal is split at 




the south end of Tract 2, the model layer was constructed from the bottom of the deepest 




water-bearing coal to the top of the shallowest water-bearing coal.  Because coal 




hydraulic conductivity in this area is low, this simplified representation of the coal seams 




did not introduce a large amount of unnecessary transmissivity to the model.   A 




conceptualization of the model grid/layer structure is presented in Figure 3-1.   




 




3.3 BOUNDARY CONDITIONS  




Two types of boundary conditions were used to simulate flow conditions at the perimeter 




of the model domain: 1.) General Head Boundary (GHB) conditions; and 2.) No flow 




boundary conditions.  GHB conditions allow external flow into and/or out of boundary 




cells in proportion to the difference of the head in the boundary cell to the head at the 




external source (McDonald and Harbaugh, 1988).  The factor of proportionality between 




boundary cells and the external source is known as conductance.  Conductance in the 




general head package is quantified as the quotient of aquifer transmissivity and distance to 




external source (i.e. units of ft
2
/day/ft).  No flow boundary conditions do not allow flow 




into or out of the model; and they do not require any additional model input.  Boundary 




conditions used in the model are illustrated in Figure 3-1.   




 




GHB conditions were assigned to the east, west, and south boundaries of the model.  East 




and west GHB were parameterized largely by hydraulic conductivities/conductance and 




gradients at Knobloch Coal wells near or outside of the model boundary; but conductance 




values were increased at reaches of the boundary representing flow through Tenmile 




Creek alluvium, Threemile Creek Alluvium, and the large clinker deposit on the north end 




of the western boundary.  The southern GHB was partitioned to included parameter 
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values representative of flow through Otter Creek Alluvium and Knobloch Coal.  The 




alluvial portion of the southern GHB is the farthest up-gradient source of flow through the 




Otter Creek Alluvium.  Based on the potentiometric surface in the Knobloch Coal 




hydrogeologic unit, the direction of flow through the Knobloch Coal is not normal to the 




southern GHB; thus, flow through the Knobloch coal portion of the southern GHB was 




moderated by reducing conductance.   




 




The northern model boundary was simulated by a composite of no flow and GHB 




conditions.  Alluvium and clinker present at this boundary were simulated by GHB; while 




the Knobloch coal was not considered a contributor to flow.  Based on the shallow 




potentiometric surface created during preparation of the conceptual model, alluvium and 




clinker at the north end of the model domain are important conveyers of groundwater in 




the direction of flow.  However, potentiometric contours in the Knobloch coal are 




perpendicular to the model boundary.  GHB conductance and external head were 




characterized by known hydraulic conductivities and head at downgradient AVF1 




monitoring wells, respectively.    




 




3.4 OTTER CREEK 




Otter Creek was represented in the model using the River Package.  This package is 




analogous to the general head boundary package in that flow into or out of river cells is 




proportional to the difference in head between the river and the adjacent aquifer.  The 




factor of proportionality is known as the river conductance.  River conductance is the 




product of the vertical hydraulic conductivity of the riverbed and the area of the stream 




bed as it crosses the cell, divided by the thickness of the streambed material (McDonald 




and Harbaugh, 1988).   




 




Conductance of the Otter Creek streambed was tested informally during several pumping 




tests performed at alluvial wells in proximity to the creek.  Typically, drawdown in the 




pumping wells was not inhibited by recharge from the creek. This observation indicates 
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that the conductance between the creek and the alluvial aquifer is limited.  The streambed 




was modeled with a conductance of 0.1 (ft
2
/day)/ft.     




 




The relationship between streambed elevations and alluvial groundwater levels is critical to 




calculation of gaining or losing conditions in the stream.  Streambed elevations surveyed at 




surface water monitoring sites were extrapolated to the entire model reach.  Surface water 




gage heights representative of base flow conditions were used in steady state and transient 




simulations to provide for the most conservative estimate of mining impacts on Otter 




Creek.   




 




3.5 AQUIFER PROPERTIES   




The entire model domain was areally delineated into one of three hydrogeologic units 




(Knobloch Coal, alluvium, or Clinker), each assigned values of aquifer properties (i.e. 




hydraulic conductivity, specific storage, and specific yield) consistent with those 




determined by onsite aquifer tests or other valid published values.  The hydrogeologic 




delineation was conducted using a combination of geologic maps and field verified clinker 




and alluvium boundaries.  The delineated model domain is presented in Figure 3-2 and 




includes 24.35 square miles of Knobloch Coal, 4.5 square miles of alluvium (including 




alluvium of Tenmile Creek and Threemile Creek), and 2.25 square miles of clinker.   




 




Approximately 1.35 square miles of clinker were mapped at the south end of the study 




area near Tenmile Creek.  Closer review of borehole lithology provided by Arch Coal 




indicates that this area is only burned over the upper portion (i.e. upper seams) of the 




Knobloch coal and that groundwater is not present in burned sediment above the coal.  




This area was assigned values of hydrogeologic properties consistent with coal in the flow 




model.  Similarly, the clinker outcrop targeted by well C1 was nearly dry, except for a 




very thin column of perched groundwater in the bottom of the well.  Results of a slug test 




at C1 indicated hydraulic properties much lower than those typically found in clinker; and 




the water level elevation in the well is consistent with groundwater potential in nearby 




Knobloch Coal well B3-K.  Aquifer properties consistent with coal were assigned to the 
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area mapped as clinker near well C1.  Both of the areas described above are identified in 




Figure 3-2.  




 




3.5.1 Alluvium 




Hydraulic conductivity and specific storage values assigned to alluvium in the Otter Creek 




groundwater flow model were based on aquifer testing results from monitoring wells in 




Otter Creek, Threemile Creek, and Tenmile Creek alluvium.  The specific yield value 




assigned to alluvium in the model was equal to that used in the modeling effort by Cannon 




(1985) and was based on Johnson (1966).  Alluvial aquifer properties calculated from 




aquifer test data and used in the model are tabulated below. 




 




Hydrogeologic Unit 
Hydraulic Conductivity (ft/day)  Specific Storage (1/ft)  Specific Yield  




Mean Median 




MODFLOW 




Parameter  min max  




MODFLOW 




Parameter  




MODFLOW 




Parameter  




Otter Creek Alluvium 186 124 150 7.45E-06 1.57E-04 9.20E-05 0.22 




Threemile Creek Alluvium 90 90 90 7.85E-04 7.85E-04 7.85E-04 0.22 




Tenmile Creek Alluvium  40 40 40 -- -- 9.20E-05 0.22 




 




Values of both specific storage and specific yield were applied to the modeled alluvial 




aquifer because alluvial groundwater level observations are indicative of semi-confined 




conditions but drawdown caused by mine dewatering may produce unconfined conditions 




in the alluvium.  Drawdown and cell-to-cell flow calculations rely on the specific storage 




parameter under confined conditions but are dependent on specific yield once the aquifer 




becomes unconfined.  Parameter values presented in the table above are the final values 




used in the calibrated steady state model.  Calibration procedures and results are presented 




in Section 4.     




 




A notable exception to the alluvial parameters listed above was applied to an area of 




unconsolidated sand and gravel immediately adjacent to and in connection with Otter 




Creek Alluvium that overlays a full section of Knobloch Coal just west of the proposed 
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mine area.  These sediments, identified in Figure 3-2, were assigned a hydraulic 




conductivity of 20 ft/day, which is representative of a mixed alluvium/coal aquifer.       




 




3.5.2 Knobloch Coal 




Hydraulic properties assigned to Knobloch coal within the model domain varied spatially 




with aquifer test results.  In general, hydraulic conductivity of the coal within the Tract 2 




mine area is higher than the hydraulic conductivity of surrounding coal to the north, south, 




and east.  The value of hydraulic conductivity assigned to coal within the mine area was 




2.9 ft/day, as compared to values assigned to coal outside of the mine area, which ranged 




from 0.5 to 3.0 ft/day.   




      




Hydrogeologic Unit 
Hydraulic Conductivity (ft/day Specific Storage (1/ft)  




Specific 




Yield  




Mean Median 




MODFLOW 




Parameter  min max  




MODFLOW 




Parameter  




MODFLOW 




Parameter  




Knobloch Coal, Mine 




Area 




3 2 2.9 2.20x10-6 2.20x10-6 1.30 x10-6 0.05 




Knobloch Coal, All Wells  2.3 1.0 0.5 – 3.0 -- -- 1.30 x10-6 0.05 




 




A hydraulic conductivity of 3.0 ft/day was assigned to the partially oxidized coal beneath 




dry clinker at the south edge of the model adjacent to Tenmile Creek.  Exploration logs 




indicated that the Knobloch Coal is split into two to four individual seams in this area.  




The clinker is attributable to the burned Upper Knobloch seam, which is dry at the nearby 




B7 battery, and groundwater is encountered primarily in the middle to lower seams.   




 




3.5.3 Clinker 




A single aquifer test was conducted in the clinker hydrogeologic unit in direct hydraulic 




connection to the alluvium and bedrock at well C4.  The test included 100 minutes of 




pumping at 360 gpm.  Measurable drawdown was not detected using manual measuring 




devices and data obtained from electronic pressure transducer contained a lot of 




background “noise”.  A best fit line was generated using Aqtesolv analytical software for 




the electronically measured data.  The resulting estimate of transmissivity was on the order 
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of 762,000 ft
2
/day.  There is some uncertainty in these data since manually measured 




drawdown was not detected; but the lack of drawdown suggests that the clinker formation 




has a very high hydraulic conductivity and specific yield.  A review of clinker aquifer 




testing results (Heffern and Coates, 1999) presents a range of clinker transmissivity in the 




Powder River Basin from 35,400 ft
2
/day to 1,482,400 ft




2
/day.  At an assumed saturated 




thickness of 50 feet (i.e. the approximate saturated thickness at C4); these transmissivities 




would result in a range of hydraulic conductivities from 708 ft/day to 29,648 ft/day.  A 




hydraulic conductivity of 2,500 ft/day was used in the model.  The chosen value is such 




that it that would not limit conduit between coal and alluvium but may provide a 




conservative measure of drawdown from pumping and mounding from injection.   




 




Clinker storativity values presented by Heffern and Coates (1999) range from 0.15 to 0.3.  




Storativity is the unit volume of water removed from an aquifer of a given area per unit 




decline in potentiometric head; thus, high values of storativity would result in less 




drawdown in a given aquifer than would low storativity values if an equal volume of water 




were removed (i.e. by pumping).   Because no measurable decline in water level was 




observed during the C4 clinker pumping test, storativity is presumed to be relatively high.  




A storativity of 0.25 was used for clinker in the Otter Creek flow model.  For an 




unconfined aquifer, which is typical of clinker, storativity is equal to specific yield.  




Specific storage is related to storativity by the saturated thickness of the aquifer.  Specific 




storage of the clinker was calculated by dividing storativity by an assumed clinker 




thickness of 50 feet.  A specific storativity value of 0.005 ft
-1




 was assigned to clinker units 




in the model; however, it was not likely needed for drawdown calculations were 




unconfined conditions exist.    




 




3.6 RECHARGE 




An annual recharge rate of 1.54 inches was calculated for non-sub-irrigated alluvium and 




clinker in the Otter Creek valley by Cannon (1985).  Alternatively, Woessner et al. (1981) 




calculated annual recharge rates of 1.2 inches and 2.8 inches in the clinker and alluvium, 




respectively.  Values of annual recharge were varied within the published range during the 
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calibration process (described in Section 4).  Ultimately, an annual recharge rate 




equivalent to 1.8 inches (0.00041 ft/day) was assigned to clinker and alluvium in the 




model.   




 




Recharge to the Knobloch Coal occurs at a much lower annual rate than does recharge to 




shallow alluvium and clinker units.  Estimates of annual recharge to the coal range from 




0.01 inches to 0.1 inches (Cannon 1985).  Because the rates are so low, they are not 




expected to have a significant effect on model output.  Recharge to the Knobloch coal was 




assigned a value of 0.01 inches/year (2.283 x 10 
–5 




ft/day).    




 




3.7 EVAPOTRANSPIRATION 




The significance of evapotranspiration (ET) from the subirrigated alluvial system is 




emphasized by Cannon (1985); in which, annual net loss of water from the subirrigated 




alluvium was calculated to be 11.5 inches, based on average ET rates of alfalfa and grass 




hay (24.5 inches) minus mean annual precipitation (13.05 inches).  Actual losses due to 




evaporation will vary based on the amount of precipitation in a given water year; and 




actual loss calculations should be based on effective precipitation rather than mean annual 




precipitation.  Effective precipitation accounts for surface runoff, surface impoundment, 




direct surface evaporation, and other losses that limit the availability of precipitation to the 




root zone; thus, it is typically much lower than annual precipitation.  As effective 




precipitation decreases, losses due to ET increase.  In dry years, losses to ET may exceed 




11.5 inches.  Conversely, in years with greater than average snowfall, soil moisture may be 




abundant prior to the start of the growing season.  This initial soil moisture will lead to a 




reduction in net ET losses from the alluvial aquifer.  Values of ET were varied from 6.5 




inches/year (0.0015 ft/day) to 17.5 inches/year (0.004 ft/day) in the Otter Creek 




groundwater flow model.  Calibration to observed water levels was attained throughout 




this range; but no significant improvements were made by varying the ET rate from that 




used by Cannon (1985).  The annual rate of 11.5 inches (0.0026 ft/day) was assigned to 




the model.  The calibration process is further described in Section 4 to follow.       
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4.0 CALIBRATION 




 




The calibration process is an iterative progression that requires varying input parameters 




within a range of practical values until model output closely approximates gathered field 




observations and data.  Statistical measures of model fit are chosen prior to beginning the 




calibration process.  The Otter Creek groundwater flow model was calibrated to two 




separate steady-state conditions: 1.) Calibration to observed head; and 2.) Calibration to 




flux in alluvium and Knobloch Coal.  Successful development of a calibrated steady-state 




flow model was listed as Objective 2 of the modeling process.  Attainment of this 




objective is detailed herein.   




 




4.1 CALIBRATION TO OBSERVED HEAD  




Static water levels from 27 monitoring wells in the Otter Creek baseline study area were 




used to calibrate the model to steady-state potentiometric head.  Water levels measured in 




October 2011 at three clinker wells (C1, C3, and C4), 14 alluvial wells (A1, A3, A4, A5, 




A6, A7, AVF2-1, -2, AVF3-1,-3, -4, AVF4-1, AVF6-1, and –5), and 10 Knobloch coal 




wells (K1, K2, K4, K5, B3-K, B4-K, B5-K, B6-K, B7-KU, and B11-K) were used as 




calibration targets.  The goal of the model calibration is to minimize the difference 




between observed and calculated heads (i.e. residual head).  Hydraulic conductivity, river 




conductance, evapotranspiration rates, recharge rates, general head conductance, and 




general head external source elevations were varied until an acceptable level of model 




error was reached.   




 




The highest degree of calibration is known as Level 1 calibration.  A Level 1 calibration 




results when the simulated head at given well is within a predetermined target value of the 




observed head (Anderson and Woessner, 1991).  A Level 1 calibration target was 




established and used to measure calibration improvements in initial successive runs of the 




Otter Creek Flow model.  The predetermined level of error was defined as 2 feet of head 




for every 10,000 feet of model domain in the direction of flow.  The diagonal length of the 




model is approximately 52,000 feet; which results in a Level 1 residual target of 10.4 feet.  
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The residual target was used to evaluate initial model simulations.  Parameter values were 




varied for areas of the model with poor fit to observed heads until the target residual was 




approached for all areas of the model.  Once residual head approached or surpassed this 




level at all observation targets, a more robust suite of statistics were used to verify model 




calibration.  Additional model simulations were conducted until no significant reduction in 




model error, as determined by residual statistics, was attained.   




 




A comparison of the potentiometric surface generated by the calibrated model to the hand 




drawn representation of the potentiometric surface is presented in Figure 4-1.  A summary 




of model calibration results, including residual statistics used to quantify calibration of the 




Otter Creek flow model is as follows: 




 Computed vs. Observed Head – All computed values in the steady state 




calibrated flow model were within the established Level 1 target value of +/- 10.4 




feet.  Computed and observed values of potentiometric head within the model 




domain are presented in Table 4-1.  A plot of calibration targets within the model 




domain and a graphical presentation of computed versus observed head are 




included in Figure 4-2.  Error bars next to the targets (monitoring wells) indicate 




differences in calculated and observed head.        




 Maximum and Minimum Residual Head – The maximum residual head (9.97 




feet) in the calibrated model was simulated at well K5.  Positive residual head is 




indicative of an under-prediction of actual head.  Minimum residual head, 




calculated at well AVF2-1, was -6.96 feet.  Negative residuals are indicative of an 




over-prediction of head.  Positive residuals were calculated at 14 of the 27 




calibration targets; while, negative residuals were calculated at 13 of the targets.  




 Mean Residual Head – Mean residual head in the calibrated model was 0.4 feet.  




The mean of the residuals does not provide the best stand-alone quantification of 




model error because negative and positive residuals annul each other during 




averaging.  However, a strongly negative or positive value of mean residual head 




is indicative of a model’s tendency to universally over- or under-predict head.  




The mean residual head for the Otter Creek model is low (between -1 and 1) but 
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positive (greater than 0), which indicates a near equal distribution of positive and 




negative residuals and a slight tendency to under-predict known water levels.   




 Mean Absolute Residual Head -- The mean of the absolute values of the 




residuals is often used as the defining statistic of model calibration.  Because 




successive positive and negative values are cumulative rather than deducted, this 




statistic provides a metric of absolute error.  The mean absolute residual head for 




the calibrated Otter Creek flow model is 4.39 feet.  This value is less than half of 




the acceptable error for established Level 1 calibration requirements (10.4 feet).     




 Cumulative Sum of Squared Residuals – A plot of cumulative sum of squared 




residuals is included in Figure 4-1.  This plot indicates both the relative level of 




error associated with individual calibration targets and the cumulative model error.  




Had the absolute residual error been at the extreme upper bound of Level 1 




calibration (i.e. all residuals at +/-10.4 feet), the cumulative sum of squared 




residuals would be 2920.32.  The calculated cumulative sum of squared residuals 




of 751.43 is approximately 25 percent of the acceptable value, and well within 




normal acceptable limits for model calibration.     




 Residual Normality – Identifying trends in the residuals is important to locating 




areas within the model in need of additional parameterization that may improve 




calibration.  Trends can be identified by plotting computed versus observed head 




relative to a line of 1:1 slope (Figure 4-1).  If the slope of the observations were to 




stray from the line, a trend would be evident.  No trend is evident in our calibrated 




model.  A plot of residual versus observed heads is also included in Figure 4-1. 




This plot indicates normally distributed residuals for calibration targets with 




observed head less than 3050 feet and greater than 3100 feet.  Targets with 




observed head in the interval from 3050 feet to 3100 feet appear to be skewed 




toward over-prediction.  The slight trend in this range of heads is negligible, given 




the minimal model-wide residuals and attainment of Level 1 calibration. 




 Standard Deviation – The residual standard deviation of the calibrated model is 




5.36.  A common measure of calibration is to achieve a value of residual standard 
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deviation that is less than ten percent of the range in observed head (i.e. standard 




deviation/range in observed head = 0.1).  For the Otter Creek model, the standard 




deviation divided by the range in observed head is equal to approximately three 




percent (0.03).      




 




4.2 CALIBRATION TO FLUX IN ALLUVIUM AND KNOBLOCH COAL  




Model calibrations to flux and potentiometric surfaces are typically not as significant as 




calibration to head.  Flux calculations and potentiometric surface interpolation are based 




on approximations of flow area geometry, are subjective to hydrologic interpretation, and 




have a higher degree of uncertainty stemming from lower precision of measurement.  




Measurements of head can realistically be made to the nearest 0.01 foot; while, flux 




calculations may only be accurate to within 20 percent of actual values.  That said, model 




calibration to flux calculated by Darcy’s Law was used as a secondary objective of model 




calibration.   




 




Simulated potentiometric contours closely approximate the potentiometric surface created 




by interpolating known water levels; and groundwater flow flux calculated through the 




Knobloch Coal and Otter Creek alluvium are consistent with steady state model results 




(Figure 4-1).  Specifically, groundwater flux through Knobloch Coal in Tracts 1 and 2 and 




flux through the alluvium at AVF2 were used as the basis of comparison.  Darcian flow 




through the Tract 1 section of Knobloch Coal was estimated to be 22.3 gpm.  Simulated 




steady state flow through this section was 23.4 gpm, which results in approximately 4.6 




percent difference.  Flow through the Tract 2 coal calculated by Darcy’s law and 




simulated by the model was 130 gpm and 117 gpm, respectively.  The difference in flux 




approximations was 10.4 percent.  Flux in the alluvium at AVF2 was simulated in the 




model to be 118.7 gpm.  Darcy’s law calculations for this alluvial cross section, assuming 




a width of 3400 feet, resulted in a flow of 119.4 gpm.  Less than one percent difference 




separates these estimates.     
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5.0 PREDICTIVE SIMULATIONS 




 




Transient predictive simulations were performed using the same parameter values as the 




steady state model calibration; however, mining activities related to the hydrologic cycle 




were included as model inputs.  The intent of the transient model routine was to: 




 Estimate volumetric dewatering and/or re-injection rates;  




 Predict spatiotemporal drawdown response to dewatering that included not only 




the mine area but also the off-site radius of influence;    




 Simulate effects of mine dewatering/injection on groundwater/surface water 




interaction in Otter Creek;    




 Project long term water level recovery rates; and    




 Evaluate flow pathways of injected water that could be coupled with water quality 




data to predict long-term water quality impacts associated with mining.   




 




5.1 MINE DEWATERING SIMULATION 




Mine dewatering was simulated by applying drain properties to polygons, designated as 




mine cuts, within the model domain.  The simulation of dewatering by drains produces a 




much more rapid response than will actual dewatering by pumping wells; but the 




simulation by drains is less laborious and is expected to produce a comparable dewatering 




budget.      




 




Drains are simulated in MODFLOW by applying a drain conductance and elevation.  The 




drain conductance controls the rate at which water issues to the drain.  This parameter 




was set so that the synthetic drains would not limit dewatering rates.  Drain elevations 




were based on structure contours, which were generated from coal bottom elevations 




determined during monitoring well and exploration drilling.  As such, drain elevations 




were variable throughout the mine area.  Drain elevations were established set so that the 




coal would be dewatered to near its bottom depth but not completely dry.  The coal was 




not allowed to dewater completely in the model because re-wetting of dry cells often 




causes numerical instability.          
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Simulated mine dewatering progressed in a sequence consistent with the proposed Otter 




Creek Mine plan and included 18 years of dewatering followed by a 100-year recovery 




period.  The water management strategy of the Otter Creek Mine includes using water 




removed during coal dewatering to supplement water-demand of the mining process.  




Alternatively, when demand for water is low, or when dewatering rates exceed the mine’s 




demand, water derived from the coal will be injected into the clinker formation northwest 




of the mine area.  




 




Initial dewatering rates were estimated by executing a complete model run that included 




drains but not re-injection.  In subsequent model runs, the entire dewatering budget was 




distributed equally into five injection wells in the clinker.  The layout of the modeled mine 




dewatering and injection process is included in Figure 5-1.   




 




A hydrograph of simulated dewatering rates for the life-of-mine is included in Figure 5-2.  




Model output suggests that dewatering rates  will be highest for the initial box cut, which 




is nearest Otter Creek Alluvium and the clinker groundwater reservoir.  Elevated 




dewatering rates are also predicted at locations within the mine area where the coal base 




elevation is the lowest.  The peak estimated pumping rate for box cut dewatering was 




simulated at approximately 2,400 gpm; this rate is inflated by the efficiency of the drains 




but provides a conservative estimate of peak flow rates.  In general, flow rates extracted 




from the model are higher than that which could reasonably be expected during actual 




dewatering because simulated mine cuts are of greater size than those that will be used 




during mining.  Box cuts are expected to be 4,000 feet long by 400 feet wide 




(approximately 36.7 acres); while, drag line cuts are planned to be 4,000 feet long by 200 




feet wide (approximately 18.4 acres).  Dewatering rates estimated for polygons within the 




modeled mine area were normalized to expected mine cut sizes by multiplying raw 




dewatering budgets by a ratio of expected to actual  mine cut acreages.  The normalized 




values are presented in Figure 5-2.   
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In general, predicted dewatering rates decreased with distance from Otter Creek.  The 




decreasing trend in simulated dewatering rates was further elucidated by creating a 300-




day moving average in Figure 5-2.  The moving average suggests that predicted initial 




dewatering rates averaged between 500 and 1,000 gpm; but average dewatering rates 




declined to below 200 gpm near the end of virtual mining.  The arithmetic mean of all 




predicted dewatering rates was 357 gpm.  As noted, the exception to the trend in declining 




dewatering rates was coincident with an area of the Knobloch coal with a low base 




elevation that took place in year seven (day 2,790) of the simulation.   




 




5.2 DRAWDOWN PREDICTIONS AND RECOVERY RATE ESTIMATES 




Potentiometric surfaces and drawdown maps generated with the model are included for 




simulated mining years 1, 3, 5, 10, and 15 in Figures 5-3 through 5-7.  Post mine 




potentiometric surfaces and drawdown maps are presented in Figures 5-8, 5-9, and 5-10 




for year 18 (end of mining), year 28 (10 years post-mine), and year 118 (100 years post-




mine), respectively.  These maps are presented to provide an initial evaluation of predicted 




site-wide changes in groundwater flow related to mine dewatering.  Hydrographs for 




individual monitoring wells and/or other locations of interest are included in Plate 1.  The 




hydrographs elucidate predicted temporal groundwater changes at specific points in the 




Otter Creek Mine area.     




 




5.2.1 Model Potentiometric Surfaces and Drawdown Maps 




Year One – Particles were inserted at the simulated injection wells at the start of the 




model run at the locations shown on Figure 5-1.  Particle tracking provides a visual 




representation of groundwater flow paths from a source or area of interest.  Arrows on 




the particle flow path are spaced to represent annual travel distance.  Figure 5-3 indicates 




that water injected during the first year of the model simulation remained in the clinker.  




Modeled drawdown contours indicate that head was reduced to the base of the coal in the 




initial box cut area and that drawdown outside of the active mining area was greatest to 




the east.  Drawdown to the north, south, and west is buffered in the early simulation by 




clinker and the Otter Creek Alluvium.   
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Year Three – Following the initial box cut, mining and dewatering will progress the 




south.  Decreased head (i.e. increased drawdown) from dewatering to the south is 




depicted in Figure 5-4.  Particles along the simulated injection flow path have reached 




Threemile Creek alluvium but have yet to reach Otter Creek alluvium at the end of year 




three of the simulation.    




 




Year Five – Simulated mining/mine dewatering proceeded to the north/northeast in year 




five of the model run; and it is evident that groundwater on the injection flow path reached 




both Otter Creek and Threemile Creek alluvium (Figure 5-5).  Particles in the alluvium of 




Otter Creek do not necessarily imply interaction with Otter Creek surface water.  




Groundwater reaching the alluvium may continue to flow parallel to the creek, may be lost 




to evapotranspiration, or may flow to Otter Creek.  Modeled groundwater interaction with 




Otter Creek surface water is discussed in section 5.3.  Increased flow to the clinker and 




alluvium to the north/northwest continued to limit drawdown north of simulated 




dewatering; however, the extent of drawdown extended to the east and south during year 




five of the model run.      




 




Year 10 and Year 15 – Simulated mine dewatering during these time periods 




encountered coal with a  low base elevation (approximately 2,900 to 2,920 feet) that 




resulted in some of the greatest decreases in head necessary for pit dewatering (Figures  




5-6 and 5-7).  Drawdown in excess of 100 feet occurred within the mine area and 




drawdown as high as 40 to 60 feet was simulated outside of the Otter Creek Mine area at 




the east model boundary.     




 




Particles tracks do not change appreciably from year 10 to year 15; but more interaction 




between clinker and alluvium is suggested by the particle flow paths.  At the end of year 




15, some particles have reached the northern model boundary in either the clinker or 




alluvium.       
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Year 18 (End of mining) – Head and potentiometric contours presented in Figure 5-8 are 




representative of model output approximately one year after dewatering was stopped.  




Residual drawdown in the Otter Creek Mine area and off site was predicted for this time 




step, which indicated minimal estimated water level recovery at the east model boundary.  




Drawdown north and south of the Otter Creek Mine area was also evident in the model at 




the conclusion of simulated dewatering; however, drawdown was mitigated by the 




hydrologic connection to Threemile and Tenmile creeks.  As was calculated for previous 




time steps, no drawdown was observed in the alluvium and clinker northwest of the 




modeled mine area.           




 




Year 28 (10 years after end of mining) – Based on the simulated potentiometric 




contours, the direction of groundwater flow was re-established ten years after the end of 




mine dewatering (Figure 5-9).  However, some residual drawdown was still present in the 




localized area near the last simulated mine cut.   




 




Year 118 (100 years after end of mining) – The transient dewatering simulation predicts 




that site-wide water levels will be nearly fully recovered 100 years post-mine.  Drawdown 




and potentiometric contours at the end of the transient simulation are presented in Figure 




5-10.  Note that the hydraulic conductivity of the Otter Creek Mine area remained 




constant in the model during and after simulated dewatering.  In reality, spoils that replace 




the coal would have different hydrogeologic characteristics than the undisturbed aquifer.  




Spoils hydraulic conductivity values for three mine areas in southeast Montana range from 




less than 0.1 ft/day to greater than 65 ft/day; but spoils in the Colstrip area exhibited 




similar hydraulic conductivity to the coal they replaced (Van Voast, 1978).  It is also 




noted that the hydraulic conductivity of spoils may be greatest at the floor where rubble 




and cast debris are present and decrease toward the ground surface where more fines are 




deposited.             
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5.2.2 Simulated Hydrographs and Distance Drawdown Projection    




Hydrographs created from model output are presented in Plate 1.  The simulated 




hydrographs include transient head and drawdown predictions for observation wells in the 




Knobloch Coal and alluvium outside of the Otter Creek Mine area.   




 




Knobloch Coal – Simulated hydrographs were constructed for four established Knobloch 




Coal observation wells (K4, B3-K, B4-K, and B7-K) outside of the mine area and for 




three hypothetical observation points within the Custer National Forest (labeled North-K, 




Center-K, and South-K).  As was seen in the potentiometric surface and drawdown 




contour maps generated by the model, responses to simulated mine dewatering were 




spatially variable.  To account for spatial variability, distance-drawdown plots were 




constructed for the coal to the north south and east of the Otter Creek Mine area.     




 




Observation points B3-K and B4-K are located north of the mine area.  Maximum 




drawdown attributable to the dewatering simulation was approximately 0.3 feet and eight 




feet at B3-K and B4-K, respectively.  Maximum drawdown at B3-K occurred at the end 




of the dewatering simulation when injection had stopped.  During most of the injection 




simulation, computed water levels actually increased at B3-K.  Maximum drawdown at 




B4-K reached approximately eight feet.  A plot of drawdown versus distance was created 




with model output to project water level drawdown north of the Otter Creek Mine area 




(Plate 1).  Maximum drawdown observed in model cells was used to create the plot; thus, 




not all simulated drawdown observations occurred in the same time step.  The plot was 




constructed in this manner to provide a conservative estimate of drawdown.  Based on the 




plot, projected drawdown from simulated mine dewatering reaches zero at 10 miles from 




the mine area.  Drawdown to the north is buffered by alluvium and clinker in contact with 




the coal in both Threemile Creek and Home Creek.  Attenuated drawdown was predicted 




north of Threemile Creek in the model.  Home creek is outside of the model domain; thus, 




the projected drawdown plot does not include further reductions in drawdown that would 




result from Home Creek. 
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Drawdown at observation well B7-K reached a maximum of 27.8 feet during the 




dewatering simulation.  Drawdown decreased further south of the modeled mine area; and 




was likely attenuated by the Tenmile Creek hydrologic boundary.  A distance-drawdown 




plot, created from model output, is included in Plate 1 for the Knobloch Coal south of the 




mine area.  Less than five feet of drawdown is predicted at distances two miles south of 




the mine area.     




 




Drawdown predicted by the transient model was the greatest for the Knobloch coal east of 




the Otter Creek Mine area; hydrographs for three hypothetical monitoring points east of 




the mine area are included Plate 1.  The magnitude of drawdown from dewatering will be 




greatest in the east because there are no immediate hydrologic boundaries present.  Model 




output is projected in a distance-drawdown plot in Plate 1.  Based on distance-drawdown 




projections from the model, five feet of drawdown may occur up to 30 miles in an easterly 




direction from the mine.  Modeled drawdown was greatest within one mile of the 




dewatering simulation; and projected drawdown resulted in water levels below the top of 




the coal (i.e. unconfined conditions) at the Custer National Forest Boundary.  Unconfined 




conditions were predicted in the last year of the mine dewatering simulation for a limited 




area of forest near the final mine cut and lasted for approximately four years after 




dewatering stopped.  Note from the hydrographs (Plate 1) that modeled water levels 




recovered nearly completely within 15 years of the dewatering simulation.         




 




Alluvium – Hydrographs for representative alluvial observation wells (A1, A3, A6, A7, 




AVF2-1, and AVF6-3), generated by the transient model, are included in Plate 1.  In 




general, water levels declined during dewatering at observation wells upgradient of the 




simulated Otter Creek Mine area; but water levels increased at observation wells adjacent 




to or downgradient of the mine area.  Water levels at A6 declined in response to the initial 




box cut dewatering but later rose to greater than the starting head in response to 




downgradient injection.  Water levels rose by a maximum of approximately two feet at the 




furthest downgradient well (AVF2-1) and declined by approximately 1.25 feet at the 




furthest upgradient well (A3), which suggests very localized changes in alluvial water 
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levels.  Water levels in all alluvial wells recovered rapidly when dewatering/injection was 




stopped.       




 




5.3 STREAM FLOW INTERACTION 




As indicated by particle tracking analysis included in Figures 5-3 through 5-7, some 




groundwater flow from the simulated injection wells reaches Otter Creek.  Discharge in 




Otter Creek is not calculated by the model directly; but groundwater flow in and out of the 




creek is simulated.  Otter Creek gains and/or losses, calculated with the flow model, are 




presented in Figure 5-11.  Budgets for three separate reaches are included: 1.) from 




Tenmile Creek to A6, 2.) from A6 to A1, and 3.) from A1 to AVF2-1.  Base flow for 




reaches 1 and 3, as calculated in the steady state flow model, resulted in gaining stream 




conditions; while, reach 2 was found to be losing, or near neutral.  Estimated base flux to 




Otter Creek for reaches one through three were 185 gpm, -11 gpm, and 88 gpm, 




respectively.  It should be noted again that the model only approximates base flow 




conditions from groundwater.  Creek gains and/or losses will vary with additional input 




from surface water runoff.  Estimated changes in the quantity of water received by/lost by 




Otter Creek during the transient simulation can be seen in Figure 5-11.   




 




Gaining conditions were maintained throughout the transient simulation for both reaches 




one and three.  The amount of groundwater discharge to Otter Creek in the upgradient 




reach (from Tenmile Creek to A6) declined temporarily to a minimum of approximately 60 




gpm during the dewatering simulation; but the budget was restored once the mining 




simulation was completed.  Modeled groundwater injection created an increase in flow to 




Otter Creek in the reach from A1to AVF2-1.  The maximum rate of groundwater flow to 




Otter Creek reached approximately 140 gpm.   




 




The reach from A6 to A1 was calculated as a losing reach (-11 gpm) in the steady-state 




flow model.  Groundwater injection simulated in the transient dewatering model resulted 




in a temporary shift to gaining conditions.  In general, groundwater/surface water 




interaction in this reach is minimal.       















Exhibit 314C_Otter Creek Mine_Appendix A_Groundwater Model Report 7/25/2012\\12:25 PM 




5-9 




 




5.4 GROUNDWATER QUALITY CONSIDERATIONS   




In addition to flux into and out of Otter Creek, groundwater flow budgets were extracted 




from the transient model for the simulated clinker zone that receives injection water, 




Threemile Creek alluvium, and downgradient Otter Creek Alluvium.  Flow budgets for 




these zones were coupled with baseline water quality data and/or saturated paste extract 




data to perform a groundwater mixing analysis and to predict potential water quality 




changes attributable to Otter Creek Mine operation.  Specifically, projections were made 




for near-term dewatering and injection simulations and for potential long-term water 




quality changes attributable to mine spoils.  Specific electrical conductance (SC) and 




sodium adsorption ratio (SAR) were used as sentinel water quality parameters in this 




evaluation.  Chemical constituents used to calculate SAR are calcium (Ca), magnesium 




(Mg), and sodium (Na).  Each of these three parameters were modeled individually; and 




results were used to calculate final SAR values.  Baseline water quality data are presented 




in Appendices D and E of Baseline Report 304E – Baseline Water Resources Data 




Report.      




 




5.4.1 Dewatering and Injection of Unaltered Groundwater 




Four stepwise calculations were performed to project SC and SAR levels in the clinker 




hydrogeologic unit, Threemile Creek alluvium, Otter Creek Alluvium, and ultimately in 




Otter Creek surface water in response to injection of unaltered Knobloch Coal 




groundwater.  Assumptions and results of each of the four calculations are as follows.   




 




5.4.1.1 Step One -- Injection of Unaltered Knobloch Coal Groundwater to Clinker 




Formation 




As noted above, simulated mine dewatering resulted in an average of 357 gpm (68,728 




cfd) of unaltered Knobloch Coal groundwater that was injected into the clinker formation 




adjacent to Otter Creek.  Resultant SC and SAR in the clinker was estimated by 




performing a simple conservative loading calculation (Table 5-1).  Results indicate that a 




minor increase in SAR may occur as a result of injection into the clinker.  The average 
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SAR of groundwater at wells C3 and C4 was 6.83; the projected SAR of mixed clinker 




and unaltered Knobloch coal groundwater is 7.29.  Although the SAR of Knobloch Coal 




groundwater is much greater than the clinker receiving water, individual concentrations of 




Na, Ca, and Mg are greater in the clinker than the coal.  Similarly, SC is lower in the coal 




groundwater than in the receiving clinker formation.  A decrease in SC from 3,651 to 




3,062 mhos/cm was projected for the step one calculation.       




 




5.4.1.2 Step Two -- Clinker Formation to Threemile Creek Alluvium 




A large fraction of flow through the clinker formation flows northward to the Threemile 




Creek alluvium.  SC, Na, Ca, and Mg loads to the Threemile Creek alluvium were 




calculated using flow budgets from the model and concentrations calculated in step one 




for the mixed Knobloch coal/clinker groundwater (Table 5-1).  Results indicate a minor 




increase in both SC and SAR from the average values measured in Threemile Creek 




alluvium during baseline monitoring; but this model suggests that groundwater quality in 




Threemile Creek alluvium will be largely unchanged.  Calculated values of SC and SAR 




were 3,033 mhos/cm and 7.19, while baseline averages were 2,788 mhos/cm and 6.36, 




respectively.        




 




5.4.1.3 Step Three – Clinker Formation and Threemile Creek Alluvium to Otter 




Creek Alluvium 




Increased loads to the Otter Creek Alluvium downgradient of the Otter Creek Mine area 




were considered from both the clinker hydrogeologic unit and from Threemile Creek 




alluvium.  Based on loading calculations performed in Table 5-1, groundwater quality in 




Otter Creek Alluvium after mine dewatering/re-injection will be similar in character to 




groundwater quality encountered during baseline hydrologic monitoring.  Average 




baseline SC and projected SC of the Otter Creek Alluvium are 3,604 and 3,421 




mhos/cm, respectively.  The projected SAR in downgradient alluvium was 6.73, which 




compared favorably to the average baseline SAR of 6.8.     
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5.4.1.4 Step Four – Otter Creek Alluvium Baseflow Contribution to Surface Water  




There are noted similarities in background water quality between Otter Creek Alluvium 




and surface water.  Average baseline SC for Groundwater in the Otter Creek Alluvium 




downgradient of the Otter Creek Mine is 3,604 mhos/cm; while the average baseline SC 




at three sites on Otter Creek (SW-22, SW-16, and SW-2) was 3,549 mhos/cm.  




Calculations included in Table 5-1 indicate that increases in flow from the alluvium to 




Otter Creek caused by dewatering will not appreciably change Otter Creek water quality.   




 




The calculations included in the table are based on a surface flow of 0.64 cfs (55,296 cfd).  




This flow is representative of the seven day low flow expected to occur every two years 




(i.e. 7Q2) during the month of October.  Note that the 7Q10 for October (and the annual 




7Q10) is 0 cfs.  Estimates of the 7Q2 and 7Q10 were made from the record of stream 




flows at USGS gauging station (06307740).  Upstream flow conditions are highly 




variable; so it is difficult to predict a unique surface water quality outcome.  Also, since 




most surface flow is attributable to groundwater at base flow conditions, it is difficult not 




to double account for the groundwater load.  If no surface flows are present upstream of 




the injection area during dewatering, it is projected that Otter Creek surface water will 




have the same water quality signature as that calculated for Otter Creek alluvium in Step 




3, above.     




 




5.4.2 Spoils Effect on Long-Term Water Quality  




Groundwater quality in mine spoils is the most complex aspect of post-mining hydrology 




(Van Voast et al., 1988).  Regionally, post-mining groundwater quality ranges from 




neutral to alkaline.  Groundwater in spoils typically contains higher concentrations of 




dissolved solids than undisturbed aquifers; but the degree of groundwater quality changes 




vary widely across mined areas and fluctuate greatly with time.  Random temporal 




fluctuations in water quality do occur, likely as a result of heterogeneous salt distribution 




in previously un-leached soils.  More commonly, trends of decreasing dissolved solids 




concentrations in post-mine spoils and off-site groundwater are indicative of minimal long-




term impacts (Van Voast et al., 1988).   
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Initial dissolution and subsequent declining concentrations of salts in mine spoils can be 




approximated by laboratory columns tests.  Such column tests are currently being 




conducted with overburden samples from the Otter Creek Mine area.  Results of column 




tests can be very untimely, depending on permeability of the overburden substrates.  Once 




completed, column test results will be submitted in an addendum to Exhibit 314C.  




Concentrations of major dissolved ions present in solution from the first pore volume of 




water through a bench-scale column are analogous to the first pore volume of recharge 




through in-situ mine spoils.  Solutions from the first pore volume contain the highest 




concentrations of dissolved constituents.  Concentrations of major ions in saturated paste 




extracts are found to compare favorably to those occurring in the first pore volume of 




column leachate (Van Voast et al., 1978).    




 




Results of saturated paste extract analyses were coupled with flow budgets from the Otter 




Creek groundwater flow model to predict long-term water quality impacts of the Otter 




Creek Mine spoils (see Table 5-2).  Weighted averages of SC in saturated paste of Otter 




Creek overburden boreholes ranged from 1,133 mhos/cm to 7,620 mhos/cm.  The 




weighted averages of SAR ranged from 6.9 to 31.5.  The method of predicting spoils 




water quality with saturated paste extract data submitted by Van Voast et al. (1978) 




includes a comparison of the 95 percent confidence interval of the lognormal mean for Ca, 




Mg, and Na in saturated pastes to concentrations of those parameters in monitoring wells 




completed in mine spoils (data from Colstrip and Decker mines).  The result is an 




empirically determined nomograph that can be used to estimate the upper and lower 




bounds of predicted spoils concentrations of Ca, Mg, and Na.  Rather than rely on the 




empirical method, and in the interest of making a conservative projection of long-term 




water quality, values of SC and SAR at the 75
th
 percentile of Otter Creek overburden 




saturated pastes were used to estimate spoils groundwater quality.  Mean and 75
th
 




percentile SC were 3,820 and 4,400 mhos/cm, respectively.  Mean SAR was 19, while 




the 75
th
 percentile value was 22.5.  Individual weighted averages of Ca, Mg, and Na for 




the 75
th
 percentile SAR were approximately 50, 30, and 610 mg/L, respectively.  Values 
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representative of the 75
th
 percentile and flow budgets extracted from the model were used 




to perform loading calculations and predict changes in water quality outside of the mine 




area for clinker, alluvium, and surface water.     




 




The assumptions used in the calculations are as follows. 




 Groundwater flux through the coal buffer left in place along the perimeter of the 




mine area is highly temporally variable in the transient flow model.  The natural 




direction of flow is from the mine area to the coal buffer; however, the flow 




direction is reversed as dewatering commences.  Simulated flow budgets between 




the coal buffer and mine area are included in Figure 5-12.  From the hydrograph, it 




can be seen that although net flow is to the mine area during dewatering, at least 




some flow proceeds to the buffer in all time steps of the simulation.  Flow from the 




mine area to the buffer is spatially dependent.  For example dewatering at the north 




end of the mine may not have as great an influence on flow at the south end of the 




mine and vice-versa.  Based on the transient dewatering simulation, the entire 




western edge of the mine area will be replaced with spoils at approximately day 




2100 (nearly six years into the life of the mine); but a net positive flow budget 




from the mine area to the coal buffer will not be restored until day 7400 (nearly 3.5 




years post-mine).  The flow budget from the mine area to the buffer reaches a 




quasi-steady-state flow of about 140 gpm at approximately 24 years after the end 




of mining.  Equilibrium flow from the spoils to Otter Creek Alluvium is 




approximately 43 gpm and flow from spoils to clinker is approximately 97 gpm.          




 Spoil groundwater quality projections are based on saturated paste extract.  




Projected spoil water quality is assumed to be directly delivered to either Otter 




Creek Alluvium or the adjacent clinker body.  Flow from the spoils is treated as a 




slug that displaces, rather than mixes with, water that is in the coal buffer when the 




pre-mining flow direction is restored.  This assumption allows for a more 




conservative estimate of spoils groundwater quality and precludes double 




accounting for the coal buffer water budget.        
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 SC and SAR used in the calculations are not correlative to a single sample.  In fact, 




overburden samples with high SC often had lower SAR.  Decreased levels of Ca 




and Mg that resulted in high SAR also attributed to lower conductivity.  These 




calculations are meant to be a conservative estimate of post-mine SAR and SC.      




 Only baseflow conditions are included in the model.  Additional input from 




excessive recharge (i.e. years of heavy snow accumulation or spring runoff) would 




likely dilute these effects.     




 




Similar to the near-term dewatering water quality predictions, long-term downgradient 




effects of spoils leachate was calculated in four steps.    




 




5.4.2.1 Step One – Flow from Mine Spoils to Alluvium and Clinker 




There are two distinct flow paths considered in step one of the long-term water quality 




prediction: a.) flow from the mine spoils directly to alluvium in contact with the coal 




buffer strip; and b.) flow from the mine spoils through clinker in contact with the coal 




buffer.  Groundwater along both flow paths was assigned values of initial spoil water 




quality and was assumed constant through the buffer.  Minor increases in SAR and SC are 




predicted in the Otter Creek alluvium adjacent to the south end of the mine area and the 




clinker adjacent to the north end of the mine area (Table 5-2).  Concentrations of Mg and 




Ca decreased in both the alluvium and clinker as a result mixing with groundwater from 




the spoils; conversely, calculated concentrations of Na increased slightly in both units.       




 




5.4.2.2 Step Two – Flow from Clinker to Threemile Creek 




This step is identical to Step Two of the near-term dewatering water quality projection; 




but post-mining flow budgets were used instead of increased groundwater flow from 




injection.  Results of the calculation indicate very little change in the groundwater quality 




of Threemile Creek alluvium from that predicted as a result of the dewatering simulation.  




Average SC in Threemile Creek is projected to increase from 3,033 mhos/cm at the end 




of dewatering to 3,174 mhos/cm once flow through mine spoils is established.  Similarly, 




SAR is projected to rise from 7.19 to 7.68 (Table 5-2).  Again, the change in SAR is 
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attributable to decreases in predicted levels of Ca and Mg and corresponding increases in 




Na.        




 




5.4.2.3 Step Three – Flow from Clinker and Threemile Creek to Otter Creek 




Alluvium 




Flow from both the Threemile Creek alluvium and the clinker deposit at the north end of 




the Otter Creek Mine area were mixed with groundwater in the Otter Creek alluvium in 




Step Three of the long-term water quality projection.  Results of this calculation are 




representative of groundwater quality in Otter Creek Alluvium downgradient of the mine.  




Water quality in Otter Creek Alluvium upgradient of the clinker was calculated in Step 




One.  Results of Step Three suggest a decrease in projected SC from 3,714 mhos to 




3,450 mhos/cm downgradient of the mine.  The decrease in SC corresponds with a 




decrease in concentrations of all three major cations; however, the ratios of the cations 




still produced a slight increase in SAR.  The projected SAR in Otter Creek alluvium 




downgradient of the mine area is 7.26.    




 




5.4.2.4 Step Four – Flow from Otter Creek Alluvium to Otter Creek 




The transient model predicts baseflow from Otter Creek Alluvium to Otter Creek of 




approximately 91 gpm (17,466 cfd) once pre-mining groundwater flow patterns are re-




established.  This baseflow contribution was mixed with the 7Q2 Otter Creek surface flow 




to estimate possible low flow impacts to Otter Creek from salts leached from mine spoils.  




At the 7Q2 flow, changes to Otter Creek water quality will likely be imperceptible.  




However, as noted above, the quality of surface water in Otter Creek will more closely 




resemble projected alluvial water quality as contributions from external surface water 




sources decline.       




 















Exhibit 314C_Otter Creek Mine_Appendix A_Groundwater Model Report 7/25/2012\\12:25 PM 




6-1 




6.0 CONCLUSION 




 




The conclusion of this report includes a summary of results and a discussion of potential 




limitations of the Otter Creek Mine groundwater flow model.     




 




6.1 SUMMARY OF RESULTS 




Results of this modeling effort are as follows: 




 A conceptual model of groundwater flow conditions in the Otter Creek Mine area 




was developed using baseline hydrogeologic data and observations.  A working 




construct of groundwater flow through Knobloch coal, clinker, and alluvium was 




outlined; and key components of the hydrologic system that may potentially be 




affected by mine dewatering were identified in the conceptual model.   




 A steady-state model was constructed and calibrated using values of hydraulic 




parameters (e.g. hydraulic conductivity values, aquifer geometry, and water levels) 




consistent with those measured during baseline site investigation.  A level one 




calibration to potentiometric head was attained.   




 A transient model was developed using the same assumptions included in the 




steady-state model and values of storage coefficients consistent with those 




measured during baseline site investigation.   




 Mine dewatering and re-injection of unaltered groundwater was simulated in the 




transient model. 




 Pit dewatering rates predicted by the model are expected to be a conservative 




estimate of actual groundwater extraction rates.   




 Transient model results indicate that mine dewatering will have the greatest effect 




on off-site water levels in the Knobloch Coal in the immediate vicinity of the mine.  




Drawdown in excess of 50 feet, resulting in temporary unconfined conditions in a 




limited area within one mile east of the Otter Creek Mine, was predicted.            
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 The model predicted some temporal increases in alluvial water levels (i.e. 




mounding) downgradient of simulated injection points; similarly, the model 




predicted minor temporal decreases in alluvial water levels upgradient of simulated 




mine dewatering.  The hydrologic response to simulated dewatering became less 




pronounced with distance from the Otter Creek Mine area.  Based on simulated 




conditions at wells AVF2-1 and A3, changes in alluvial water level are predicted to 




be negligible approximately one mile from the mine permit boundary in either the 




upgradient or downgradient direction.       




 Mine dewatering and subsequent injection of unaltered groundwater mimics but 




accelerates the natural groundwater flow path.  Flow budgets extracted from the 




transient model were coupled with baseline water quality data to project water 




quality impacts from dewatering.  Results of the projection suggest that water 




quality changes in each of the simulated hydrogeologic units, including clinker, 




alluvium, and Otter Creek surface water, will be negligible.          




 Potential effects of mine spoil water quality on downgradient groundwater quality 




was evaluated by pairing saturated paste extract results with post-mine flow 




budgets extracted from the groundwater model.  Projections of downgradient 




water quality indicate a near immeasurable change in SC and minor increases in 




SAR.  Minimal projected changes in long-term water quality are attributable to the 




relatively small contribution of the Otter Creek Mine area to the larger 




groundwater flow system.    




 




6.2 POTENTIAL MODEL LIMITATIONS  




Models are simulative tools that are constructed on simplifying assumptions of complex 




natural systems; as such, uncertainty and limitations are inherent in any modeling effort.  




Noted below are specific assumptions and/or sources of uncertainty that may limit the 




applicability of the Otter Creek Mine groundwater flow model.    




 The model is parameterized by and calibrated to hydrologic field data collected 




during the baseline study from 2010 to 2012.  It is assumed that data collected 
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during this period are not temporally divergent from long-term hydrologic 




conditions at Otter Creek.       




 The spatial coverage and values of hydrologic input available for use in the model 




were variable.  To the extent practical, heterogeneity of aquifer properties was 




included in the model.  Areas with lower data density were parameterized by the 




nearest known aquifer properties.    




 The hydrogeologic system outside of the model domain is not characterized; thus 




distant drawdown projections do not account for hydrologic interference that may 




be encountered at faults, groundwater divides, or sources of recharge outside of 




the Otter Creek Mine area.     




 Mine dewatering was simulated by the drain package using a constant drain 




conductance for each of the dewatering stress periods.  Dewatering by drains is a 




conservative representation of dewatering that will likely occur from pumping 




wells.   




 Values of storage coefficients used in the model were determined by aquifer 




pumping tests; however, the model is constructed in the absence of any stresses 




that would validate dewatering simulation.  As noted, drains were used to provide 




a conservative prediction of dewatering rates.  The model provides the best 




predictive tool of mine dewatering simulation but should be further validated once 




mine dewatering commences.    
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Figure 5-2.  Simulated Dewatering Budget Hydrograph 
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Figure 5-11.  Simulated Flux (gpm) Into/Out of Otter Creek by Reach  
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Figure 5-12.  Coal Buffer Groundwater Flow Budget 
Mine Area to Buffer Buffer to Clinker Buffer to Alluvium Buffer to Mine
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TABLE 4-1
OTTER CREEK MINE - EXHIBIT 314C APPENDIX A





STEADY STATE CALIBRATION RESULTS 
Observed 





Head
Simulated 





Head Residual
Northing Easting feet feet feet





AVF2-1 485147.38 2814078.72 2999.71 3006.67 -6.96
AVF2-6 485180.63 2815413.49 3004.84 3009.34 -4.50
C1 485805.50 2820986.59 3025.46 3021.77 3.70
B3 - K 484882.23 2821620.67 3028.7 3027.39 1.31
AVF6-5 477463.64 2822619.16 3025.83 3028.32 -2.49
AVF6-1 477256.84 2822637.93 3026 3029.15 -3.14
A5 477695.18 2836255.50 3131.56 3138.29 -6.73
B4 - K 488338.13 2828613.28 3092.18 3085.59 6.59
A1 475750.51 2820589.42 3025.96 3029.49 -3.53
C3 474644.74 2823620.11 3025.88 3030.15 -4.27
B5 - K 474964.49 2826831.71 3042.36 3033.56 8.80
B6 - K 474230.48 2834696.30 3108.046 3107.93 0.12
K5 469707.66 2825301.24 3042.839 3032.87 9.97
C4 469778.33 2824994.50 3037.862 3032.02 5.84
AVF3-3 469949.41 2823931.81 3041.65 3032.18 9.47
AVF3-1 470051.63 2823451.75 3042.72 3033.21 9.51
AVF3-4 470334.06 2822621.16 3038 3034.61 3.39
A6 467961.91 2823051.32 3045.56 3043.83 1.73
K1 467480.10 2825490.64 3045.398 3044.76 0.64
B11 - K 467914.49 2829529.76 3059.5 3064.97 -5.47
AVF4-1 461327.91 2825333.13 3065.396 3072.04 -6.65
K2 460975.69 2828132.50 3077.12 3077.81 -0.69
K4 459331.02 2827583.15 3076.69 3079.82 -3.13
B7 - KU 456295.87 2835498.12 3143.64 3144.12 -0.48
A4 451653.18 2836778.79 3166.9 3164.58 2.33
A3 449796.22 2828377.84 3100.34 3099.11 1.23
A7 459251.91 2825659.93 3071.4 3077.25 -5.85
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TABLE 5-1
OTTER CREEK MINE - EXHIBIT 314C APPENDIX A





NEAR-TERM WATER QUALITY PROJECTIONS FOR CLINKER, ALLUVIUM, AND OTTER CREEK
DOWNGRADIENT OF OTTER CREEK MINE AREA





Q(clinker) C(clinker) Q(inject) C(inject) Q (clinkerout) C (clinkerout)
Constituent cfd (mg/l, umhos/cm) cfd (mg/l, umhos/cm) cfd (mg/l, umhos/cm)
Na 171788 525 68728 374 240516 482
Ca 171788 123 68728 14 240516 92
Mg 171788 197 68728 16 240516 146
SC 171788 3651 68728 1589 240516 3062
SAR -- 6.83 -- 38.17 -- 7.29





Q(3M) C(3M) Q(clinker_3M) C(clinkerout) Q (3Mout)  C (3Mout)
Constituent cfd (mg/l, umhos/cm) cfd (mg/l, umhos/cm) cfd (mg/l, umhos/cm)
Na 16354 412 138767 482 155121 475
Ca 16354 101 138767 92 155121 93
Mg 16354 132 138767 146 155121 144
SC 16354 2788 138767 3062 155121 3033
SAR -- 6.36 -- 7.29 -- 7.19





Q(OCA) C(OCA) Q(3M to OCA) C (3Mout) Q (Clinker to OCA) C(clinkerout) Q (OCAout) C (OCAout) 
Constituent cfd (mg/l, umhos/cm) cfd (mg/l, umhos/cm) cfd (mg/l, umhos/cm) cfd (mg/l, umhos/cm)
Na 74651 512 8538 475 82583 482 165772.2 495
Ca 74651 128 8538 93 82583 92 165772.2 108
Mg 74651 205 8538 144 82583 146 165772.2 172
SC 74651 3604 8538 3033 82583 3062 165772.2 3304
SAR -- 6.80 -- 7.19 -- 7.29 -- 6.88





Q(OC) C(OC) Q(OCA to OC) C (OCAout) Q(OCout) C(OCout)
Constituent cfd (mg/l, umhos/cm) cfd (mg/l, umhos/cm) cfd (mg/l, umhos/cm)
Na 55296 455 25309 495 80605 468
Ca 55296 146 25309 108 80605 134
Mg 55296 236 25309 172 80605 216
SC 55296 3549 25309 3304 80605 3472
SAR -- 5.46 -- 6.88 -- 5.81





Where:
Na = Sodium, concentrations in mg/L.
Ca = Calcium, concentrations in mg/L
Mg = Magnesium, concenrations in mg/L
SC = Specific Conductance, in umhos/cm
SAR = Sodium Adsorption Ratio, dimensionless, baseline values are averages of laboratory analytical results, projections are calculated by : 





where: concentrations are in millequivalents per Liter (meq/L)
Q(clinker) =  Background flow in Clinker Polygon receiving unaltered groundwater
C(clinker) =  Average background concentration of constituent in Clinker Polygon receiving unaltered groundwater
Q(inject) = Rate of unaltered groundwater injected to Clinker polygon 
C(inject) = Average background concentration of constituent in unaltered Knobloch coal groundwater from within mine area
Q (clinkerout) = Cumulative flow of injected unaltered Knobloch Coal groundwater and background Clinker flow budget





C (clinkerout) =  Resultant concentration of constituent in Clinker formation upon receipt of unaltered Knobloch Coal water
Q (3M) = Background flow in lower Threemile Creek alluvium, does not include any flow from Clinker formation to the south
C (3M) = Average background concentration of constituent in Threemile Creek alluvium 
Q (clinker_3M)  = Rate of flow from Clinker formation to Threemile Creek alluvium
Q (3Mout)  = Cumulative flow of Threemile Creek alluvium and budget from Clinker formation





C (3Mout) = Resultant concentration of constituent in Threemile Creek alluvium after mixed with increased flow from Clinker.
Q(OCA) = Background flow in Otter Creek Alluvium, total model budget minus evapotranspiration and flow from clinker or Threemile Creek Alluvium
C(OCA) = Average background concentration of constituent in Otter Creek Alluvial wells A1, AVF3-2, and AVF2-2 
Q (3M to OCA) = Flow budget from Threemile Creek alluvium to Otter Creek alluvium from MODFLOW 
Q(clinker to OCA) = Flow budget from Clinker formation to Otter Creek alluvium from MODFLOW 
Q(OCAout) = Cumulative flow through Otter Creek Alluvium, includes flow from Clinker and Threemile Creek, minus evapotranspiration
C(OCAout) = Resultant constituent concentration in Otter Creek allvuvium after mixed with increased flow from Clinker and Threemile Creek alluvium
Q(OC) = Assumed background surface water flow in Otter Creek, representative of 7Q2.
C(OC) = Average background concentration of constituent from surface water sites SW-22, SW-16, and SW-2
Q(OCA to OC) = Flow budget to Otter Creek downgradient of Otter Creek Mine Area during dewatering from MODFLOW
Q(OCout) = Cumulative flow in Otter Creek at baseflow conditions with additional flow from injection water, from MODFLOW 





C(OCout) = Resultant concentration of constituent in Otter Creek under baseflow assumption and additional input from injection





STEP 2. Clinker Formation to Threemile Creek 





Step 3. Clinker Formation and Threemile Creek Alluvium to Otter Creek Alluvium 





STEP 1. Injection of Unaltered Knobloch Coal Groundwater to Clinker Formation





Step 4. Otter Creek Alluvium Baseflow Contribution to Otter Creek Surface Water 
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TABLE 5-2
OTTER CREEK MINE - EXHIBIT 314C APPENDIX A





LONG-TERM WATER QUALITY PROJECTIONS FOR CLINKER, ALLUVIUM, AND OTTER CREEK
DOWNGRADIENT OF OTTER CREEK MINE AREA





Q(spoils to OCA) C(spoils) Q(OCA) C(OCA) Q (OCAout) C (OCAup)





Constituent cfd (mg/l, umhos/cm) cfd (mg/l, umhos/cm) cfd (mg/l, umhos/cm)
Na 8354 610 74651 512 83005 522
Ca 8354 50 74651 128 83005 121
Mg 8354 30 74651 205 83005 188
SC 8354 4400 74651 3604 83005 3684
SAR -- 22.5 -- 6.80 -- 6.93





Q(clinker) C(clinker) Q(spoils to clinker) C(spoils) Q (Clinkerout) C (Clinkerout)





Constituent cfd (mg/l, umhos/cm) cfd (mg/l, umhos/cm) cfd (mg/l, umhos/cm)
Na 171788 482 18762 610 190550 495
Ca 171788 92 18762 50 190550 88
Mg 171788 146 18762 30 190550 134
SC 171788 3062 18762 4400 190550 3194
SAR -- 7.29 -- 22.5 -- 7.75





Q(3M) C(3M) Q(clinker_3M) C(clinkerout) Q (3Mout)  C (3Mout)





Constituent cfd (mg/l, umhos/cm) cfd (mg/l, umhos/cm) cfd (mg/l, umhos/cm)
Na 15783 475 111989 495 127772 492
Ca 15783 93 111989 88 127772 88
Mg 15783 144 111989 134 127772 135
SC 15783 3033 111989 3194 127772 3174
SAR -- 7.19 -- 7.75 -- 7.68





Q(OCA) C (OCAup) Q(3M to OCA) C (3Mout) Q (Clinker to OCA) C(clinkerout) Q (OCAout) C (OCAdown) 





Constituent cfd (mg/l, umhos/cm) cfd (mg/l, umhos/cm) cfd (mg/l, umhos/cm) cfd (mg/l, umhos/cm)
Na 74651 522 6785 492 60647 495 142083 509
Ca 74651 121 6785 88 60647 88 142083 105
Mg 74651 188 6785 135 60647 134 142083 162
SC 74651 3684 6785 3174 60647 3194 142083 3450
SAR -- 6.93 -- 7.68 -- 7.75 -- 7.26





Q(OC) C(OC) Q(OCA to OC) C (OCAout) Q(OCout) C(OCout)





Constituent cfd (mg/l, umhos/cm) cfd (mg/l, umhos/cm) cfd (mg/l, umhos/cm)
Na 55296 455 17466 509 72762 468
Ca 55296 146 17466 105 72762 136
Mg 55296 236 17466 162 72762 218
SC 55296 3549 17466 3450 72762 3525
SAR -- 5.46 -- 7.26 -- 5.78





Where:
Na = Sodium, concentrations in mg/L.
Ca = Calcium, concentrations in mg/L
Mg = Magnesium, concenrations in mg/L
SC = Specific Conductance, in umhos/cm
SAR = Sodium Adsorption Ratio, dimensionless, baseline values are averages of laboratory analytical results, projections are calculated by : 





where: concentrations are in millequivalents per Liter (meq/L)
Q(spoils to OAC) = Flow from coal buffer to Otter Creek Alluvium at south end of mine area where coal is in direct contact with alluvium. 





Q(OCA) = Background flow in Otter Creek Alluvium, total model budget minus evapotranspiration and flow from clinker or Threemile Creek Alluvium
C(OCA) = Average background concentration of constituent in Otter Creek Alluvial wells A1, AVF3-2, and AVF2-2 
Q(OCAout) = Cumulative flow of groundwater in Otter Creek Alluvium upon mixing with spoils groundwater 
C(OCAup) = Resultant constituent concentration in Otter Creek Alluvium adjacent to southern mine area upon mixing with spoils water
Q(clinker) =  Background flow in Clinker polygon at end of mining simulation. 
C(clinker) = Concentration of constituent in Clinker Polygon after mixing with unaltered Knobloch Coal groundwater during mine simulation.  
Q(spoils to clinker) = Flow rate from coal buffer to clinker polygon at end of MODFLOW simulation.  
C(clinkerout) = Resulant constituent concentration in clinker upon mixing with flow from coal buffer (spoils)





Q (3M) = Background flow in lower Threemile Creek alluvium, does not include any flow from Clinker formation to the south
C (3M) = Average background concentration of constituent in Threemile Creek alluvium, based on mixing results from dewatering simulation
Q (clinker_3M)  = Rate of flow from Clinker formation to Threemile Creek alluvium at end of mining simulation
Q (3Mout)  = Cumulative flow of Threemile Creek alluvium and budget from Clinker formation





C (3Mout) = Resultant concentration of constituent in Threemile Creek alluvium after mixed with flow from Clinker.





Q (3M to OCA) = Flow budget from Threemile Creek alluvium to Otter Creek alluvium at end of mining simulation
Q(clinker to OCA) = Flow budget from Clinker formation to Otter Creek alluvium at end of mining simulation  
Q(OCAout2) = Cumulative flow through Otter Creek Alluvium, includes flow from Clinker and Threemile Creek





C(OCAdown) = Resultant constituent concentration in Otter Creek allvuvium downstream of mine area after mixed with flow from Clinker and Threemile Creek alluvium
Q(OC) = Assumed background surface water flow in Otter Creek, representative of 7Q2.
C(OC) = Average background concentration of constituent from surface water sites SW-22, SW-16, and SW-2
Q(OCA to OC) = Flow budget to Otter Creek downgradient of Otter Creek Mine Area after mine simulation
Q(OCout) = Cumulative flow in Otter Creek at baseflow conditions with addition of flow from groundwater 





C(OCout) = Resultant concentration of constituent in Otter Creek under baseflow assumption and spoils water quality input





STEP 1A. Flow from Mine Spoils to Otter Creek Alluvium





STEP 2. Flow from Clinker to Threemile Creek 





STEP 1B. Flow from Mine Spoils to Clinker





C(spoils) = SC is 75th percentile of all weighted averages from overburden saturated paste extract. Concentrations of other constituents (Ca, Mg, Na) are values at overburden 
site with SAR at 75th percentile.  Individual weighted averages of Ca, Mg, and Na do not equal the weighted SAR.  Also, the SC value and SAR value are not correlative but are 
meant to be a conservative representation of expected spoils water quality.    





Step 3. Clinker Formation and Threemile Creek Alluvium to Otter Creek Alluvium 





Step 4. Otter Creek Alluvium Baseflow Contribution to Otter Creek Surface Water 
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TABLE 4-1
OTTER CREEK MINE - EXHIBIT 314C




PRE-MINING BASIN PARAMETERS OF OTTER CREEK TRIBUTARIES




Drainage Drainage Drainage Lowest Highest Maximum Stream Stream Drainage 
Basin Area Area Elevation Elevation Basin Relief Length Length Density




(Acres) (mi2) (ft) (ft) (ft) (ft) (mi) (mi./sq. mi.)




P1 543.64 0.849 3046 3471 425 32096 6.079 7.16




P2 212.43 0.332 3053 3347 294 11229 2.127 6.41




P3 288.51 0.451 3063 3396 333 17996 3.408 7.56




P4 85.37 0.133 3051 3211 160 2859 0.541 4.06




P5 649.79 1.015 3071 3534 463 37538 7.109 7.00




P6 225.54 0.352 3059 3318 259 3086 0.584 1.66




P7 2103.81 3.287 3079 3625 546 90564 17.152 5.22




P8 0.000 0 0.000 0.00




P9 38.13 0.060 3092 3234 142 3149 0.596 10.01




P10 49.97 0.078 3118 3260 142 2333 0.442 5.66




P11 115.55 0.181 3069 3270 201 5575 1.056 5.85




P12 120.74 0.189 3078 3310 232 3468 0.657 3.48




P13 316.95 0.495 3086 3452 366 15774 2.988 6.03




P14 0.000 0 0.000 0.00




P15 0.000 0 0.000 0.00




P16 658.08 1.028 3113 3537 424 33315 6.310 6.14




TOTAL 5408.51 8.45 258,982 49.05 5.80




TABLE 4-1
OTTER CREEK MINE - EXHIBIT 314C




POST-MINING BASIN PARAMETERS OF OTTER CREEK TRIBUTARIES




Drainage Drainage Drainage Lowest Highest Maximum Stream Stream Drainage 
Basin Area Area Elevation Elevation Basin Relief Length Length Density




(Acres) (mi2) (ft) (ft) (ft) (ft) (mi) (mi./sq. mi.)




P1 429.55 0.671 3046 3296 250 21741 4.118 6.13




P2 265.28 0.415 3053 3296 243 13928 2.638 6.36




P3 72.05 0.113 3063 3253 190 2235 0.423 3.76




P4 946.34 1.479 3051 3601 550 45602 8.637 5.84




P5 0.000 0 0.000 0.00




P6 243.43 0.380 3060 3243 183 10891 2.063 5.42




P7 2137.50 3.340 3079 3625 546 88047 16.676 4.99




P8 0.000 0 0.00




P9 43.36 0.068 3092 3260 168 3783 0.716 10.58




P10 51.94 0.081 3118 3271 153 2391 0.453 5.58




P11 63.73 0.100 3069 3271 202 3439 0.651 6.54




P12 115.27 0.180 3078 3271 193 6857 1.299 7.21




P13 284.74 0.445 3086 3261 175 15182 2.875 6.46




P14 0.000 0 0.000 0.00




P15 0.000 0 0.000 0.00




P16 793.53 1.240 3113 3611 498 43722 8.281 6.68




TOTAL 5446.72 8.51 257,818 48.83 5.74
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OTTER CREEK MINE - EXHIBIT 314C




GWIC Owner Total Depth




Approx. 
Elevation Aquifer of Completion Present or Potential Status




ID Name T R Section 1/4 (feet) (feet) Completion Interval Date Former Use Impact




7390 TRUSLER INC * 2.5 MI NW WILLOW CROSSING 03S 45E 19 DDBC 280 2962 125TGRV no info 1/1/24 DOMESTIC no lithology information
7391 TRUSSLER INC. * 3.5 MI SE ASHLAND MT 03S 45E 19 DDBD 100 2963 125TGRV no info DOMESTIC no lithology information




100486 TRUSLER W C 03S 45E 20 ADC 275 125TGRV 240 - 275 10/15/86 DOMESTIC no impact - north of Home Ck
259320 NICKELSON, JOHN/HALL, JACKIE 03S 45E 20 300 260 - 300 11/5/10 DOMESTIC no impact - north of Home Ck
261932 HALL, JACKIE 03S 45E 20 300 260 - 300 11/3/10 DOMESTIC no impact - north of Home Ck
100487 TRUSLER W C 03S 45E 20 CB 45 125TGRV no info 1/1/51 STOCKWATER no lithology information
193355 BLM DH 74-104 03S 45E 26 ADAC 222 3204 no info MONITORING no impact for intended use
193262 BLM DH 74-102 03S 45E 26 DBCB 334 no info MONITORING no impact for intended use
190675 BLM OTTER CREEK OBS WELL 03S 45E 26 BABD 210 3120 no info MONITORING no impact for intended use
100493 ARK LAND COMPANY 03S 45E 26 200 125TGRV no info 1/1/42 STOCKWATER no lithology information
100494 ARK LAND COMPANY 03S 45E 27 195 125TGRV no info 1/1/40 DOMESTIC no lithology information
185255 LEI SAM 03S 45E 27 BB 360 125TGRV 320 - 360 8/2/00 DOMESTIC no impact - north of Home Ck




7397 ARK LAND COMPANY 03S 45E 27 ACBC 55 3058 125TGRV no info IRRIGATION no lithology information
100495 ARK LAND COMPANY 03S 45E 27 65 125TGRV no info 1/1/61 STOCKWATER no lithology information
100496 ARK LAND COMPANY 03S 45E 27 DB 65 125TGRV no info 1/1/60 STOCKWATER no lithology information
100497 F H RANCH COMPANY 03S 45E 28 CB 468 125TGRV no info 7/10/41 STOCKWATER no lithology information
100498 WAUCH OSCAR 03S 45E 30 D 80 125TGRV 63 - 80 3/16/64 STOCKWATER no impact - burn area




7399 SHY G * 1.5 MI W OF WILLOW CROSSING 03S 45E 31 DCDA 168 3130 125TGRV no info 12/22/44 STOCKWATER no lithology information IN USE




7400 PROSPECT LAND & DEVELOPMENT CO, INC 03S 45E 32 DDAC 372 3010 125TGRV
open hole 317 




- 372 1/1/34 DOMESTIC no impact - below Knobloch Coal




100499 F H RANCH COMPANY 03S 45E 32 408 125TGRV no info 8/15/40 STOCKWATER no impact - below Knobloch Coal




7403/ 7404 SHY FLOWING WELL* .25 MI N WILLOW CROSSING 03S 45E 33 CBDA 435 3015 125TLCK no info 1/1/63 STOCKWATER no impact - below Knobloch Coal
100500 POWDER RIVER SCHOOL DIST 23 03S 45E 33 CD 379 3020 125TGRV no info 1/1/34 PUBLIC WATER SUPPLY no impact - below Knobloch Coal NO WATER RIGHT w/DNRC




7401 TRUSSLER INC. * 5.5 MI SE ASHLAND MT 03S 45E 33 BCBB 900 2999 125TLCK no info STOCKWATER no impact - far below Knobloch
7402 TRUSLER FLOWING WELL* .5 MI N WILLOW CROSS 03S 45E 33 BCDA 900 3022 125TLCK no info STOCKWATER no impact - far below Knobloch




193232 BLM OBS-WELL 74-101 03S 45E 34 CACD 410 3259 125TGRV no info 8/19/74 MONITORING WELL no impact for intended use
193356 BLM DH 74-105 03S 45E 34 DDDA 414 3262 125TGRV no info 11/5/74 MONITORING WELL no impact for intended use
190766 BLM OTTER CREEK OBS WELL 03S 45E 34 AACD no info MONITORING no impact for intended use
193267 BLM DH 74-103 03S 45E 34 AACD 187 3020 125TGRV no info 9/20/74 MONITORING no impact for intended use
193389 BLM DH 74-108 03S 45E 35 DABA 321 3293 no info MONITORING no impact for intended use
101937 US DEPT OF AGRICULTURE*USFS 04S 44E 12 B 350 3295 125TGRV 278 - 296 10/1/59 STOCKWATER no impact - west of Otter Creek
101936 MCKELVEY GLEN 04S 44E 12 BA 370 125TGRV 270 - 370 8/30/78 STOCKWATER no impact - west of Otter Creek
190769 BLM OTTER CREEK OBS WELL 04S 45E 1 CDCA no records no info MONITORING WELL no impact for intended use
149859 PROSPECT LAND & DEVELOPMENT CO, INC 04S 45E 1 65 125TGRV no info 1/1/57 STOCKWATER no lithology information




7566 PROSPECT LAND & DEVELOPMENT CO, INC 04S 45E 2 CDDB 85 3070 125TGRV no info 1/1/50 STOCKWATER no lithology information
190770 BLM OTTER CREEK OBS WELL 04S 45E 2 BDDD no records no info MONITORING WELL no impact for intended use
190771 BLM OTTER CREEK OBS WELL 04S 45E 2 DACD no records no info MONITORING WELL no impact for intended use
193387 BLM DH 74-106 04S 45E 2 BDDD 233 3228 125KNCB no info 12/2/74 MONITORING WELL no impact for intended use
193388 BLM DH 74-107 04S 45E 2 DADC 141.5 3105 125KNCB no info 12/12/74 MONITORING WELL no impact for intended use




101946 ARK LAND COMPANY 04S 45E 3 CC 345 3020 125TGRV no info 1/1/55 STOCKWATER
no impact -alluvial recharge - 




below Knobloch Coal
101947 ARK LAND COMPANY 04S 45E 3 DD 200 3030 125TGRV no info 1/1/59 STOCKWATER no lithology information




7567 USGS RESEARCH WELL WO-12 04S 45E 4 BADD 71 3015 110ALVM 14 - 65 12/4/79 RESEARCH no impact for intended use
7569 MBMG MONITORING WELL WO-13 04S 45E 4 BDDB 67 3020 110ALVM 8 - 63 12/5/79 MONITORING WELL no impact for intended use UNUSED
7573 MBMG MONITORING WELL WO-15 04S 45E 4 BDDB 73 3022 110ALVM 8 - 72 12/7/79 RESEARCH no impact for intended use
7574 MBMG MONITORING WELL WO-16 04S 45E 4 CAAC 61 3040 110ALVM 21 - 61 12/10/79 MONITORING WELL no impact for intended use




7575 FREESTAD G. * 1 MI SE WILLOW CROSSING 04S 45E 4 DBCA 250 3015 125TGRV no info DOMESTIC no impact - below Knobloch Coal




7576 FREESTAD G. * 1 MI S WILLOW CROSSING 04S 45E 4 DBDB 50 3014 110ALVM no info STOCKWATER




minimal impact - alluvium NW of 
injection area; possible mounding, 




water quality changes




101948 PROSPECT LAND & DEVELOPMENT CO, INC 04S 45E 4 BC 435 3025 125TGRV no info 1/1/40 STOCKWATER no impact - below Knobloch Coal




101949 ARK LAND COMPANY 04S 45E 4 DB 31 110ALVM 21 - 31 11/10/79 STOCKWATER
minimal impact - alluvium NW of 
injection area; possible mounding




133999 BREWER SION 04S 45E 4 BAC 190 3024 125TGRV 150 - 190 6/28/84 DOMESTIC
no impact - below Knobloch Coal, 
no direct hydrologic connnection




210094 MBMG MONITORING WELL WO-14 04S 45E 4 BDDB 72 3010 110ALVM 7 - 70 12/6/79 MONITORING WELL no impact for intended use
OC-39* CONSOLIDATION COAL CO. - OC-39 04S 45E 5 CACD 257 3226.9 125KNCB 187 - 257 07/11/80 MONITORING WELL no impact for intended use
OC-41* CONSOLIDATION COAL CO. - OC-41 04S 45E 5 AAAB 60 3033.4 110ALVM 30 - 60 07/01/80 MONITORING WELL no impact for intended use
SHY/6* SHY/6 04S 45E 6 DBDB 314 3255 125KNCB no info 6/21/78 MONITORING no impact for intended use




7577 USGS OBS WELL US77-23 04S 45E 6 DBDB 320 3255 125KNCB 219 - 289 5/10/77 MONITORING no impact for intended use
7578 CONSOL COAL OBS WELL (OC-30) 04S 45E 7 CABA 295 3230 125TGRV 220 - 280 6/22/80 MONITORING no impact for intended use




207100 MBMG MONITORING WELL OC-13 04S 45E 8 DDAA 268 3230 125KNCB 198 - 268 5/27/80 MONITORING WELL no impact for intended use




7579 BADGETT KIRK 04S 45E 9 DBBC 800 3045 125TLCK no info 1/1/56 STOCKWATER no impact - below Knobloch Coal
7581 CONSOL COAL OBS WELL (OC-02A) 04S 45E 9 DCAA 67 3035 110ALVM 36.5 - 56.5 7/11/80 MONITORING WELL no impact for intended use




7582 BADGETT KIRK 04S 45E 9 DDBA 780 3030 125TLCK 740 - 780 6/18/65 STOCKWATER no impact - below Knobloch Coal




101950 ARK LAND COMPANY 04S 45E 9 AC 900 211LHUD no info 1/1/61 STOCKWATER no impact - below Knobloch Coal




101952 BADGETT KIRK 04S 45E 9 DD 500 3035 125TLCK no info 1/1/30 STOCKWATER no impact - below Knobloch Coal




101953 BADGETT KIRK 04S 45E 9 DD 600 3035 125TLCK no info 1/1/50 DOMESTIC no impact - below Knobloch Coal




101954 BADGETT KIRK 04S 45E 9 DDBA 780 3030 125TLCK no info 6/18/65 STOCKWATER no impact - below Knobloch Coal
7583 CONSOL COAL OBS WELL (OC-08) 04S 45E 10 CCBC 50 3030 110ALVM 20 - 50 5/22/80 MONITORING WELL no impact for intended use




101955 ARK LAND COMPANY 04S 45E 12 D 50 125TGRV no info 1/1/40 DOMESTIC will be mined through
101956 ARK LAND COMPANY 04S 45E 12 AC 55 125TGRV no info 1/1/58 STOCKWATER will be mined through
101957 ARK LAND COMPANY 04S 45E 12 CDB 205 125KNCB 175 - 200 4/20/84 STOCKWATER will be mined through
190772 BLM OTTER CREEK OBS WELL 04S 45E 12 ABBC no records no info MONITORING WELL no impact for intended use
191348 ARK LAND COMPANY 04S 45E 12 AC 55 125TGRV no info 1/1/58 STOCKWATER will be mined through




7584 USGS OBS WELL OC83-04 04S 45E 14 CACC 225 3155 125KNCB 165 - 225 6/4/83 MONITORING WELL will be mined through UNUSED
7586 USGS RESEARCH WELL 04S 45E 15 BCDD 59 3045 110ALVM no info RESEARCH no impact for intended use UNUSED




7587 BADGETT KIRK 04S 45E 15 CCDD 700 3050 125TLCK no info 1/1/58 STOCKWATER no impact - below Knobloch Coal




7588 BADGETT KIRK 04S 45E 15 DBBC 450 3070 125TGRV no info 1/1/60 DOMESTIC no impact - below Knobloch Coal




101958 BADGETT KIRK 04S 45E 15 CC 48 125TGRV no info 1/1/58 DOMESTIC
slight drawdown possible followed 




by mounding from injection
101959 BADGETT KIRK 04S 45E 15 CC 300 125TGRV no info 1/1/20 DOMESTIC no lithology information




172988 GIERKE GORGE 04S 45E 15 CDC 24 110ALVM
open hole at 




24 ft 11/25/98 STOCKWATER
slight drawdown possible followed 




by mounding from injection
OC-03* CONSOLIDATION COAL CO. - OC-03 04S 45E 15 CBCA 151 3121.7 125KNCB 73 - 151 05/22/80 MONITORING WELL no impact for intended use
OC-06* CONSOLIDATION COAL CO. - OC-06 04S 45E 15 BCAA 65 3043.7 110ALVM 30 - 60 05/22/80 MONITORING WELL no impact for intended use
OC-10* CONSOLIDATION COAL CO. - OC-10 04S 45E 15 CCAC 49 3052.3 110ALVM 25 - 45 05/23/80 MONITORING WELL no impact for intended use
OC-22* CONSOLIDATION COAL CO. - OC-22 04S 45E 16 CDAC 192 3139.3 125KNCB 120 - 192 06/17/80 MONITORING WELL no impact for intended use
OC-26* CONSOLIDATION COAL CO. - OC-26 04S 45E 17 CCDC 295 3235.7 125KNCB 235 - 295 06/22/80 MONITORING WELL no impact for intended use
Badget* BADGET 04S 45E 17 DBCD (SWL 153.2) 3150 no info STOCKWATER no lithology information
101962 BADGETT KIRK 04S 45E 18 DD 370 125TGRV 328 - 370 1/1/63 STOCKWATER no impact - west of Otter Creek
101963 BADGETT KIRK & WALLACE 04S 45E 18 DD 373 125TGRV 333 - 373 5/1/63 STOCKWATER no impact - west of Otter Creek
101968 BADGETT KIRK 04S 45E 21 DA 300 3150 125TGRV no info 1/1/55 STOCKWATER no lithology information




7591 BADGETT C. * 16 MI NW SONNETTE MONTANA 04S 45E 22 ADCC 442 3058 125TGRV no info STOCKWATER no impact - below Knobloch Coal




101969 BADGETT KIRK 04S 45E 22 BA 450 3055 125TGRV no info 1/1/56 STOCKWATER no impact - below Knobloch Coal




101970 THEX CLAVIN L. 04S 45E 22 CD 360 3065 125TGRV no info 1/1/20 STOCKWATER no impact - below Knobloch Coal




235642 CAPRA LOUIS & PENNY 04S 45E 22 CD 460 3100 125TGRV 330 - 400 5/3/07 STOCKWATER no impact - below Knobloch Coal




OC-55* CONSOLIDATION COAL CO. - OC-55 04S 45E 22 BBCB 296.5 3125.8




FLOWERS-
GOODALE 




COAL 279 - 285 07/26/80 MONITORING WELL no impact for intended use




Capra* CAPRA 04S 45E 22 CBDD 700 3080
SANDSTONE 




(Tfl) no info 1956 UNKNOWN no impact - below Knobloch Coal




7592 CAPRA J. * 18 MI NW SONNETTE MONTANA 04S 45E 23 CCCB 452 3082 125TGRV 354 - 452 12/1/73 STOCKWATER no impact - below Knobloch Coal IN USE
197214 ROSS DENSON 04S 45E 26 CABD 117.25 3255 125TGRV no info 7/18/02 RESEARCH no impact for intended use




7593 THEX C.L. * 12.5 MI N FT. HOWES MT. 04S 45E 27 DBAB 59 3075 110ALVM 40 - 50 1/1/69 DOMESTIC
above coal; upgradient of 




disturbance,  impacts unlikely




7594 THEX CALVIN L. 04S 45E 27 DBBA 360 3078 125TGRV no info STOCKWATER no impact - below Knobloch Coal




101972 THEX CALVIN L. 04S 45E 27 DD 360 3080 125TGRV
open hole at 




354 ft 1/15/56 DOMESTIC no impact - below Knobloch Coal
191349 THEX CALVIN L. 04S 45E 27 DB no info 1/1/20 STOCKWATER no depth information




255445 THOMAS THANE 04S 45E 27 DB 380 3100 125TGRV 310 - 380 5/10/10 DOMESTIC no impact - below Knobloch Coal




7596 USGS RESEARCH WELL US77-25 04S 45E 28 BDDD 269 3240
125TGRV 
125KNCB




145 - 236  
256 - 266 5/11/77 MONITORING WELL no impact for intended use




7595 THEX C. * 19 M NW SONNETTE MT 04S 45E 28 ADDA 130 3160 125TGRV no info 1/1/69 STOCKWATER no lithology information




PRIVATE WELLS WITHIN ONE MILE OF PROPOSED PERMIT BOUNDARY AND POTENTIAL CONSEQUENCES




Well Location




TABLE 6-1




Exhibit 314C_Otter Creek Mine_Table 6-1 GWIC private wells within 1-mile.xls Page 1 of 2 7/25/2012















GWIC Owner Total Depth




Approx. 
Elevation Aquifer of Completion Present or Potential Status




ID Name T R Section 1/4 (feet) (feet) Completion Interval Date Former Use Impact




PRIVATE WELLS WITHIN ONE MILE OF PROPOSED PERMIT BOUNDARY AND POTENTIAL CONSEQUENCES




Well Location




101973 N/A 04S 45E 28 AA 3650 3168 211SNNN no info UNKNOWN no impact - below Knobloch Coal
USGS* USGS 04S 45E 35 DABA 321 125KNCB no info 2/7/74 MONITORING WELL no impact for intended use
101976 04S 46E 5 BCB 196 3215 125TGRV no info UNKNOWN no lithology information




7600 USFS * CUSTER NF * THREE MILE WELL 04S 46E 5 BCBC 196 3215 125TGRV no info STOCKWATER no lithology information




101978 TARTER DH 04S 46E 6 CAC 40 125TGRV 30 - 40 10/5/87 DOMESTIC
slight impact - above Knobloch 




Coal




7602 USFS * CUSTER NF * MCLATCHY DRAW WELL 04S 46E 8 CBCC 110 3245 125TGRV 70 - 110 6/12/62 STOCKWATER
no impact - Overburden, limited 




lateral impacts
101988 N/A 04S 46E 30 BCD 170 3245 125TGRV no info UNKNOWN no lithology information
101990 NEWCOMER EARL & OLA LUE*WELL#2 04S 46E 31 no records no info 7/31/62 IRRIGATION no depth information
101991 NEWCOMER EARL & OLA LUE*WELL#3 04S 46E 31 20 125TGRV no info 1/1/41 STOCKWATER very shallow - likely above coal
101992 NEWCOMER EARL & OLA LUE*WELL#5 04S 46E 31 no records no info 7/31/62 DOMESTIC no depth information




161284 USDA FOREST SERVICE - TENMILE WELL 04S 46E 31 CBCA 280 3215 125TGRV 220 - 280 5/26/93 STOCKWATER no impact - below Knobloch Coal




223879 10 MILE CREEK PIPELINE WELL 04S 46E 31 CBBD (SWL 72.8) 3210 125TGRV no info STOCKWATER
probably in sandstone below 




Knobloch Coal; impacts unlikely




LEGEND
* - No GWIC ID - assigned an ID number
110ALVM - ALLUVIUM (QUATERNARY)




125FRUN - FORT UNION FORMATION




125KNCB - KNOBLOCH COAL OF THE FT UNION FORMATION




125TGRV - TONGUE RIVER MEMBER (OF FT UNION FM.)




125TLCK - TULLOCK MEMBER (OF FT UNION FM.)




LHUD - LANCE-HELL CREEK UNDIFFERENTIATED




211SNNN - SHANNON SANDSTONE MBR. (OF CODY OR STEELE SH)




211HLCK- HELL CREEK FORMATION




STATS IN THE HYDROLOGIC STUDY AREA EXTENTS STATS IN THE TRACT 2 HYDRO STUDY AREA STATS IN THE MINE AREA
24 BOREHOLES 13 BOREHOLES 2 BOREHOLES
45 DOMESTIC 17 DOMESTIC 4 DOMESTIC
1 DOMESTIC/STOCKWATER
6 DRY HOLES (BOREHOLES?) 2 IRRIGATION 8 MONITORING/RESEARCH
1 INDUSTRIAL 33 MONITORING/RESEARCH 5 STOCKWATER
4 IRRIGATION 1 PUBLIC WATER SUPPLY
49 MONITORING/RESEARCH 44 STOCKWATER
1 PETWELL 10 TEST HOLES (BOREHOLES?)
2 PUBLIC WATER SUPPLY 1 UNKOWN
97 STOCKWATER
1 STOCKWATER/IRRIGATION
15 TEST HOLES (BOREHOLES?)
7 UNKOWN
2 UNUSED




Exhibit 314C_Otter Creek Mine_Table 6-1 GWIC private wells within 1-mile.xls Page 2 of 2 7/25/2012
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OTTER CREEK MINE 



EXHIBIT 314A:  PROTECTION OF THE HYDROLOGIC 



BALANCE 



1.0 Introduction 



This exhibit addresses the requirements of ARM 17.24.314(1)(a) to (c) and (2)(a) to (c).  The 



requirements of applicable performance standards contained in ARM 17.24.631, 633, 638, 641, 



643, 644, 648 and 651 are also addressed.  



 



2.0 Overview 



The mining and reclamation plan includes the following measures. 



 Protect the quality of surface and ground water systems, within both the mine plan area 



and adjacent areas, from adverse effects of mine operations.  



 Protect the quantity of surface and ground water within both the proposed mine plan area 



and adjacent areas from adverse effects of mine operations.  



 Protect the rights of present users of surface and ground water through measures to 



protect surface and ground water quality and quantity, and contingency plans to provide 



alternate sources of water if necessary pursuant to ARM 17.24.648.  



 Control of surface and ground water drainage into, through and out of the mine plan area. 



 Treat surface and ground water drainage from the area to be disturbed by the mine 



operations, when required to meet quantitative limits on pollutants in discharges subject 



to ARM 17.24.633 or other applicable state or federal laws.    



 Restore the approximate recharge capacity of the mine plan area in accordance with 



ARM 17.24.644.  



 



3.0 Mitigating Measures 



The mining and reclamation plan incorporates measures to protect surface and ground water 



quantity and quality.  For information on the hydrologic system please refer to Baseline  



Report 304E – Hydrology.  Probable Hydrologic Consequences are addressed in Exhibit 314C, 



and Hydrologic Monitoring is described in Exhibit 314B. 
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3.1 Surface Water Drainage Control 



During mine operation, the surface water drainage system is designed to confine surface runoff 



to the mine area with zero discharge except in response to extraordinary runoff events. Any 



water discharges from the mine site would be through a permitted MPDES discharge point.  



Please refer to Map 11 – Operational Drainage Control.  The drainage plan incorporates the 



following elements. 



 An access road constructed parallel to Otter Creek will intercept runoff and route it to 



excavated sediment ponds.  These ponds will be sized to contain a 10-year, 24-hour event 



at a minimum for the entire upstream watershed in the pre-mining configuration.  These 



ponds (Ponds 1 – 7) will control sediment from initial mine development activities. 



 Overflow from Ponds 1-6 will be diverted along the road to Pond 1B, which will be an 



infiltration pond with a large surface area built on scoria.  Ponds 1B and 7 are two 



potential discharge points along Otter Creek. Pond design information is contained in 



Exhibit 315A – Ponds and Embankments. 



 When the box cut is established runoff will be intercepted by the pit.  As mining 



advances, primary sediment control will be established in the box cut zone by retaining 



depressions in the spoils sized to contain 10-year, 24-hour runoff from the post-mining 



drainage configuration plus pit dewatering, which will be routed along the ramps. 



 Any overflow from box cut ponds 1A, 2A, 3A, 4A will be routed via ponds 1, 2, 3 and 4 



to pond1B.  The effect is double detention and treatment for sedimentation. 



 



3.2 Ground Water Management 



The mine plan incorporates the following measures for protection of ground water quality and 



quantity. 



 The Knobloch coal subcrops along upstream portions of the valleys of Otter Creek and 



Threemile Creek adjacent to Tract 2, and coal remains beneath the alluvium in both 



valley bottoms.  This coal is partially eroded and probably oxidized, and will be left in 



place, thus preserving the integrity of the alluvial aquifer.  
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 A barrier of unmined coal will be left along the alluvial subcrop.  This barrier will 



moderate backflow of ground water from the alluvium into the box cut, and eventually, 



flow of water from graded spoils to the alluvium. 



 The Knobloch coal is burned along the lower portions of Otter Creek and Threemile 



Creek on Tract 2, leaving highly fractured clinker formed by the baking and fusing of 



overburden rock from the heat of the burning coal. The clinker is in contact with the 



alluvium and is a significant reservoir of ground water.  A barrier of unmined coal will be 



left along the burn line to moderate backflow of ground water from the clinker into the 



box cut, and eventually, from graded spoils to the clinker. 



 Prior to excavation of the box cut, the coal will be dewatered using wells and the 



unaltered ground water will be returned to the system via injection wells downgradient in 



the clinker in the northwest portion of Tract 2. 



 The pit will be split for initial development with the south box cut opened first.  A portion 



of the north box cut north of Ramp 2 will be excavated and used to store water pumped 



from the active pit.  When the north pit is developed, ponds will be in place in the south 



box cut, and the procedure will be reversed. 



 Water stored in box cut ponds 1A, 2A, 3A, 4A, 5, 6 and 7 will be utilized for dust control 



on haul roads.   



 



4.0 ARM 17.24.631 General Hydrology Requirements  



(1) The mining and reclamation plan has been developed and will be conducted to minimize 



disturbance to the prevailing hydrologic balance and to prevent material damage to the prevailing 



hydrologic balance outside the permit area.  



(2) Changes in water quality and quantity, in the depth to ground water, and in the location of 



surface water drainage channels will be minimized so that the post-mining land use of the 



disturbed land is not adversely affected and applicable federal and state statutes and regulations 



are not violated.  



(3)(a) Operations will be conducted so as to minimize water pollution and will, where necessary, 



use treatment methods to mitigate water pollution.  The mining and reclamation plan emphasizes 



mining and reclamation practices that will prevent or minimize water pollution.  Where feasible, 
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clean water diversions of drainages will be used in preference to the use of water treatment 



facilities.  



(b) Practices to control and minimize pollution include stabilizing disturbed areas through land 



shaping, diverting runoff where feasible, minimization of disturbed area, prompt revegetation, 



and regulating channel velocity of water through drainage channel design and construction.  



Mulching is not planned but may be used in areas of high erosion potential.  Selectively placing 



and sealing acid-forming and toxic-forming materials, and selectively placing waste materials in 



backfill areas are not planned because acid- and toxic-forming materials are not present. 



(4) If pollution can be controlled only by treatment, OCC will operate and maintain the necessary 



water treatment facilities for as long as treatment is required.  The only anticipated treatment is 



detention for sediment control. 



 



5.0 ARM 17.24.633 Water Quality Performance Standards  



(1) All surface drainage from the disturbed area, including disturbed areas that have been graded, 



seeded, or planted, will be treated by the BTCA before leaving the permit area. BTCA is use of 



sediment ponds.  Additional BTCA practices may be implemented after commencement of 



operations if conditions arise that were not anticipated at the time of the permit application.  



(2) Sediment control through BTCA practices will be maintained within the disturbed area until, 



the revegetation requirements of ARM 17.24.711, 17.24.713, 17.24.714, 17.24.716 through 



17.24.718, 17.24.721, 17.24.723 through 17.24.726, and 17.24.731 have been met, the area 



meets state and federal requirements for the receiving stream, and the drainage basin has been 



stabilized consistent with the approved post-mining land use.  At the conclusion of mining 



reclamation, sediment ponds may be replaced with other best management practices (BMP’s) 



through conversion of discharge points to sediment standards for the Western Alkaline Coal 



Mining Subcategory. 



(3) All sediment control will be constructed in accordance with ARM 17.24.638 and 17.24.639 



in approved locations before any mining operations begin in the drainage area 



(4) All discharges which include water from areas disturbed by mining operations will be in 



compliance with all federal and state laws and regulations and applicable effluent limitations.  
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(5) Sediment ponds will be designed and maintained to contain runoff and sediment from a 10-



year, 24-hour precipitation event. 



 



6.0 ARM 17.24.638 Sediment Control Measures  



(1) Appropriate sediment control measures will be designed, constructed, and maintained using 



the BTCA to:  



(a) prevent, to the extent possible, additional contributions of sediment to streamflow or to runoff 



outside the permit area;  



(b) meet the more stringent of applicable state or federal effluent limitations; and  



(c) minimize erosion to the extent possible.  



(2) Sediment control measures practices will be implemented within or adjacent to the disturbed 



area.  The sedimentation storage capacity of practices in and downstream from the disturbed area 



will reflect the degree to which successful mining and reclamation techniques are applied to 



reduce erosion and control sediment.  Sediment control measures consist of the utilization of 



proper mining and reclamation methods and sediment control practices, singly or in combination.  



Sediment control methods to be utilized may include but are not limited to:  



(a) disturbing the smallest practicable area at any one time during the mining operation through 



progressive backfilling, grading, and prompt revegetation in accordance with ARM 17.24.711, 



17.24.713, 17.24.714, 17.24.716 through 17.24.721, and 17.24.723 through 17.24.726;  



(b) stabilizing backfill material to promote a reduction in the rate and volume of runoff, in 



accordance with the requirements of subchapter 5;  



(c) retaining sediment within disturbed areas using sediment traps and other appropriate means;  



(d) diverting runoff away from disturbed areas;  



(e) diverting runoff by using protected channels or pipes through disturbed areas to eliminate 



additional erosion;  



(f) using straw dikes, riprap, check dams, mulches, vegetative sediment filters, dugout ponds, 



and other measures that reduce overland flow velocity, reduce runoff volume, or trap sediment; 



and  



(g) treating with chemicals. 
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7.0 ARM 17.24.641 Acid- And Toxic-Forming Spoils  



Analysis of overburden (Baseline Report 304H) did not identify any acid- or toxic-forming 



materials.  If encountered during the mining and reclamation process, drainage from acid- and 



toxic-forming spoil into ground and surface water will be avoided by:  



(1) identifying, burying, and treating whenever necessary, spoil that may be detrimental to 



vegetation establishment or may adversely affect water quality if not treated or buried;  



(2) preventing water from coming into contact with acid-forming or toxic-forming spoil in 



accordance with ARM 17.24.501(3), 17.24.504, 17.24.507, and other measures required by the 



Montana Department of Environmental Quality (MDEQ); and  



(3) burying or otherwise treating all acid-forming or toxic-forming spoil within 30 days after it is 



first exposed on the mine site, or within a lesser period required by MDEQ.  Temporary storage 



of the spoil will be proposed to MDEQ if burial or treatment within 30 days is not feasible and 



will not result in any material risk of water pollution or other prohibited effect.  Storage would be 



limited to the period until burial or treatment first becomes feasible.  Acid-forming or toxic-



forming spoil to be stored will be placed on impermeable material and protected from erosion 



and contact with surface water. 



 



8.0 ARM 17.24.643 Ground Water Protection  



(1) Mining will be conducted to control the effects of drainage from pits, cuts, and other mining 



activities and disturbances.  Based on overburden analysis, acid, toxic or otherwise harmful mine 



drainage waters are not anticipated.  If such waters are encountered, OCC will prevent or control 



discharge into ground water flow systems so that adverse impacts on ground water flow systems 



and on approved post-mining land uses are prevented.  



(2) Backfilled materials will be placed to minimize adverse effects on ground water flow and 



quality, to minimize off-site effects, and to support the approved post-mining land use. 



Hydrologic Monitoring (Exhibit 314B) will include wells completed in graded spoils when 



sufficient spoil area is available. 
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9.0 ARM 17.24.644 Protection of Ground Water Recharge  



(1) The disturbed area will be reclaimed to restore the approximate premining recharge capacity 



through restoration of the capability of the reclaimed areas as a whole to transmit water to the 



ground water system.  This will be done by backfilling the pit to place graded spoils in contact 



with sources of lateral recharge, constructing the reclaimed landscape to approximate original 



contour and salvaging and redistributing surface soils in the reclamation process to ensure a 



similar rate of vertical recharge.  The recharge capacity will be restored to support the approved 



post-mining land use, minimize disturbances to the prevailing hydrologic balance in the mine 



plan area and adjacent areas, and provide a rate of recharge that approximates the premining 



recharge rate.  Hydrologic monitoring (Exhibit 314B) will ensure operations conform to this 



requirement.  



(2) OCC will collect data and conduct studies in consultation with MDEQ to determine whether 



the recharge capacity of the mined lands can be restored to the approximate premining recharge 



capacity. 



 



10.0 ARM 17.24.648 Water Rights and Replacement  



(1) OCC will replace the water supply of any owner of interest in real property who obtains all or 



part of his supply of water for domestic, agricultural, industrial, or other legitimate use from 



surface or underground source if such supply has been affected by contamination, diminution, or 



interruption proximately resulting from operation of Otter Creek Mine. 



 



11.0 ARM 17.24.651 Stream Channel Disturbances and Buffer Zones  



(1) Otter Creek is a perennial stream and its tributary Threemile Creek is an intermittent stream.  



No land within 100 feet of either stream will be disturbed by mining operations, nor will the 



streams be disturbed, except where transportation facilities cross, and as approved by MDEQ.  



(a) Where stream crossings occur the original stream function will be restored in accordance with 



ARM 17.24.634 and 17.24.751; and  



(b) during and after the mining, the water quantity and quality and other environmental resources 



of the stream and the lands within 100 feet of the stream will not be adversely affected.  
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(2) Any area not to be disturbed will be designated a buffer zone and marked as specified in 



ARM 17.24.524.  



(3) Biological communities present in Otter Creek and its tributaries in the vicinity of Tract 2 are 



described in Baseline Report 304K – Fish and Wildlife. 
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OTTER CREEK MINE 


17.24.315 PLAN FOR PONDS AND EMBANKMENTS 


17.24.315(1) 


Exhibit 315A – Sediment Pond Designs includes a general plan for each proposed sedimentation 


pond and water impoundment within the proposed mine plan areas.  


 


17.24.315(1)(a) 


Each general plan:  


(i) has been prepared by, or under the direction of, and certified by a qualified licensed 


professional engineer, experienced in designing impoundments;  


(ii) contains a description, map, and cross-section of the structure and its location;  


(iii) contains preliminary hydrologic and geologic information required to assess the hydrologic 


impact of the pond;  


(iv) (Not applicable; there is no known past underground mining in or near the permit area.); and  


(v) contains a certification statement which includes a schedule setting forth the dates that any 


detailed design plans for structures that are not submitted with the general plan will be submitted 


to the department.  Pond construction will not proceed until the department has approved the 


detailed design plans. 


 


17.24.315(1)(b) 


Not applicable.  Each pond is designed as an incised pond with either a culvert discharge at grade 


or diverted into road ditch system.  There will be no embankment structure that meets or exceeds 


the size or other criteria of the mine safety and health administration, 30 CFR 77.216(a), or 


meets the Class B or C criteria for dams in USDA soil conservation service Technical Release 


No. 60 (210-VI-TR60, October 1985, as revised through January 1991), "Earth Dams and 


Reservoirs", (TR-60).  


 


17.24.315(1)(c) 


No response required. 
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17.24.315(1)(d) 


Each detailed design for a structure that does not meet the size or other criteria of 30 CFR 


77.216(a) or the criteria for Class B or C dams in TR-60:  


(i) has been prepared by, or under the direction of, and certified by a qualified licensed 


professional engineer. The certifying engineer has had experience in designing impoundments;  


(ii) includes any design and construction requirements for the structure, including any required 


geotechnical information;  


(iii) includes appropriate information on the foundation conditions of the structure to determine 


the design requirements necessary to meet and to show that the design will meet the standards of 


ARM 17.24.639(8) for foundation stability;  


(iv) describes the operation and maintenance requirements for each structure; and  


(v) describes the timetable and plans to remove each structure, if appropriate.  


 


17.24.315(2) 


Sedimentation ponds, whether temporary or permanent, have been designed in compliance with 


the requirements of ARM 17.24.639.  


 


17.24.315(3) 


Permanent impoundments where proposed have been designed to comply with ARM 17.24.642. 


 


17.24.315(4) 


No dams and reservoirs impounding 50 acre-feet or more either singly or in series within the 


same watershed, are proposed. 





		17.24.315 PLAN FOR PONDS AND EMBANKMENTS

		17.24.315(1)
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		17.24.315(1)(b)

		17.24.315(1)(c)

		17.24.315(1)(d)

		17.24.315(2)

		17.24.315(3)

		17.24.315(4)
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OTTER CREEK MINE 



EXHIBIT 315A:  PONDS AND EMBANKMENTS 



1.0 Introduction 



Surface drainage and sediment control at Otter Creek Mine will utilize a system of incised ponds 



to capture, detain and route surface runoff for control of sediment and protection of surface water 



quality.  This exhibit provides information on pond design, operation and reclamation.  The 



requirements of performance standards contained in ARM 17.24.639, 640, 642 and 650 are 



addressed.   



 



2.0 General Pond Designs 



Pond locations and designations are shown on Map 11 – Operational Drainage Control.  The 



system is designed to operate with zero discharge under normal operation.  Ponds 1 through 7 



will control runoff into Otter Creek from initial box cut development, and are designed to contain 



runoff from a 10-year, 24-hour runoff event.  Overflow from Pond 1 will be routed along the 



haul and access road to Pond 1A, which is designed as an infiltration pond.  Overflow from Pond 



3, Pond 5 and Pond 6 will be routed along the haul and access road to Pond 4.  These ponds will 



handle surface runoff only; pit dewatering will be contained in the pit during box cut 



development.   



 



Establishment of the box cut will intercept all upstream drainage, resulting in Pond 1, Pond 2, 



Pond 3 and Pond 4 being oversized for the remaining contributing drainage areas.  Ponds 1A, 



through 4A will be established in the box cut by retaining depressions in spoils sized to retain 



runoff from the reclaimed watershed configurations plus pit dewatering. 



 



Pond 7 will receive surface runoff only; pit dewatering from the south end of the pit will be 



routed along Ramp 3 and the main haul road to Pond 5 and Pond 4A. 



 



Ponds 8, through 15 will discharge to Threemile Creek and will handle surface runoff only. 



 



Appendix A contains general designs including preliminary runoff calculations and sizing for all 



of the ponds.  Preliminary pond sizing is summarized in Table 1.  











Exhibit 315A_Otter Creek Mine_Ponds and Embankments.docx   7/23/2012//5:33 PM 



2 



 



3.0 ARM 17.24.639 Sedimentation Ponds and Other Treatment Facilities 



(1) Sedimentation ponds, either temporary or permanent, will be used individually or in series 



and will:  



(a) be constructed before any disturbance of an area that will drain into the pond takes place;  



(b) be located as near as possible to the disturbed area, and out of major stream courses, unless 



another site is approved by the department;  



(c) provide an adequate sediment storage volume equal to:  



(i)(A) the accumulated sediment volume from the drainage area to the pond for a minimum of 



three years as determined by a method approved by the department; or  



(B) not less than 0.02 acre-foot for each acre of disturbed area, excluding well-established 



reclamation, within the upstream drainage area.  



(ii) (not applicable)  



(d) Ponds will be accurately surveyed immediately after construction in order to provide a 



baseline for future sediment volume measurements; and  



(e) be constructed as approved unless modified under ARM 17.24.642(7).  



(2) Sedimentation ponds will be designed to contain runoff from a 10-year, 24-hour runoff event 



at a minimum, and therefore theoretical detention time requirements are not applicable. 



(3) Incised ponds will not have dewatering devices.  



(4) Because ponds will be designed to contain runoff from a 10-year, 24-hour runoff event at a 



minimum, short circuiting is not a concern.  



(5) There will not be outflow through the emergency spillway during the passage of the runoff 



resulting from the 10-year, 24-hour precipitation event or lesser events through the sedimentation 



pond.  



(6) Sediment will be removed from sedimentation ponds when the volume of sediment 



accumulates to 60% of the design sediment storage volume.  



(7) Sedimentation ponds will not have embankments, and the requirements of this subparagraph 



are not applicable. 
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(8) Not applicable. 



(9) Not applicable. 



(10) Not applicable.  



(12) Not applicable. 



(13) Not applicable. 



(14) Not applicable. 



(15) Not applicable.  



(16) Not applicable. 



(17) Not applicable. 



(18) Temporary erosion-control measures will be utilized as necessary during construction to 



control sedimentation and minimize erosion until long-term erosion-control measures can be 



established.  



(19) Not applicable. 



(20) Not applicable. 



(21) Not applicable.  



(22)(a) Not applicable.  



(b) Not applicable.  



(23) Not applicable. 



(24)(a) Sedimentation ponds and other treatment facilities will not be removed:  



(i) sooner than two years after the last augmented seeding within the drainage, unless otherwise 



approved by the department in compliance with ARM 17.24.633;  



(ii) until the drainage entering the pond has met the applicable state and federal water quality 



requirements for the receiving stream; and  



(iii) until evidence is provided that demonstrates that the drainage basin has stabilized to the 



extent that it was in the undisturbed state.  
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(25) When the sedimentation pond is removed, the affected land will be graded and revegetated 



in accordance with ARM 17.24.711, 17.24.713, 17.24.714, 17.24.716 through 17.24.718, 



17.24.721, 17.24.723 through 17.24.726, and 17.24.731. If the department approves retention, 



the sedimentation pond will meet all the requirements for permanent impoundments of ARM 



17.24.642 and 17.24.650.  



(26)(a) Other treatment facilities will be designed to treat the 10-year, 24-hour precipitation 



event unless a lesser design event is approved by the department based on terrain, climate, other 



site-specific conditions and a demonstration by Otter Creek Coal, LCC (OCC) that the effluent 



limitations of ARM 17.24.633 will be met.  



(b) Other treatment facilities will be designed in accordance with the applicable requirements of 



(1) through (21) of ARM 17.24.639.  



(27) Not applicable. 



 (28)(a) Excavations which are sediment control structures during or after the mining operation 



will have perimeter slopes that are stable, with slopes of 3h:1v or less.  Where surface runoff 



enters the impoundment area, the sideslope will be protected against erosion.  



(b) These excavations which are sediment control structures must be certified initially by a 



qualified licensed professional engineer.  The department shall perform subsequent inspections. 



If any modifications are necessary, the department shall promptly notify the operator. 



 



4.0 ARM 17.24.640 Discharge Structures 



(1) Discharge from sedimentation ponds, impoundments, and diversions will be controlled by 



vegetation, energy dissipaters, riprap channels, and other measures, where necessary, to reduce 



erosion, to prevent deepening or enlargement of stream channels, and to minimize disturbance of 



the hydrologic balance.  Discharge structures will be designed according to standard 



engineering-design procedures and be certified by a qualified, registered, professional engineer 



as meeting the performance standards of this subchapter and any design criteria specified by the 



department. 



 



For incised ponds, discharge will flow into the road ditch system where it will be routed to other 



ponds.  Exceptions will be Pond 1B, Pond 2, Pond 3, Pond 7, and Ponds 8 through 15.  These 
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ponds will have a discharge structure consisting of a culvert of appropriate size to facilitate 



monitoring. 



 



5.0 ARM 17.24.642 Permanent Impoundments and Flood Control 



Impoundments 



(1) Permanent impoundments are not proposed at this time.  One or more sediment ponds may be 



proposed as permanent at a later date; in that event the requirements of this subparagraph will be 



followed. 



(2) Not applicable.  



(3) Not applicable. 



(4) Not applicable. 



(5)(a) Flood control impoundments located upstream of disturbance areas for the purpose of 



preventing or controlling flooding or discharge are not proposed at this time, but may be 



proposed at a later date.  In that event, the requirements of this subparagraph will be followed. 



(6) If such facilities are proposed and constructed in the future, permanent impoundments and 



flood control impoundments with embankments meeting the size or other criteria of 30 CFR 



77.216(a) or the Class B or C criteria for dams in TR-60 will be routinely inspected by a 



qualified licensed professional engineer or by someone under the supervision of a qualified 



licensed professional engineer, in accordance with 30 CFR 77.216-3.  



(7) Any plans for any enlargement, reduction in size, reconstruction, or other modifications of 



permanent impoundments and flood control impoundments will be submitted to the department 



and will comply with the requirements of this subchapter.  Except where a modification is 



required to eliminate an emergency condition constituting a hazard to public health, safety, or the 



environment, the modification will not be initiated until the department approves the plans.  
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6.0 ARM 17.24.650 Post-mining Rehabilitation of Sedimentation Ponds, 



Diversions, Impoundments, and Treatment Facilities 



(1) Prior to application for final bond release, OCC will renovate all permanent sedimentation 



ponds, diversions, impoundments, and treatment facilities to meet criteria specified in the 



detailed design plan for the permanent structures and impoundments.  



(2) All temporary sedimentation ponds, diversions, impoundments and treatment facilities will 



be graded to the approximate original contour and reclaimed prior to application for final bond 



release. 








			1.0 Introduction


			2.0 General Pond Designs


			3.0 ARM 17.24.639 Sedimentation Ponds and Other Treatment Facilities


			4.0 ARM 17.24.640 Discharge Structures
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TABLE 1
OTTER CREEK MINE - EXHIBIT 315A




PRELIMINARY SEDIMENT POND SIZES
Pond Pre-Mine 




Undisturbed 
Pre-Mine 




Bare Acres
PMT Bare Acres (30% of 




Total PMT)
PMT  Good Acres (70% of 




Total PMT)
Total Watershed 




Acres
Final Pond Size 




(Acre-Ft)
EP1 301.3 249.8 551.1 36.09




EP1A 62.8 146.5 209.2 9.10
EP1B1 45.6 106.3 151.9 6.58
EP2 107.6 54.8 162.4 10.48




EP2A 55.5 129.4 184.9 9.40
EP3 245.9 45.5 291.4 7.33




EP3A 0.0 18.50
EP4 12.6 50.4 63.0 6.70




EP4A 74.6 234.8 547.8 857.2 30.57
EP5 619.4 619.4 8.52
EP6 49.4 115.3 164.7 6.56
EP7 1060.0 313.7 731.9 2105.6 11.74
EP8 6.3 14.7 21.0 0.82
EP9 10.7 25.1 35.8 1.98




EP10 9.6 22.4 32.0 1.84
EP11 29.5 68.8 98.3 4.62
EP12 75.8 176.8 252.6 12.86
EP13 1.7 1.7 0.00
EP14 4.9 11.5 16.4 0.72
EP15 54.9 217.3 507.1 779.4 46.32




1Pond size based on Pre-Mine Acreages.




Exhibit 315A_Otter Creek Mine_Table 1 Preliminary Sediment Pond Sizes.xls 7/24/2012
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OTTER CREEK MINE 




EXHIBIT 315A - ATTACHMENT A PONDS AND EMBANKMENTS 




DRAINAGE CONTROL HYDROLOGY AND 




SEDIMENTOLOGY REPORT 




 




 




 




1.0  PROJECT DESCRIPTION 




 




This report provides guidance for the design of storm water collection ponds that intercept 




surface runoff and control sediment transport from watersheds impacted by mining activities 




at the proposed Otter Creek Coal Mine.  As proposed, mining, soil storage, overburden 




stockpile areas, and access roads impact 15 watersheds.  These watershed areas are identified 




on Figure 1-1 as watersheds EP1 – EP15 




 




This report’s hydrologic analysis addresses runoff from the 10-year, 24-hour storm event on 




watersheds EP1 - EP15.  The sedimentology analysis includes average annual sediment yield 




and storm derived average annual sediment yield predictions for these watersheds.  Both 




hydrology and sedimentology analyses for these watersheds were conducted for the existing 




conditions prior to mining (baseline) phase of the proposed Otter Creek Mine as well as the 




operational and post-mining (disturbed) phases.  Civil Software Design program SEDCAD 4 




(SEDCAD, 1998) was used to model site hydrology and calculate runoff volume and 




sediment yield from the 10-year, 24-hour storm event. 




 




The purpose of these analyses is to model baseline, operational, and post-mining runoff and 




sediment yield, to serve as a basis for design of operational and post-mining storm water 




controls and in order to demonstrate compliance with 40CFR 434.80 Subpart H, the Effluent 




Limitation Guidelines and Standards for the Western Alkaline Coal Mining Subcategory (U.S. 




EPA, 2001).   
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The report addresses items related to surface runoff from mine-impacted areas that include:  




(1) determination of the rainfall event to be used as a basis for design of surface runoff 




controls, (2) evaluation of the peak flow and volume of surface runoff that may be generated, 




(3) evaluation of the average annual sediment yield and storm derived sediment yield, (4) 




development of general sizing for construction of surface runoff control structures. 
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2.0  DESIGN SCENARIOS 




 




In the pre-mining state, the runoff characteristics of a watershed can be expected to be 




primarily a function of topography, soil type, and vegetation cover.  Although changes in land 




use related to mining may affect runoff, the cumulative effects of these changes can 




reasonably be predicted using standard modeling and analysis techniques.  Alteration of a 




watershed by surface mining brings about a variety of changes until a new equilibrium is 




established by reclamation.  As proposed, mining will impact approximately 15 watersheds, 




which are the focus of this study.  Reclaimed topography, soils, and vegetation will 




approximate, but not duplicate pre-mining conditions.  Mining inevitably results in a mixing of 




soil types and removes existing vegetation.  Although the reclamation process is designed to 




replicate pre-mining factors to the extent possible, reclaimed vegetation is comprised largely of 




grasses, at least initially.   




 




Operational controls, sediment traps and conveyance structures will be installed prior to 




initial soil salvage disturbance of these watershed areas and will remain in place during mine 




operation until final grading is complete.  Once final grading is complete and post-mining 




topography is established, sediment traps will be reduced in size so that the average annual 




sediment yield during reclamation phases is reduced to or below the pre-mining average 




annual sediment yield.  The modeling presented in this report will be used to size the 




sediment control structures to prevent an increase in the average annual sediment yield from 




pre-mining undisturbed conditions by implementing Best Management Practices (BMPs) – 




sediment traps - during the operational and reclamation phases. 




 




Pre-mining conditions were modeled by analyzing existing soil, vegetation, and land 




characteristics and were used as the basis of comparison for reclamation conditions.  Soils 




data was obtained from the Baseline Report 304L– Soils and from the Natural Resource and 




Conservation Service (NRCS).  Vegetation information was obtained from Baseline Report, 




304J - Vegetation. 
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Operational drainage control established prior to mining during soil salvage will remain in 




place until final grading is complete and post-mining topography is established.  During this 




period sediment traps will be established to contain the 10-year, 24-hour runoff volume and 




the average annual sediment yield for three years.  These 10-year, 24-hour sediment traps will 




be based on post-mining drainage acreage and configuration, SEDCAD modeling of runoff 




volume in a 30% bare and 70% vegetated soil condition, and three times the average annual 




sediment volume based on SEDCAD modeling of this condition unless otherwise noted. 




 




Western Alkaline standards become applicable when finish grading is complete.  Once post-




mining topography has been established and final grading is complete, the reclaimed area is 




incorporated into the model as bare soil prior to vegetative growth, having less than 50% 




cover (poor) during the first year of vegetative growth, having less than 75% cover (fair) 




during the second year of vegetative growth, and having more than 75% cover (good) in 




subsequent years.  During the reclamation post-mining phase, sediment traps will be reduced 




in size to retain three to four times the average annual sediment yield, depending on 




watershed acreage, for the bare soil condition.  Traps will be retained as small depressions 




functioning as vegetative and wildlife habitat diversity enhancement features.  They will be 




allowed to fill with sediment over time, providing adequate time for the establishment of 




vegetation and precluding the need for disturbance in order to reclaim the structures.  By this 




time, pre-mining conditions will have been re-established and BMPs no longer required.  




 




This report analyzes sediment yield predictions for each of 15 watersheds areas using 




SEDCAD 4 for each of five design scenarios, which include:  (1) the undisturbed “baseline” 




condition, (2) the disturbed condition without BMPs in place, (3) the first year of 




revegetation growth, (4) the second year of revegetation growth, (5) the third and subsequent 




years of revegetation growth, and (6) a combined 30% disturbed area and 70% vegetated 




(greater than 75% vegetative cover) area condition. 
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In addition to sizing site-specific detention structures, this report presents general guidelines 




intended to be applied to any disturbed area within the Otter Creek Mine area.  Site-specific 




configuration of sediment traps will be determined by topography and may differ from typical 




drawings. 
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3.0  SITE HYDROLOGY 




 




A hydrologic analysis was conducted to determine the effects of runoff on undisturbed, 




operational, and reclaimed lands and calculate runoff volume and sediment yield from a  




10-year, 24-hour storm event.  Based on the inputs discussed below, SEDCAD 4 calculated 




runoff and sediment yields from each drainage area, which were used to establish a pre-




mining background watershed condition against which the adequacy of sediment controls 




during reclamation can be measured.   




 




3.1 PRECIPITATION 




Rainfall data from National Oceanic & Atmospheric Administration (NOAA, 1973) Atlas 2, 




published by the National Weather Service, was used to determine precipitation quantities for 




10-year, 24-hour precipitation event, and the U.S. Soil Conservation Service’s (SCS, 1973) 




Type II Storm Distribution was used to determine the peak rainfall intensity.   




 




A total cumulative rainfall of approximately 2.1 inches for a 10-year, 24-hour storm was 




obtained from the NOAA Atlas 2 (Figure 3-1).  As shown on Figure 3-1, using the SCS Type 




II storm distribution curve results in peak rainfall intensity of nearly 1.6 inches/hour for a 10-




year, 24-hour storm.  




 




3.2 STORM RUNOFF  




In addition to precipitation, prediction of basin runoff, using the SEDCAD 4 model, requires 




calculation of the drainage area, the weighted soil-cover complex curve number (curve 




number), and the time of concentration for each drainage. 




 




3.2.1 Drainage Area 




Pre-mining and post-mining drainage areas of each of the 15 watershed areas within the 




mining area are listed in Table 3-1.  Pre-mining drainage areas were used to calculate pre-




mining sediment yield.  Post-mining drainage areas were used to design operation sediment 




control structures, and post-mining sediment yield.  Disturbed soils were considered to be any 
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area of bare soil, whether it is during mining or during soil replacement, soil preparation and 




seeding. 




 




3.2.2 Curve Numbers 




Curve Numbers for undisturbed (baseline), disturbed and reclaimed land were assigned in 




accordance with the results of a detailed investigation by Westech Environmental, Inc and are 




listed in Table 3-2 and Table 3-3.  Each disturbance state (undisturbed, disturbed, and 




subsequent reclamation years) required further analysis in order to calculate an appropriate 




weighted curve number from the values presented in Tables 3-2 and 3-3. 




 




A weighted curve number for undisturbed conditions was calculated for each drainage by first 




using the Soil Report prepared by Westech Environmental, Inc. (Baseline Report 304L – 




Soils) to determine the proportion of hydrologic soil types (A, B, C, or D) present in the 




drainage.  A vegetation survey of the area, also prepared by Westech Environmental Services, 




Inc. (Otter Creek Baseline Report, 304J) was used for undisturbed curve numbers to 




determine the proportion of ground cover types present atop each soil type.  Ground cover 




types used in this analysis included Agricultural land (SR + CR good), rangeland (poor, 




<50% cover), rangeland (fair, 50-75% cover), rangeland (good, >75% cover), brush (fair, 50-




75% cover), woods (poor, <50% cover woods, (fair, 50-75% cover), and woods (good, >75% 




cover).  Presented in Table 3-2 are the undisturbed curve numbers and corresponding 




hydrologic soil group used to obtain the weighted curve numbers for the undisturbed 




condition.   




 




A weighted curve number for disturbed and reclamation conditions was calculated for each 




drainage by weighting the curve number appropriate to the disturbance condition (Table 3-3) 




for the hydrologic soil types present in the drainage prior to mining.  It is assumed that soils 




removed from these drainages during topsoil stripping will be mixed and will therefore be a 




blend of soil types originally found in that drainage.   




 




The curve numbers presented in Table 3-4 were the values used for the SEDCAD 4 model.  




 















Exhibit 315A_Otter Creek Mine_Appendix A Drainage Control.doc 7/24/2012\\11:07 AM 




 3-3 




3.2.3 Time of Concentration  




Time of concentration was calculated for each drainage by summing the lag time for overland 




flow and the lag time of channel flow within each drainage.  Time of concentration was 




calculated for undisturbed (baseline), disturbed and reclaimed land conditions.  Overland or 




sheet flow areas do not have channel flow; therefore, the time of concentration in these 




drainages is equal to the lag time for overland flow.  The channel flow length and slope were 




assumed to be the length or slope of a defined stream channel within a watershed and was 




measured from a topographic map for pre-existing conditions (Figure 1-1) and the proposed 




post mining topography map (Figure 3-2).  Overland flow length and slope were determined 




by measuring the longest length and elevation change within a watershed from the edge of the 




drainage to the point where water would enter the channel described above or exit the mine 




disturbance boundary.  The time of concentration calculation for channel flow was 




determined using the SEDCAD 4 software, but overland flow was calculated using the 




Kirpich’s equation from the NRCS Curve Number Method.  Table 3-5 presents the Time of 




Concentration values for both undisturbed and disturbed/reclaimed areas used in the 




SEDCAD 4 model. 
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4.0  SEDIMENTOLOGY 




 




The total amount of sediment that is liberated and transported from a watershed due to runoff 




is based on the soil type within the basin (erodibility factor (K)), the length and slope of 




overland flow (LS Factor), and the influence of cover material within the basin (C Factor).  




Based upon soils data for this area from the NRCS soil database, the following particle size 




distribution was used in the SEDCAD 4 model: 




 




Particle Size (mm) % Finer 




4.76 100 




2 100 




0.42 85 




0.074 75 




0.003 0 




 




4.1 ERODIBILITY FACTOR (K) 




Soil’s resistance to detachment and mobility by rainfall during a storm event affects the 




amount of soil that will be eroded from a basin.  Soil erodibility factors (K factors) for each 




soil group were provided in the soil data obtained from the Westech Environmental soil study 




(Baseline Report, 304L).  K factors for soil types in this area ranged from 0.17 to 0.49, and a 




weighted average K factor (Table 4-1) was used in the baseline condition of the model.  K 




factors for each soil type were weighted to the appropriate percentage of that soil in the 




watershed (Table 3-2) present prior to mining.  During reclamation, K factors for individual 




drainages may change slightly because surface soils will be mixed and blended during 




mining.  Therefore, for the purposes of this modeling effort, a SEDCAD 4 derived K factor of 




0.32 (silty clay) was used for the mining and reclamation phases.    




 




4.2 C FACTOR 




The cover material on the ground influences the C factor used in the SEDCAD model.  For 




the undisturbed watershed, a weighted average C factor was calculated based upon the 




portion of the drainage vegetated with the ground cover materials listed in Table 4-2.  The 
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weighted average C factors for each drainage are presented in Table 4-3.  Table 4-4 lists the 




C factors used for the other disturbance states, including disturbed (bare soil), first, second, 




and subsequent years of reclamation.  C factors for all conditions were obtained from the 




documentation included in the SEDCAD 4 model.   




 




4.3 LS FACTOR 




The length and slope of overland flow contribute to the LS Factor calculated by the SEDCAD 




4 program.  The LS factor is used to incorporate the effect topography has on sediment 




transport within a drainage.  Input parameters for the SEDCAD model are the representative 




slope and representative length.  Accuracy of the LS factor decreases at representative lengths 




outside the range of 50 to 300 ft and at representative slopes outside the range of 3% to 20%, 




therefore, SEDCAD 4 limits the user to a slope length of 1,000 ft.  An average representative 




slope and representative length for each drainage was found by measuring multiple lengths 




and slopes from the topographic map within each drainage.  Table 4-5 presents the 




representative slopes and lengths used in the Pre-Mine (baseline) SEDCAD 4 model.  The LS 




factors presented in Table 4-6 were used for operational and post-mining sediment yield 




models.    




 















Exhibit 315A_Otter Creek Mine_Appendix A Drainage Control.doc 7/24/2012\\11:07 AM 




 5-1 




 




5.0  AVERAGE ANNUAL SEDIMENT YIELD 




 




5.1 AVERAGE ANNUAL SEDIMENT YIELD FROM SEDCAD RESULTS 




The average annual R method can be used to determine the average annual sediment yield 




from SEDCAD storm derived results.  Based on the ratio of the average annual R factor to 




the calculated R storm value in SEDCAD, the average annual sediment yield can be 




calculated from the storm sediment yield using the following equation: 




 




AASY = Y * (S * ( Ra/Rs)) 




 




Where AASY = the average annual sediment yield, Y = number of years, S = predicted storm 




sediment yield, Ra = R annual factor, and Rs = the R storm value.  SEDCAD calculates the R 




storm value as a function of the rainfall amount and storm distribution.  The average annual 




R factor is equal to 19, derived from the United Stated Department of Agricultrue Isoerodent 




Maps.  The SEDCAD 4 derived R storm value for the 10-year, 24-hour storm is 21.00.  The 




calculated average annual sediment yield is included Table 6-2. 
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6.0  SEDCAD 4 MODEL RESULTS 




 




6.1 SEDCAD 4 RUNOFF RESULTS  




The Civil Software Design SEDCAD 4 model was used to calculate peak flow and runoff 




volume for the 15 watersheds for 10-year-24-hour storm event in the disturbed condition, 




using the parameters discussed in Section 3.0.  Table 6-1 lists the peak flow and runoff 




volume from each of the drainage areas modeled as 30% of total watershed acreages in the 




bare/disturbed and the remaining 70% of the watershed acreage in the good (greater than 75% 




vegetative cover) condition with all areas located outside the disturbance boundary in 




watersheds modeled as the pre-mining undisturbed condition condition.  The 10-year, 24-




hour runoff volumes were used to design sediment traps, which is discussed in detail in 




Section 7.0.   




 




6.2 SEDCAD SEDIMENTOLOGY RESULTS 




For each of 15 watershed areas, SEDCAD 4 was run for each of the six design scenarios, 




which include:  (1) the undisturbed “baseline” condition, (2) the disturbed (bare) condition, 




(3) the first year of revegetation (poor) growth, (4) the second year of revegetation (fair) 




growth, (5) the third (good) and subsequent years of revegetation growth, and (6) a combined 




30% disturbed (bare) and 70% good (greater than 75% vegetative cover) condition.  




SEDCAD 4 models were run for the 10-year-24-hour storm event for all design scenarios.  




Appendix A contains the output files for the SEDCAD 4 model runs generated. 




 




6.2.1 Baseline Conditions 




The baseline SEDCAD 4 model for each drainage was run using the appropriate input 




parameters for the undisturbed state, as discussed in Sections 3 and 4.  These model runs 




yield baseline estimates of average annual sediment yield for each drainage for the SEDCAD 




4 model.  The results are presented in Table 6-2.   
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6.2.2 Disturbed Conditions 




The disturbed SEDCAD 4 model for each drainage was run using the appropriate input 




parameters for the post-mine topography disturbed (bare soil) state, as discussed in Sections 3 




and 4.  These model runs yield disturbed estimates of average annual sediment yield for each 




drainage for the SEDCAD 4 model.  The results are presented in Table 6-2.  As shown in the 




table, sediment ponds are necessary during operational conditions (final grading) and during 




initial reclamation conditions (soil replacement, soil preparation and seeding) to remove 




sediment from runoff.  All of the 15 drainages’ sediment yields increase due to disturbance of 




the watershed from mining and reclamation activities. 




 




6.2.3 30% Bare and 70% Good Vegetative Conditions 




The 30% bare/70% good vegetative cover condition SEDCAD 4 model for each drainage was 




run using the appropriate input parameters for the 30% of the watershed acreage in a 




bare/disturbed condition with the remaining 70% of the watershed acreage in a good (greater 




than 75% vegetative cover) condition, as discussed in Sections 3 and 4.  These model runs 




yield 30% bare/70% good estimates of average annual sediment yield for each drainage for 




the SEDCAD 4 model.  The results are presented in Table 6-2. 




 




6.2.4 Revegetation Conditions 




The reclaimed SEDCAD 4 model for each drainage was run using the appropriate input 




parameters for the first, second, and third year of revegetation growth, as discussed in 




Sections 3 and 4.  These model runs yield estimates of average annual sediment yield for each 




drainage, which are used to determine how long vegetative cover needs to be established after 




reclamation before BMPs can be removed.  The results are presented in Table 6-2.  
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7.0  OPERATIONAL DRAINAGE AND SEDIMENT CONTROL 




 




Operational drainage control will be established prior to mining during soil salvage and will 




remain in place until final grading is complete and post-mining topography is established.  




All operational drainage control sediment traps have been designed to contain the 10-year, 




24-hour runoff volume and the average annual sediment yield for three years.  Additional 




sizing criteria are as follows. 




 




Sediment traps EP1B, EP1A, EP2A, EP4A, EP6, EP7, EP8, EP9, EP10, EP11, EP12, EP14, 




and EP15 are sized based on: 




 Post-mining drainage acreage and configuration,  




 SEDCAD 4 modeling runoff volume from a 30% bare/disturbed and 70% undisturbed 




(>75% cover) condition with all areas located outside the disturbance boundary 




modeled as the pre-mining undisturbed condition,  




 Three times the average annual sediment volume based on SEDCAD 4 modeling for 




these conditions.   




Sediment traps EP1, EP2, EP3, and EP4 are sized based on: 




 Pre-mining drainage acreage configuration, with the area located west of the proposed 




box cut modeled in the SEDCAD 4 bare soil/disturbed condition,  




 The area east of the box cut modeled in the SEDCAD 4 pre-mining undisturbed 




condition, 




 Three times the average annual sediment volume based on SEDCAD 4 modeling for 




these conditions.   




Sediment traps EP5 and EP13 will be removed in post-mine operations, consequently, these 




sediment traps will be sized for: 




 Pre-mining drainage acreage configuration,  




 SEDCAD modeling runoff volume in the bare soil/disturbed condition,  
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 Three times the average annual sediment volume based on SEDCAD 4 modeling for 




this condition.  




 




Sediment trap EP3A will also be removed during post-mine operations and will therefore be 




sized by combining the area of sediment traps EP1A and EP2A. 




 




7.1 OPERATIONAL SEDIMENT TRAP DESIGN 




7.1.1 Operational 10-Year, 24-Hour Sediment Trap Sizing 




Operational sediment traps are designed to be large enough to contain the 10-year, 24-hour 




storm runoff volume plus three years of average annual sediment yield for the conditions 




listed above.  Table 7-1 provides the total watershed acreages and the required sediment trap 




sizes determined from SEDCAD 4 modeling and the criteria as listed above.  
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TABLE 3-1 





OTTER CREEK MINE - EXHIBIT 315A APPENDIX A 





DRAINAGE AREAS 





 





Drainage 
Pre-Mining 





Drainage Area 
(acres) 





Post-Mining 
Drainage Area 





(acres) 





EP1 249.77 210.18 





EP1A 301.31 209.23 





EP1B 151.86 151.86 





EP2 54.76 36.86 





EP2A 107.62 184.86 





EP3 45.53 62.92 





EP3A 245.88 ---- 





EP4 50.42 77.58 





EP4A 12.63 857.27 





EP5 619.38 ---- 





EP6 168.94 164.66 





EP7 2064.41 2105.59 





EP8 16.43 21.02 





EP9 16.42 35.81 





EP10 69.54 32.03 





EP11 89.50 98.34 





EP12 279.87 252.58 





EP13 1.67 ---- 





EP14 23.93 16.45 





EP15 645.84 779.35 
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TABLE 3-2 





OTTER CREEK MINE - EXHIBIT 315A APPENDIX A 





UNDISTURBED CURVE NUMBERS 





 





  Hydrologic Soil Group 





UNDISTURBED AREAS A B C D 





Agricultural Land (SR+CR good) 64 75 82 85 





Rangeland (poor, <50% cover) 64 75 82 85 





Rangeland (fair, 50-75% cover) 49 69 79 84 





Rangeland (good, >75% cover) 39 61 74 80 





Brush (fair, 50-75% cover) 35 56 70 77 





Woods (poor, <50% cover) 57 73 82 86 





Woods (fair, 50-75% cover) 43 65 76 82 





Woods (good, >75% cover) 32 58 72 79 
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TABLE 3-3 





OTTER CREEK MINE - EXHIBIT 315A APPENDIX A 





DISTURBED AND RECLAIMED CURVE NUMBERS 





 





  HYDROLOGIC SOIL GROUP 





  A B C D 





DISTURBED AREAS 





Bare 77 86 91 94 





RECLAIMED AREAS 





Poor 68 79 86 89 





Fair 49 69 79 84 





Good 39 61 74 80 
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TABLE 3-4 





OTTER CREEK MINE - EXHIBIT 315A APPENDIX A 





WEIGHTED CURVE NUMBERS 





   Disturbed/Reclaimed 





Drainage Undisturbed Bare Poor Fair Good 





EP1 73.10 89.96 84.35 77.65 72.31 





EP1A 73.10 89.96 84.35 77.65 72.31 





EP1B 73.10 89.96 84.35 77.65 72.31 





EP2 71.78 91.59 86.03 79.52 74.34 





EP2A 71.78 91.59 86.03 79.52 74.34 





EP3 63.29 88.55 82.20 73.79 67.07 





EP3A 63.29 88.55 82.20 73.79 67.07 





EP4 62.42 88.15 81.76 73.09 66.21 





EP4A 62.42 88.15 81.76 73.09 66.21 





EP5 67.51 89.63 83.68 75.91 69.83 





EP6 67.59 89.72 84.04 76.27 70.42 





EP7 53.87 68.85 64.38 58.28 53.61 





EP8 62.80 88.08 81.60 72.90 65.94 





EP9 73.49 92.58 87.22 81.33 76.62 





EP10 74.64 92.74 87.43 81.65 77.02 





EP11 69.76 91.03 85.29 78.43 72.95 





EP12 73.15 92.39 86.98 80.97 76.17 





EP13 56.00 86.00 79.00 69.00 61.00 





EP14 66.39 89.67 83.59 75.88 69.72 





EP15 74.18 91.60 86.44 80.37 75.69 
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TABLE 3-5 





OTTER CREEK MINE - EXHIBIT 315A APPENDIX A 





TIME OF CONCENTRATION VALUES 





 
   Disturbed/Reclaimed 





Drainage   Undisturbed Bare Poor Fair Good 





EP1 0.806 0.735 0.849 0.993 1.117 





EP1A 0.442 0.230 0.265 0.309 0.347 





EP1B 0.787 0.451 0.557 0.690 0.804 





EP2 0.800 0.261 0.304 0.356 0.400 





EP2A 0.416 0.228 0.271 0.323 0.367 





EP3 1.233 0.291 0.350 0.436 0.512 





EP3A 1.108 ----  ---- ----  ----  





EP4 0.546 0.726 0.812 0.938 1.051 





EP4A 0.372 0.650 0.736 0.862 0.975 





EP5 1.005  ----  ---- ----  ----  





EP6 1.258 0.239 0.276 0.331 0.375 





EP7 1.808 1.354 1.478 1.667 1.831 





EP8 0.331 0.113 0.137 0.173 0.205 





EP9 0.205 0.165 0.199 0.239 0.272 





EP10 0.387 0.180 0.219 0.262 0.299 





EP11 0.961 0.220 0.259 0.308 0.350 





EP12 0.833 0.323 0.373 0.431 0.480 





EP13 0.293  ----  ----  ----  ---- 





EP14 1.185 0.127 0.159 0.203 0.241 





EP15 1.170 0.957 1.120 1.319 1.481 
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TABLE 4-1 





OTTER CREEK MINE - EXHIBIT 315A APPENDIX A 





WEIGHTED UNDISTURBED K FACTORS 





Pond Weighted K Factor





EP1 0.293 





EP1A 0.293 





EP1B 0.293 





EP2 0.336 





EP2A 0.336 





EP3 0.355 





EP3A 0.355 





EP4 0.359 





EP4A 0.359 





EP5 0.309 





EP6 0.406 





EP7 0.241 





EP8 0.261 





EP9 0.306 





EP10 0.261 





EP11 0.263 





EP12 0.281 





EP13 0.240 





EP14 0.229 





EP15 0.268 
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TABLE 4-2 





OTTER CREEK MINE - EXHIBIT 315A APPENDIX A 





C-FACTORS FOR UNDISTURBED WATERSHEDS 





 





Ag 
(SR+CR Good) 





Range 
(Fair) 





Range 
(Poor) 





Brush 
(Fair) 





Woods 
(Poor) 





Woods 
(Fair) 





Woods 
 (Good) 





0.013 0.07 0.13 0.038 0.09 0.04 0.008 
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TABLE 4-3 





OTTER CREEK MINE - EXHIBIT 315A APPENDIX A 





WEIGHTED UNDISTURBED C FACTORS 





Pond Weighted C-Factor 





EP1 0.050 





EP1A 0.050 





EP1B 0.050 





EP2 0.043 





EP2A 0.043 





EP3 0.039 





EP3A 0.039 





EP4 0.040 





EP4A 0.040 





EP5 0.039 





EP6 0.039 





EP7 0.037 





EP8 0.038 





EP9 0.038 





EP10 0.039 





EP11 0.039 





EP12 0.039 





EP13 0.038 





EP14 0.038 





EP15 0.040 
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TABLE 4-4 
 





OTTER CREEK MINE - EXHIBIT 315A APPENDIX A 





DISTURBED AND RECLAIMED C FACTORS\ 
USED FOR THE SEDCAD MODEL 





 
 C Factor % Ground Cover 





Disturbed 
Bare Soil 0.45 0 





Reclaimed 
1st Yr Revegetation 0.10 40 
2nd Yr Revegetation 0.042 60 
3rd Yr Revegetation 0.013 80 
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TABLE 4-5 
OTTER CREEK MINE - EXHIBIT 315A APPENDIX A 





LS FACTOR PARAMETERS USED IN PRE-MINE SEDCAD 4 MODEL 
 





Drainage Slope (%) Length (Ft) 





EP1 12.32 760





EP1A 12.32 760





EP1B 6.67 750





EP2 14.48 786





EP2A 14.48 786





EP3 11.40 959





EP3A 11.40 959





EP4 10.45 723





EP4A 10.45 723





EP5 20.10 789





EP6 5.91 972





EP7 14.97 847





EP8 4.13 726





EP9 7.85 764





EP10 11.41 656





EP11 11.01 787





EP12 10.92 634





EP13 3.33 450





EP14 11.23 581





EP15 16.38 808
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TABLE 4-6 
 





OTTER CREEK MINE - EXHIBIT 315A APPENDIX A 





LS FACTOR PARAMETERS USED IN POST-MINE 
SEDCAD 4 MODEL 





 
Drainage Slope (%) Length (Ft) 





EP1 7.50 633 





EP1A 6.50 545 





EP1B 6.70 750 





EP2 10.60 495 





EP2A 8.80 534 





EP3 8.30 546 





EP3A   





EP4 9.50 839 





EP4A 10.00 853 





EP5   





EP6 4.80 684 





EP7 10.80 982 





EP8 9.60 331 





EP9 6.70 791 





EP10 9.10 638 





EP11 7.70 688 





EP12 3.70 692 





EP13   





EP14 11.23 581 





EP15 12.60 676 
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TABLE 6-1 





OTTER CREEK MINE - EXHIBIT 315A APPENDIX A 





SEDCAD 4 PREDICTED PEAK FLOWS AND RUNOFF VOLUME 
FROM THE 10-YEAR, 24-HOUR STORMS 





DURING THE 30% BARE/70% GOOD CONDITION 





 





Drainage  Drainage Area 
(acres) 





Peak Flow 10-Yr, 
24-Hr (cfs) 





Runoff Volume 10-Yr, 
24-Hr (acre-ft) 





EP1 210.18 43.16 8.29





EP1A 209.23 72.52 8.32





EP1B 151.86 39.47 5.99





EP2 36.86 14.01 1.66





EP2A 184.86 73.11 8.33





EP3 62.92 15.18 1.97





EP3A ----   





EP4 77.58 12.14 2.31





EP4A 857.27 129.85 23.32





EP5 ---- 0.00 0.00





EP6 164.66 51.31 6.07





EP7 2105.59 14.82 5.93





EP8 21.02 8.04 0.73





EP9 35.81 17.39 1.82





EP10 32.03 15.51 1.65





EP11 98.34 36.59 4.14





EP12 252.58 99.00 12.40





EP13 ----   





EP14 16.45 5.58 0.60





EP15 779.35 152.42 34.00





 



















TABLE 6-2
OTTER CREEK MINE - EXHIBIT 315A APPENDIX A





AVERAGE ANNUAL SEDIMENT YIELD RESULTS FROM SEDCAD 4 MODELS





Drainage
Pre-Mine Area 





(Acres)
Post-Mine Area 





(Acres)





Undisturbed Average 
Annual  Sediment 
(Tons/Acre/ Year) 





Disturbed Bare Soil 
Average Annual  





Sediment 
(Tons/Acre/ Year) 





30% Bare/70% Good 
Soil Average Annual  





Sediment 
(Tons/Acre/ Year) 





1st Year Reclamation 
Average Annual  





Sediment (Tons/Acre/ 
Year) 





2nd Year 
Reclamation Average 





Annual  Sediment 
(Tons/Acre/ Year) 





3rd Year 
Reclamation Average 





Annual  Sediment 
(Tons/Acre/ Year) 





EP1 249.77 210.18 0.64 9.92 8.64 1.39 0.31 0.05
EP1A 301.31 209.23 0.79 10.35 9.02 1.52 0.36 0.06
EP1B 151.86 151.86 0.21 10.70 9.31 23.79 0.33 1.09
EP2 54.76 36.86 0.56 12.35 17.19 2.95 0.72 0.13





EP2A 107.62 184.86 0.75 15.89 13.85 2.37 0.58 0.11
EP3 45.53 62.92 0.10 10.17 8.83 1.37 0.25 0.03





EP3A 245.88 ---- 0.13 ---- ---- ---- ---- ----
EP4 50.42 77.58 0.08 12.46 10.82 1.63 0.28 0.03





EP4A 12.63 857.27 0.06 18.82 16.68 2.98 0.71 0.35
EP5 619.38 ---- 0.77 ---- ---- ---- ---- ----
EP6 168.94 164.66 0.10 8.27 7.19 1.21 0.25 0.04
EP7 2064.41 2105.59 0.03 3.52 3.06 0.83 0.05 0.02
EP8 16.43 21.02 0.02 11.31 9.80 1.27 0.24 0.03
EP9 16.42 35.81 0.23 12.69 11.08 1.95 0.52 0.10
EP10 69.54 32.03 0.47 16.35 14.28 2.52 0.67 0.14
EP11 89.50 98.34 0.21 13.45 11.72 1.98 0.46 0.08
EP12 279.87 252.58 0.37 4.95 4.32 0.75 0.19 0.04
EP13 1.67 ---- 0.00 ---- ---- ---- ---- ----
EP14 23.93 16.45 0.08 20.02 17.41 2.94 0.61 0.09
EP15 645.84 779.35 2.48 33.12 30.81 6.70 2.83 1.94





10_Year, 24-Hour SEDCAD 4 Results - R Annual Method
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TABLE 7-1 





OTTER CREEK MINE - EXHIBIT 315A APPENDIX A 





OPERATIONAL SEDIMENT TRAP SIZING AND MODELING RESULTS 
 





 Drainage Total 
Watershed 





Area (Acres)





10-Yr, 24-Hr Runoff Volume 
+ 3 Times Average Annual 
Sediment Yield (Acre-Feet) 





EP1 551.1 36.09 





EP1A 209.2 9.10 





EP1B 151.9 6.58 





EP2 162.4 10.48 





EP2A 184.9 9.40 





EP3 291.4 7.33 





EP3A 0.0 18.50 





EP4 63.0 4.87 





EP4A 857.2 29.14 





EP5 619.4 8.82 





EP6 164.7 6.56 





EP7 2105.6 8.44 





EP8 21.0 0.82 





EP9 35.8 1.98 





EP10 32.0 1.84 





EP11 98.3 4.62 





EP12 252.6 12.86 





EP13 1.7 0.00 





EP14 16.4 0.72 





EP15 779.4 43.91 
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Otter Creek Mine Exhibit 315A Appendix A
Data Dictionary:
Reference Boundaries
LAYER NAME LAYER DESCRIPTION
_TB-BDR Title Block Border
0 XREF
BR Not Used
CP-SLOPE DART Not Used
DEFPOINTS Not Used
G Not Used
M - Mining Boundary Mine Area
M - PERMIT BOUNDARY Mine Permit Boundary
O Not Used
SECT-LINE Section Lines
SECT-LINE-T Section Numbers
SECT-T-R Township/Range
T
TRACT BOUNDARY Tract Boundaries
TRACT BOUNDARY TEXT Tract Numbers





"M -" stand for Mining layer
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Otter Creek Mine Exhibit 315A Appendix A
Data Dictionary:
2010 High resolution Olympus Topo
LAYER NAME LAYER DESCRIPTION
BLDPRM BUILDINGS-PERMANENT
BLDSPRM BUILDINGS-SEMI-PERM
BRDG BRIDGES
CLVRT CULVERTS
CTLGRD CATTLE GUARDS
CTRIDX INDEX CONTOURS
CTRIDXD INDEX DEPRESSIONS
CTRIDXDO INDEX DEP (OBSCURED)





CTRIDXO INDEX CONTOURS (OBSCURED)





CTRINT INTERMEDIATE CONTOURS
CTRINTD INTERMED DEPRESSIONS
CTRINTDO INTERMED DEPS (OBSCURED)





CTRINTO INTERMED CONTS (OBSCURED)





DAM DAMS, DIKES
DITCH DITCHES-UNLINED
DRAIN DRAINAGES
DRVWAY DRIVEWAYS
DTMBRKLN DTM BREAKLINES
DTMPTS DTM POINTS
FENCE FENCES
GRDLOC GRID LINES OR TICKS
HEADWALL HEADGATE AND WALLS





HIDEIDX
CONTOUR UNDER INDEX 
LABEL





IDXLAB INDEX CONT NUMBERS
LOCHV H/V CONTROL
MSCCTL MISCELLANEOUS CONTROL
PAVED ROADS-ALL SURFACE TYPES
PLPWR POWER POLES
POLE POLES
POST POSTS
RUIN RUINS
SILO SILO
SPTELV SPOT ELEVATIONS
STRUCT STRUCTURES
TANK TANKS
TBLOCK TITLE BLOCK/BORDERS
TEXT TEXT (i.e. Streets, names etc.)
TOWER TOWERS
UNPAVED ROADS OR TRAILS-GRAVEL
WATER STANDING WATER BODIES
WELL WELLS





XREF West Half File Name: 210054-AB
XREF East Half File Name: 210054-CD
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Otter Creek Mine Exhibit 315A Appendix A
Data Dictionary:
Pre Mine Drainages
LAYER NAME LAYER DESCRIPTION
_All Topo (No Sections) Proposed test pit
_SCALEBAR
_TB-BDR title block goes on this layer
_USGS Topo Clipped outside of Tract 
Boundary





24K topo





_VP
viewports go on this layer (will not 
plot)





0 Block References
210054-AB|BLDPRM XREF
210054-AB|BLDSPRM XREF
210054-AB|BRDG XREF
210054-AB|CLVRT XREF
210054-AB|CTLGRD XREF
210054-AB|CTRIDX XREF
210054-AB|CTRIDXD XREF
210054-AB|CTRINT XREF
210054-AB|CTRINTD XREF
210054-AB|DAM XREF
210054-AB|DRAIN XREF
210054-AB|DTMBRKLN XREF
210054-AB|DTMPTS XREF
210054-AB|FENCE XREF
210054-AB|GRDLOC XREF
210054-AB|HIDEIDX XREF
210054-AB|IDXLAB XREF
210054-AB|LOCHV XREF
210054-AB|MSCCTL XREF
210054-AB|ortho XREF
210054-AB|PAVED XREF
210054-AB|PLPWR XREF
210054-AB|POLE XREF
210054-AB|RUIN XREF
210054-AB|SILO XREF
210054-AB|SPTELV XREF
210054-AB|TANK XREF
210054-AB|TRITOWER XREF
210054-AB|UNPAVED XREF
210054-AB|WATER XREF
210054-AB|WELL XREF
210054-CD|BLDPRM XREF
210054-CD|CLVRT XREF
210054-CD|CTLGRD XREF
210054-CD|CTRIDX XREF
210054-CD|CTRIDXD XREF
210054-CD|CTRIDXO XREF
210054-CD|CTRINT XREF
210054-CD|CTRINTD XREF
210054-CD|CTRINTO XREF
210054-CD|DAM XREF
210054-CD|DITCH XREF
210054-CD|DRAIN XREF
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LAYER NAME LAYER DESCRIPTION





210054-CD|DRVWAY XREF
210054-CD|DTMBRKLN XREF
210054-CD|DTMPTS XREF
210054-CD|FENCE XREF
210054-CD|GRDLOC XREF
210054-CD|HEADWALL XREF
210054-CD|HIDEIDX XREF
210054-CD|IDXLAB XREF
210054-CD|LOCHV XREF
210054-CD|MSCCTL XREF
210054-CD|ortho XREF
210054-CD|PAVED XREF
210054-CD|PLPWR XREF
210054-CD|POST XREF
210054-CD|SILO XREF
210054-CD|SPTELV XREF
210054-CD|STRUCT XREF
210054-CD|TANK XREF
210054-CD|UNPAVED XREF
210054-CD|WATER XREF
210054-CD|WELL XREF
DEFPOINTS





G
All thin linework, north arrows, 
scales, and dimensions (includes 
leaders, arrows, callouts)





HB - Otter Creek Basin
HB - Permit Boundary
HB - SW1
HB - SW10
HB - SW11
HB - SW12
HB - SW13
HB - SW14
HB - SW15
HB - SW16
HB - SW17
HB - SW18
HB - SW19
HB - SW1A
HB - SW2
HB - SW20
HB - SW21
HB - SW22
HB - SW23
HB - SW24
HB - SW3
HB - SW4
HB - SW5
HB - SW6
HB - SW7
HB - SW8
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LAYER NAME LAYER DESCRIPTION





HB - SW9
M - DC Culvert Drainage Control Culvert
M - DC Culvert TXT Drainage Control Culvert Text
M - DC Ditch Drainage Control Ditch
M - Facilities
M - Haul Roads
M - Pond Locations
M - RAIL LOOP
M - Spoil





M - Sub Basin for Sediment Modeling





MINE LIMITS
Reference Boundaries|_TB-BDR XREF
Reference Boundaries|BR XREF
Reference Boundaries|CP-SLOPE 
DART





XREF





Reference Boundaries|G XREF
Reference Boundaries|M - Mining 
Boundary





XREF





Reference Boundaries|M - Mining Cuts XREF





Reference Boundaries|M - PERMIT 
BOUNDARY





XREF





Reference Boundaries|O XREF
Reference Boundaries|SECT-LINE XREF
Reference Boundaries|SECT-LINE-T XREF
Reference Boundaries|SECT-T-R XREF
Reference Boundaries|T XREF
Reference Boundaries|TRACT 
BOUNDARY





XREF





Reference Boundaries|TRACT 
BOUNDARY TEXT





XREF





Reference Boundaries|W XREF
TRACT BOUNDARY Tract Boundary Legend





"HB -" stands for Hydrologic Basin
"M -" stands for Mining Layer
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LAYER NAME LAYER DESCRIPTION
_REMOVE Removed Items
_SCALEBAR





_TB‐BDR title block goes on this layer
_USGS Topo Clipped outside of PMT 24K topo





_VP
viewports go on this layer (will not 
plot)





0 Block References
basin‐PMT‐watershed PMT Basins
BR





cont Contours
cont_10 Contours
cont_100 Contours
cont_20 Contours
cont_50 Contours
cont_lbl Contours
CP‐SLOPE DART





DCA_INFO





Defpoints





fg_fl





fg_glim





fl_og





G





M ‐ DC Culvert Drainage Control Culvert
M ‐ DC Ditch Drainage Control Ditch
M ‐ Pond Locations





M ‐ SEDCAD Overland Flow





M ‐ Sub Basin (Post Mine) for 





Sediment Modeling





M ‐ Sub Basin (Pre Mine) for Sediment 





Modeling





M ‐ Sub Basin for Sediment Modeling





MINE LIMITS





O





PROF_INFO





Reference Boundaries|_TB‐BDR XREF
Reference Boundaries|BR XREF





Reference Boundaries|CP‐SLOPE DART XREF





Reference Boundaries|G XREF
Reference Boundaries|M ‐ Mining 





Boundary
XREF





Reference Boundaries|M ‐ Mining 





Cuts
XREF





Reference Boundaries|M ‐ PERMIT 





BOUNDARY
XREF





Reference Boundaries|O XREF
Reference Boundaries|SECT‐LINE XREF
Reference Boundaries|SECT‐LINE‐T XREF
Reference Boundaries|SECT‐T‐R XREF
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LAYER NAME LAYER DESCRIPTION





Reference Boundaries|T XREF
Reference Boundaries|TRACT 





BOUNDARY
XREF





Reference Boundaries|TRACT 





BOUNDARY TEXT
XREF





Reference Boundaries|W XREF
T





TRACT BOUNDARY





W





"M -" stands for Mining Layer
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EXHIBIT 315A - APPENDIX A PONDS AND EMBANKMENTS DRAINAGE 





CONTROL HYDROLOGY AND SEDIMENTOLOGY REPORT 





 





ATTACHMENT A 





SEDCAD 4 OUTPUT FILES 
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EXHIBIT 315A - APPENDIX A PONDS AND EMBANKMENTS DRAINAGE 





CONTROL HYDROLOGY AND SEDIMENTOLOGY REPORT 





 





ATTACHMENT A 





UNDISTURBED BASELINE CONDITION 





10-YEAR, 24-HOUR 
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EXHIBIT 315A - APPENDIX A PONDS AND EMBANKMENTS DRAINAGE 





CONTROL HYDROLOGY AND SEDIMENTOLOGY REPORT 





 





ATTACHMENT A 





POST-MINE BARE CONDITION 





10-YEAR, 24-HOUR  
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EXHIBIT 315A - APPENDIX A PONDS AND EMBANKMENTS DRAINAGE 





CONTROL HYDROLOGY AND SEDIMENTOLOGY REPORT 





 





ATTACHMENT A 





POST-MINE POOR CONDITION 





10-YEAR, 24-HOUR 
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EXHIBIT 315A - APPENDIX A PONDS AND EMBANKMENTS DRAINAGE 





CONTROL HYDROLOGY AND SEDIMENTOLOGY REPORT 





 





ATTACHMENT A 





POST-MINE FAIR CONDITION 





10-YEAR, 24-HOUR 
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EXHIBIT 315A - APPENDIX A PONDS AND EMBANKMENTS DRAINAGE 





CONTROL HYDROLOGY AND SEDIMENTOLOGY REPORT 





 





ATTACHMENT A 





POST-MINE GOOD CONDITION 





10-YEAR, 24-HOUR 
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EXHIBIT 315A - APPENDIX A PONDS AND EMBANKMENTS DRAINAGE 





CONTROL HYDROLOGY AND SEDIMENTOLOGY REPORT 





 





ATTACHMENT A 





POST-MINE 30% AREA BARE CONDITION 





10-YEAR, 24-HOUR 
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EXHIBIT 315A - APPENDIX A PONDS AND EMBANKMENTS DRAINAGE 





CONTROL HYDROLOGY AND SEDIMENTOLOGY REPORT 





 





ATTACHMENT A 





POST-MINE 70% AREA GOOD CONDITION 





10-YEAR, 24-HOUR 
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OTTER CREEK MINE 


17.24.316 STRIP OR UNDERGROUND MINING NEAR UNDERGROUND 


MINING 


17.24.316(1) 


There are no known active or abandoned underground mining operations in the area of the 


application. 
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OTTER CREEK MINE 


17.24.317 DIVERSIONS 


17.24.317(1) 


At the time of initial submittal there are no diversions of stream channels or other diversions 


planned within the permit area.  Any such diversions proposed in the future will be designed and 


constructed to achieve compliance with the Act and ARM 17.24.635 through 17.24.637.  
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OTTER CREEK MINE 


17.24.318 PROTECTION OF PUBLIC PARKS AND HISTORIC PLACES 


17.24.318(1) 


There are no public parks or historic places that may be adversely affected by the proposed 


operations.  Exhibit 318A – Cultural Resources Mitigation, describes the measures to be used to 


mitigate permanent removal of cultural sites identified within the permit area, the timing and 


tracking of these measures relative to the disturbance schedule, and how the approval of the 


department and other agencies will be obtained as required in ARM 17.24.1131.  
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OTTER CREEK MINE 



EXHIBIT 318A – CULTURAL RESOURCES MITIGATION 



 



Exhibit 318A – Cultural Resources Mitigation will be submitted at a later date. 
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OTTER CREEK MINE 


17.24.319 RELOCATION OR USE OF PUBLIC ROADS  


17.24.319(1) 


Otter Creek Coal, LLC (OCC) does not propose conducting the proposed mining activities 


within 100 feet of the right-of-way line of any public road, except where mine access or haul 


roads join that right-of-way.  Where required for public road approaches or crossings, the 


necessary encroachment permits will be obtained from the Montana Department of 


Transportation or Powder River County as appropriate. 


 


17.24.319(2) 


OCC does not propose relocating or closure of a public road.  
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OTTER CREEK MINE 


17.24.320 PLANS FOR DISPOSAL OF EXCESS SPOIL 


There are no plans for disposal of excess spoil.  All spoil generated will be utilized to construct 


the post-mining topography. 
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OTTER CREEK MINE 


17.24.321 TRANSPORTATION FACILITIES PLAN 


17.24.321(1) 


Exhibit 321A – Transportation Facilities contains a description of each road, conveyor, and 


railroad loop to be constructed, used, or maintained within the proposed permit area.  Each 


description addresses the requirements of this subsection appropriate for the type of construction. 


 


17.24.321(2) 


Low water crossings of perennial and intermittent stream channels are not proposed.  In the event 


such a crossing is proposed in the future, prior to construction, plans will be submitted 


demonstrating compliance with ARM 17.24.602, 17.24.631, 17.24.633, 17.24.638, and any other 


applicable rules.  


 


17.24.321(3) 


The plans and drawings for each haul road, access road, conveyor, railroad loop, and low-water 


crossing of perennial and intermittent streams required under (1) and (2) have been prepared by, 


or under the direction of, and certified by a qualified licensed professional engineer with 


experience in the design and construction of such facilities.  The certification states that the 


designs meet the performance standards of ARM 17.24.601, 17.24.602, 17.24.603, 17.24.605, 


and current prudent engineering practices. 


 


17.24.321(4) 


Ramp roads are shown and designated on the map(s) required in (1)(a).  


 





		17.24.321(1)

		17.24.321(2)

		17.24.321(3)

		17.24.321(4)
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OTTER CREEK MINE 



EXHIBIT 321A:  TRANSPORTATION FACILITIES 



1.0 Introduction 



This exhibit addresses the application requirements of ARM 17.24.321, Transportation Facilities 



Plan, and the performance standards of ARM 17.24.601, 602, 603, 605, 607, 608 and 610. 



 



2.0 Road Plan 



The road system is shown on Map 8 – Mine Plan; design information is included on Plate 1 – 



Roads.  Profiles are shown for each road located outside of the mine area. 



 Main Access Road from Highway 484 east across Otter Creek to the mine area and 



facilities area. 



 Facilities Access Road. 



 Access/Haul Road Segment 1 – from Main Access/Facilities Access Roads intersection. 



 Access/Haul Road Segment 2 – from Segments 1 and 3 intersection to Pond 5. 



 Access/Haul Road Segment 3 – from Segments 1 and 2 intersection to Truck Dump. 



 Rail Loop/Silos/Loadout Access Road west from Highway 484. 



 



Typical cross-sections are shown, as are drainage structure locations.  Gradients, cuts and fills 



are shown on the profiles.  Haul road segments 4, 5 and 6 are to be constructed within the mining 



area in spoils, as are Ramps 1, 2 and 3.   



 



Need for geotechnical analysis to support alternative specifications is not anticipated, nor is the 



need to alter or relocate a natural drainageway other than as required for crossings.  Inlets and 



outlets of ditch relief culverts will be protected using excavated traps to capture sediment and 



maintain design flows.   



 



Roads will be reclaimed at the conclusion of mining and reclamation operations by removing 



fills and filling cuts to re-establish approximate original contour, removing surfacing materials, 



ripping the subgrade, replacing soil and revegetating to support the post-mining land use. 
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3.0 Rail Loop 



The rail loop is shown on Map 8 – Mine Plan.  A plan view showing cuts and fills and cross-



sections is included on Plate 2 – Rail Loop. 



 



4.0 Conveyors 



Conveyors are shown on Map 8 – Mine Plan, and Map 9 – Mine Facilities.  There will be two 



overland conveyor runs from the Truck Dump to a transfer station and from the transfer station 



to the Secondary Crusher inside the rail loop.  Overland conveyors will include a service road for 



construction and maintenance.  Maps 8 and 9 show the general arrangement only; final designs 



will be submitted pending review and approval of the general facilities arrangement. 



 



5.0 ARM 17.24.601 General Requirements for Road and Railroad Loop 



Construction 



(1) Roads through permitted areas will not delay or prevent recontouring and revegetation on 



immediately adjacent spoils, unless otherwise approved by the department for documented and 



justified reasons related to the needs of the mining operation or improved reclamation.  



(2) Access and haul roads will be graded, constructed, and maintained according to sound 



engineering and construction practices to incorporate appropriate limits for grade, width, surface 



material, surface-drainage control, culvert placement, and any other design criteria established by 



the Montana Department of Environmental Quality (MDEQ).  



(3) Cut slopes will not be more than 1v:1.5h in unconsolidated materials or 1v:0.25h in rock.  



(4) Temporary erosion-control measures will be utilized as necessary during construction to 



control sedimentation and minimize erosion until permanent control measures can be established.  



(5) All cut and fill slopes will be resoiled and revegetated, or otherwise stabilized, at the first 



seasonal opportunity.  



(6) To the extent possible using the best technology currently available (BTCA), roads and 



railroad loops will not cause damage to fish, wildlife, and related environmental values and will 



not cause additional contributions of suspended solids to streamflow or to runoff outside the 



permit area or otherwise degrade the quantity or quality of surface or ground water.  
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(7) Roads and railroad loops will not be built with or surfaced with waste coal, or acid, acid-



producing, toxic, or toxic-producing materials.  Surface material will consist of scoria and will 



be suitable for the anticipated volume, weight, and speed of traffic.  



(8) Following construction or reconstruction of each haul road, access road, and railroad loop, 



Otter Creek Coal, LLC (OCC) will submit to the department a report, prepared by a qualified 



licensed professional engineer experienced in the design and construction of roads or railroad 



loops, as applicable, stating that the road or railroad loop was constructed or reconstructed in 



accordance with the plan approved pursuant to ARM 17.24.321.  



(9) Application of water as necessary during active use and periodic application of magnesium 



chloride will be employed to prevent loss of road surface material in the form of dust.  



(10) Immediately upon abandonment of any road or railroad loop, the area will be reclaimed in 



accordance with the approved plan.  If necessary, embankment and fill materials will be hauled 



away and disposed of properly.  All bridges and culverts will be removed and natural drainage 



patterns restored.  Adequate measures will be taken to prevent erosion.  



(11) Upon completion of mining and reclamation activities, each road and railroad loop will be 



reclaimed unless retention of the road or railroad loop is part of the approved post-mining land 



use pursuant to ARM 17.24.762 and the landowner requests in writing and the department 



concurs that the road, railroad loop, or specified portion(s) thereof be retained.  In such event, 



necessary maintenance will be assured by OCC or the landowner and drainage of the road or 



railroad loop will be controlled according to the provisions of ARM 17.24.601 through 



17.24.610 while the road or railroad loop is under permit. 



 



6.0 ARM 17.24.602 Location of Roads and Railroad Loops  



(1) The location of a proposed road or railroad loop will be identified on the site by visible 



markings prior to the commencement of construction.  Construction will not proceed along dry 



coulees, or intermittent or perennial drainageways unless it is demonstrated that no off-site 



sedimentation will result and all the requirements of this subchapter are met, or in wet, boggy, 



steep, or unstable areas.  



(2) All roads, insofar as possible, will be located on ridges or on the available flatter and more 



stable slopes to minimize erosion.  Stream fords will not be utilized, except for temporary routes 
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across dry, ephemeral streams that are specifically approved by the department.  Other stream 



crossings will be made using bridges, culverts or other structures designed and constructed to 



meet the requirements of this section.  Roads will not be located in stream channels or be 



constructed or maintained in a manner that increases erosion or causes significant sedimentation 



or flooding.  



 



7.0 ARM 17.24.603 Road and Railroad Loop Embankments  



(1) After soil is salvaged from embankment areas pursuant to ARM 17.24.701 through 



17.24.703, all organic material will be removed from the embankment foundation to increase 



stability.  



(2) All material used in embankments will be suitable for the intended use.  The material will be 



free of organic matter, coaly or carbonaceous material, wet or frozen materials, and any other 



material considered unsuitable by the department for use in embankment construction.  



(3) Embankment layers will be compacted as necessary to ensure that the embankment is 



adequate to support the anticipated volume, weight, and speed of vehicles to be used.  



(4) Road and railroad loop embankments will have a minimum static safety factor of 1.3 under 



any condition of loading likely to occur, or such higher factor as the department determines to be 



reasonably necessary for safety or protection of property.  



(5) Any embankment that impounds water as part of the sediment control plan will be designed 



and constructed in accordance with ARM 17.24.639. 



 



8.0 ARM 17.24.605 Hydrologic Impact of Roads and Railroad Loops  



(1) Access and haul roads and railroad loops and associated bridges, culverts, ditches, and road 



rights-of-way will be constructed, maintained, and reclaimed to prevent additional contributions 



of suspended solids to streamflow, diversions, or to runoff outside the permit area to the extent 



possible, using the BTCA.  



(2) Drainage ditches will be placed at the toe of all cut slopes formed by the construction of 



roads.  Drainage structures will be constructed to cross a stream channel and will not affect the 



flow or sediment load of the stream unless otherwise approved by the department in writing for a 



site-specific situation.  
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(3) Railroad loops and all roads except ramp roads will be adequately drained using structures 



such as, but not limited to, ditches, water barriers, cross-drains, ditch-relief drainages, culverts, 



and bridges.  



(4) For railroad loops and for roads that are to be maintained for more than six months and for all 



roads used to haul coal or spoil (excluding ramp roads) or to be retained for the post-mining land 



use, water-control structures will be designed with a discharge capacity capable of safely passing 



the peak runoff from a 10-year, 24-hour precipitation event or greater event as specified by the 



department.  



(5) Bridges with a span of 30 feet or less will be designed to safely pass a 25-year, 24-hour 



precipitation event.  All other bridges will be designed to safely pass the 100-year, 24-hour 



precipitation event or greater event as specified by the department.  



(6) Drainage pipes and culverts will be constructed to avoid plugging or collapse and erosion at 



inlets and outlets.  Culverts will be designed, constructed, and maintained to sustain the vertical 



soil pressure, the passive resistance of the foundation, and the weight of vehicles to be used.  



(7) Natural channel drainageways will not be altered or relocated for road or railroad loop 



construction or reconstruction without the prior approval of the department in accordance with 



this subsection and ARM 17.24.635 through 17.24.637.  



(8) Drainage structures will be utilized for stream channel crossings. Drainage structures will not 



affect the normal flow or gradient of the stream or adversely affect fish migration and aquatic 



habitat or related environmental values.  Riprap may be used for roads where an ephemeral 



channel is too shallow for placement of a culvert.  



(9) Vegetation will not be cleared for more than the width necessary for road, railroad loop, and 



associated ditch construction, to serve traffic needs, and for utilities. 
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9.0 ARM 17.24.607 Maintenance of Roads and Railroad Loops  



(1) All roads will be routinely maintained by means such as, but not limited to, wetting, scraping 



or surfacing, and replacement of paving materials, such that the required design standards of the 



roads are met throughout the life of the operation.  



(2) Ditches, culverts, drains, trash racks, debris basins and other structures serving to drain roads 



and railroad loops will not be restricted or blocked in any manner that impedes drainage or 



adversely affects the intended purpose of the structure unless the department determines that:  



(a) OCC cannot maintain structures indicated in (2) above due to wet field conditions;  



(b) obstructions to these structures will not result in environmental damage or imminent harm to 



the health and safety of the public; and  



(c) runoff and sediment are contained in accordance with the approved drainage control plan.  



(3) Roads and railroad loops severely damaged by events such as floods, earthquakes, or 



equipment damage will be reconstructed or reclaimed as soon as practicable after the damage has 



occurred. 



 



10.0 ARM 17.24.608 Impacts of Other Transport Facilities  



Other transportation facilities within the area of land affected, including railroad spurs, sidings, 



surface conveyor systems, chutes, aerial tramways, pipelines, power lines, and other transport 



facilities will be designed, constructed, reconstructed, maintained, and reclaimed to:  



(1) control and minimize diminution or degradation of water quality and quantity;  



(2) control and minimize air pollution;  



(3) prevent damage to public and private property; and  



(4) prevent, to the extent possible using the BTCA:  



(a) damage to fish, wildlife, and related environmental values; and  



(b) additional contributions of suspended solids to streamflow or runoff outside the permit area. 



Any such contributions will not be in excess of limitations of state or federal law. 
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11.0 ARM 17.24.610 Permanent Roads 



(1) Permanent roads approved as a part of the post-mining land use will be designed and built to 



minimize maintenance needs and to provide maximum control of erosion through ditching, 



seeding, and other appropriate measures approved by the department. 








			1.0 Introduction


			2.0 Road Plan


			3.0 Rail Loop


			4.0 Conveyors


			5.0 ARM 17.24.601 General Requirements for Road and Railroad Loop Construction


			6.0 ARM 17.24.602 Location of Roads and Railroad Loops


			7.0 ARM 17.24.603 Road and Railroad Loop Embankments


			8.0 ARM 17.24.605 Hydrologic Impact of Roads and Railroad Loops


			9.0 ARM 17.24.607 Maintenance of Roads and Railroad Loops


			10.0 ARM 17.24.608 Impacts of Other Transport Facilities


			11.0 ARM 17.24.610 Permanent Roads
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OTTER CREEK MINE 


17.24.322 GEOLOGIC INFORMATION AND COAL CONSERVATION 


PLAN 


17.24.322(1) 


Exhibit 322A – Coal Conservation Plan addresses the requirements of this section.  


 


17.24.322(2) 


Exhibit 322A – Coal Conservation Plan includes or references:  


 


17.24.322(2)(a) 


The results of all test borings, evaluations, observations, and analyses, including the following:  


(i) A narrative interpretation of the results of all test borings or core samplings conducted on the 


area to be mined or otherwise affected, including the nature, depth, and thickness of all known 


strata, overburden, and all coal seams encountered.  


(ii) A narrative identifying the total reserves in the permit area with a description of the method 


of calculation.  


(iii) Geologic cross-sections accurately depicting the known geologic makeup beneath the 


surface of the area to be mined or otherwise affected.  The cross-sections depict the thickness 


and geological character of all known strata, beginning with the soil and including the stratum 


immediately below the lowest of all the potentially economically minable coal seams or the 


stratum containing any aquifer below this seam that may be adversely impacted by mining, 


whichever is deeper.  Please refer to Map 16 – Geologic Cross-Sections, Baseline Report 304F – 


Lithologic Logs, and Baseline Report 304G – Geophysical Logs.   


(iv) Map 16 – Drill Hole Locations shows elevations and locations of test borings and coal 


sampling.  


(v) Isopach maps of overburden, interburden, and the Knobloch coal seam(s) are included as 


Maps 17A – E – Isopach Maps.  
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(vi) An analysis and summary of the chemical properties of all coal seams to be disturbed 


including the content of sulfur (organic and inorganic), trace mineral elements, sodium (as 


Na
2
O), moisture, and ash as well as the British thermal unit (BTU) content per pound.  


(vii) All coal crop lines and the strike and dip of the coal to be mined within the proposed mine 


plan area are shown on Map 18 – Knobloch Coal Limits and Bottom Structure.  


(viii) There are no known workings of active, inactive, or abandoned underground mines, 


including mine openings to the surface within the proposed mine plan and adjacent areas.  


(ix) There are no previously strip mined areas within the proposed mine plan area.  


 


17.24.322(2)(b) 


Exhibit 322A – Coal Conservation Plan includes a description of the location, quantity, and 


quality of all coal to be left unmined, accompanied by a detailed explanation of the reasons why 


the coal will not be mined.  This explanation includes coal that is to be left unmined in order to 


comply with the Act as well as that coal which is to be left unmined because of the method of 


operation or because the coal is not minable or marketable.  Map 19 – Coal Recovery Map shows 


coal to be mined and left in place.  


 


17.24.322(2)(c) 


Coal fenders are not planned.   


 


17.24.322(3) 


No response required. 
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OTTER CREEK COAL 



EXHIBIT 322A:  COAL CONSERVATION 



1.0 Introduction 



This exhibit addresses the requirements of ARM 17.24.322(2), which prescribes the 



requirements for a coal conservation plan.  The performance standards of ARM 17.24.523 and 



763 are addressed. 



 



2.0 Geologic Information 



Fifty-five stratigraphic and core holes were drilled in the prospective mining area of Tract 2.  



Drill hole locations are shown on Map 15 - Drill Hole Locations; lithologic logs and geophysical 



logs are in Baseline Reports 304F and 304G, respectively.  Analysis data for overburden samples 



are included in Baseline Report 304H.  Geologic cross-sections are included as Map 16 - 



Geologic Cross Sections. 



 



Geologic information required by ARM 17.24.322(2)(a) is addressed below. 



 



2.1 Stratigraphy 



The only coal seam of economic interest on the Otter Creek coal tracts is the Knobloch coal 



seam.  The Knobloch ranges from 59 to 72 feet in thickness; the typical coal thickness on Tract 2 



is 70 feet.  In the prospective mining area, the Knobloch is present as a single seam in 



approximately the northern half.  In the southern half the seam splits into the “Upper” and 



“Lower” Knobloch with a parting trending to 60 feet or greater at the southern mining limit.  In 



this area the Upper Knobloch (UK) splits again forming the Lower Upper Knobloch (LUK), the 



Upper Upper Knobloch (UUK) and two additional minor splits. Splitting and thinning of the 



seam(s) in the extreme south of Tract 2 precludes economic mining in this area.  In addition, the 



Upper Knobloch is burned out in much of the southern part of Tract 2.   



 



The coal seam is generally flat lying with an upward structural trend to the south in the area of 



the splits.  There is a structural low at about the center of Tract 2, with a gentle upward trend to 



the North.  Structure on the bottom of the Knobloch seam is shown on Plate 1. 
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The Knobloch is burned out in the northwestern portion of Tract 2 (Section 10), with an area of 



partial burn to the south adjacent to Otter Creek in Section 15.  Tracts 1 and 3 also have 



significant areas of burn along Otter Creek and its tributaries Threemile and Home Creeks. 



 



At higher elevations scoria remnants indicate additional coal seams which are probably thin and 



of poor quality.  There are no drill holes at the higher elevations due to lack of vehicle access 



without substantial road building. 



 



On Tract 2, overburden thickness ranges from 90 feet to more than 400 feet at higher elevations 



adjacent to the Custer National Forest (CNF) to the east as shown on Plate 2.  The economic 



mining limit generally is about 250 feet of overburden, although small areas of higher 



overburden are included in the mine plan to square it up and maximize recovery.  The 



overburden is primarily composed of siltstone/shale/ mudstone, with discontinuous sandstone 



zones in some areas.  The underburden is typically a shale or mudstone. 



 



2.2 Coal Reserves 



Total coal reserves in the permit area are estimated at 654 million tons based on geologic 



modeling using Mincom software.  Of this total, 330 million tons are within the planned mining 



area.   



 



2.3 Geologic Cross-Sections 



Geologic cross-sections are shown on Map 16.  The cross-sections depict the geologic makeup 



beneath the surface of the area of the Otter Creek coal tracts, including the area to be mined.  The 



thickness and geological character of all known strata is represented, from the surface to the 



underburden. 



 



2.4 Test Borings 



Elevations and locations of drill holes are shown on Map 15 - Drill Hole Locations. 



 



2.5 Isopach Maps 



An isopach map of the overburden is included as Plate 2.  Additional isopach maps of the 



Knobloch, interburden or underburden are available upon request. 
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2.6 Coal Quality 



The Knobloch coal on Tract 2 is a very low sulfur subbituminous C rank coal.  Overall 



proximate analysis is 27.4 percent moisture, 6.0 percent ash, 0.18 percent sulfur and 8686 Btu/lb, 



and is reasonably consistent.  Sodium oxide content of ash is variable and averages 8.29 percent.  



Table 1 shows quality by seam including short proximate, sodium oxide content of ash, forms of 



sulfur and trace elements. 



 



2.7 Crop Lines 



There are no crop lines; the Knobloch coal partially subcrops along and under portions of the 



Otter Creek and Threemile Creek valleys where the coal is not burned.  Burn lines and structure 



are shown on Plate 1. 



 



2.8 Abandoned Mines 



There are no known workings of active, inactive or abandoned underground mines or previously 



strip mined areas in or near the proposed mine plan, or anywhere on the Otter Creek coal tracts. 



 



3.0 Coal Recovery 



Plate 3 shows the mining area and the locations and quantities of coal to be left unmined within 



the permit area, and the reasons why the coal will not be mined.  The reasons for non-recovery 



and the tonnages of coal involved are discussed below. 



 



3.1 Hydrologic Balance Protection  



Coal in polygons 1-10 on Plate 3 will be left in place for hydrologic protection in order to 



comply with the Act.  The mine plan incorporates a barrier of unmined coal to be left in place 



along the valleys of Otter Creek and Threemile Creek, and along the burn line.  The purpose is 



two-fold:   



 To moderate back flow of ground water from the alluvium and clinker into the pit, 



thereby minimizing temporary water level draw downs and pit dewatering requirements.  



 •To moderate flow of ground water from the replaced spoils to the alluvium and clinker 



after mining and reclamation is complete and ground water is re-established in the mined 



area.   
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The amount of coal affected is an estimated 131.7 million tons in place, or 118.6 million 



potentially recoverable tons.  It should be noted that along the alluvial subcrop and burn lines the 



coal is likely oxidized, so much of the coal affected would be of substandard quality. 



 



3.2 Custer National Forest/High Overburden 



The east boundary of Tract 2 abuts the CNF, and a minimum buffer zone of 100 feet must be 



maintained.  This buffer zone applies to surface disturbance. When the buffer limit is projected 



down to the top of the coal following the final highwall configuration a larger area of coal is 



excluded from mining.  This is also a very high overburden area, most of which exceeds the 



economic overburden limit of 250 feet, or an in-place ratio of approximately 3.5bcy:ton.  



Polygons 11 and 12 fall into this category; approximately 75.7 million tons in place, or 68.1 



potentially recoverable tons are so affected.   



 



3.3 Probable Washout, Burn and Coal Split 



Polygons 13-15 lie along Otter Creek in an area where the Upper Knobloch is burned, washouts 



are probable along the creek margin, and the Upper Knobloch splits.  The estimate of 10.2 



million tons in place (9.2 million tons potentially recoverable) probably is high due to 



uncertainty of subsurface conditions.  This area would not be mineable due to hydrologic 



protection considerations in any case.  



 



3.4 High Overburden/Coal Splits 



Polygon 16 lies along the southern limit of the mine plan in the area where the Upper Knobloch 



splits into four separate seams, two of which are quite thin.  Much of this area has high 



overburden, and it also lies along the CNF boundary.  The amount of coal affected is an 



estimated 42.8 million tons in place, or 38.5 million potentially recoverable tons.  The recovery 



factor of 90 % almost certainly would be overestimated in this area due to the multiple splits. 



 



3.5 Rail Loop 



The rail loop location is problematic due to the lack of available options outside of the coal 



reserve.  It is to be located in the west half of Section 9 in Tract 3.  An estimated 22.3 million 



tons of coal in place (20.1 million tons potentially recoverable) are affected. 
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4.0 Coal Fenders 



Coal fenders for ground control are not planned.  A rib will be left along the low wall as the coal 



is loaded, but this coal will be recovered to the extent possible, consistent with quality and safety 



objectives, when retreating from the empty pit. 



 



 5.0 ARM 17.24.523 Coal Fires and Coal Conservation 



(1) Coal fires in coal processing wastes, storage piles and bins, or unmined or waste coal in mine 



pits will be extinguished in accordance with a plan approved by the MDEQ and the Mine Safety 



and Health Administration.  The plan will contain, at a minimum, provisions to ensure that only 



those persons authorized by the operator and who have an understanding of the procedures to be 



used are involved in the extinguishing operations.  



 



(2) The mining operation will be conducted to prevent failure to conserve coal, utilizing the best 



technology currently available to maintain appropriate environmental protection as described in 



this coal conservation plan. 



 



6.0 ARM 17.24.763 Coal Conservation 



(1) Mining operations will be conducted to prevent failure to conserve coal, utilizing the best 



technology currently available to maintain environmental integrity as described in this coal 



conservation plan. 
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TABLE 1
OTTER CREEK MINE - EXHIBIT 322A




COAL QUALITY - AVERAGE BY SEAM




As-Shipped As-Received
SEAM Proximate % OF ASH SULFUR FORMS




MOIST ASH BTUS SULFUR NA2O PYRITIC ORGANIC




Knobloch 27.14         5.63         8,760       0.16         9.00          0.02            0.15            




Lower Knobloch 27.74         7.33         8,489       0.28         6.00          0.02            0.27            
(LK)




Lower Upper Knobloch 28.70         7.38         8,301       0.15         5.76          0.01            0.15            
(LUK)




Upper Knobloch 27.59         5.73         8,691       0.17         8.30          0.04            0.15            
(UK)




Upper Upper Knobloch 28.36         6.81         8,410       0.18         7.44          0.03            0.18            
(UUK)




ALL 27.41 5.96 8,686       0.18 8.28 0.02 0.17
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Otter Creek Mine Exhibit 322A
Data Dictionary:
Reference Boundaries
LAYER NAME LAYER DESCRIPTION
_TB-BDR Title Block Border
0 XREF
BR Not Used
CP-SLOPE DART Not Used
DEFPOINTS Not Used
G Not Used
M - Mining Boundary Mine Area
M - PERMIT BOUNDARY Mine Permit Boundary
O Not Used
SECT-LINE Section Lines
SECT-LINE-T Section Numbers
SECT-T-R Township/Range
T
TRACT BOUNDARY Tract Boundaries
TRACT BOUNDARY TEXT Tract Numbers




"M -" stand for Mining layer




322A Data Dictionary.xlsxReference Boundary Page 1 of 11 7/24/2012















Otter Creek Mine Exhibit 322A
Data Dictionary:
2010 High resolution Olympus Topo
LAYER NAME LAYER DESCRIPTION
BLDPRM BUILDINGS-PERMANENT
BLDSPRM BUILDINGS-SEMI-PERM
BRDG BRIDGES
CLVRT CULVERTS
CTLGRD CATTLE GUARDS
CTRIDX INDEX CONTOURS
CTRIDXD INDEX DEPRESSIONS
CTRIDXDO INDEX DEP (OBSCURED)




CTRIDXO
INDEX CONTOURS 
(OBSCURED)




CTRINT INTERMEDIATE CONTOURS
CTRINTD INTERMED DEPRESSIONS
CTRINTDO INTERMED DEPS (OBSCURED)




CTRINTO INTERMED CONTS (OBSCURED)




DAM DAMS, DIKES
DITCH DITCHES-UNLINED
DRAIN DRAINAGES
DRVWAY DRIVEWAYS
DTMBRKLN DTM BREAKLINES
DTMPTS DTM POINTS
FENCE FENCES
GRDLOC GRID LINES OR TICKS
HEADWALL HEADGATE AND WALLS




HIDEIDX
CONTOUR UNDER INDEX 
LABEL




IDXLAB INDEX CONT NUMBERS
LOCHV H/V CONTROL
MSCCTL MISCELLANEOUS CONTROL
PAVED ROADS-ALL SURFACE TYPES
PLPWR POWER POLES
POLE POLES
POST POSTS
RUIN RUINS
SILO SILO
SPTELV SPOT ELEVATIONS
STRUCT STRUCTURES
TANK TANKS
TBLOCK TITLE BLOCK/BORDERS
TEXT TEXT (i.e. Streets, names etc.)
TOWER TOWERS
UNPAVED ROADS OR TRAILS-GRAVEL
WATER STANDING WATER BODIES
WELL WELLS




XREF West Half File Name: 210054-AB
XREF East Half File Name: 210054-CD
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Otter Creek Mine Exhibit 322A
Data Dictionary:
Knobloch Coal Thickness
LAYER NAME LAYER DESCRIPTION
_Image
_TB-BDR
_USGS Topo Clipped outside of Tract 
Boundary




24K Topo




0 Block Reference
210054-AB|BLDPRM XREF
210054-AB|BLDSPRM XREF
210054-AB|BRDG XREF
210054-AB|CLVRT XREF
210054-AB|CTLGRD XREF
210054-AB|CTRIDX XREF
210054-AB|CTRIDXD XREF
210054-AB|CTRINT XREF
210054-AB|CTRINTD XREF
210054-AB|DAM XREF
210054-AB|DRAIN XREF
210054-AB|DTMBRKLN XREF
210054-AB|DTMPTS XREF
210054-AB|FENCE XREF
210054-AB|GRDLOC XREF
210054-AB|HIDEIDX XREF
210054-AB|IDXLAB XREF
210054-AB|LOCHV XREF
210054-AB|MSCCTL XREF
210054-AB|ortho XREF
210054-AB|PAVED XREF
210054-AB|PLPWR XREF
210054-AB|POLE XREF
210054-AB|RUIN XREF
210054-AB|SILO XREF
210054-AB|SPTELV XREF
210054-AB|TANK XREF
210054-AB|TRITOWER XREF
210054-AB|UNPAVED XREF
210054-AB|WATER XREF
210054-AB|WELL XREF
210054-CD|BLDPRM XREF
210054-CD|CLVRT XREF
210054-CD|CTLGRD XREF
210054-CD|CTRIDX XREF
210054-CD|CTRIDXD XREF
210054-CD|CTRIDXO XREF
210054-CD|CTRINT XREF
210054-CD|CTRINTD XREF
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Otter Creek Mine Exhibit 322A
Data Dictionary:
Knobloch Coal Thickness
LAYER NAME LAYER DESCRIPTION




210054-CD|CTRINTO XREF
210054-CD|DAM XREF
210054-CD|DITCH XREF
210054-CD|DRAIN XREF
210054-CD|DRVWAY XREF
210054-CD|DTMBRKLN XREF
210054-CD|DTMPTS XREF
210054-CD|FENCE XREF
210054-CD|GRDLOC XREF
210054-CD|HEADWALL XREF
210054-CD|HIDEIDX XREF
210054-CD|IDXLAB XREF
210054-CD|LOCHV XREF
210054-CD|MSCCTL XREF
210054-CD|ortho XREF
210054-CD|PAVED XREF
210054-CD|PLPWR XREF
210054-CD|POST XREF
210054-CD|SILO XREF
210054-CD|SPTELV XREF
210054-CD|STRUCT XREF
210054-CD|TANK XREF
210054-CD|UNPAVED XREF
210054-CD|WATER XREF
210054-CD|WELL XREF
BORDER
CONT Contours
COORDS
DEFPOINTS
DH_LEGEND Drill Hole Legend
GNPBURNHATCH Clinker
Hatch 141 Hatching
Hatch 150 Hatching
Hatch 165 Hatching
Hatch 171 Hatching
Hatch 195 Hatching
Hatch 210 Hatching
Hatch 225 Hatching
Hatch 23 Hatching
Hatch 240 Hatching
Hatch 45 Hatching
Hatch 53 Hatching
Hatch 60 Hatching
Hatch 68 Hatching
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Otter Creek Mine Exhibit 322A
Data Dictionary:
Knobloch Coal Thickness
LAYER NAME LAYER DESCRIPTION




Hatch 75 Hatching
Hatch Blue Hatching
M - PERMIT BOUNDARY Permit Boundary (legend)
POST_SEAM_THL
PRE_RIO_DHs
Reference Boundaries|_TB-BDR XREF
Reference Boundaries|BR XREF
Reference Boundaries|CP-SLOPE 
DART




XREF




Reference Boundaries|G XREF
Reference Boundaries|M - Mining 
Boundary




XREF




Reference Boundaries|M - Mining Cuts XREF




Reference Boundaries|M - PERMIT 
BOUNDARY




XREF




Reference Boundaries|O XREF
Reference Boundaries|SECT-LINE XREF
Reference Boundaries|SECT-LINE-T XREF
Reference Boundaries|SECT-T-R XREF
Reference Boundaries|T XREF
Reference Boundaries|TRACT 
BOUNDARY




XREF




Reference Boundaries|TRACT 
BOUNDARY TEXT




XREF




Reference Boundaries|W XREF
RIO_2004_DHs 2004 Drill Holes
SEAM_LEG
SHADE Shade Boundaries
SOPER_SEC_LINES Not Used
SPLIT_UK_LK Knobloch Coal Seam Split
SPLIT_UK1_UK2 Knobloch Coal Seam Split
STREAMS
T-BLOCK
TITLE
TRACT BOUNDARY
TRACT_123
TRACT_123_LEG
VIEWPORT
WEIR_MINE_PLAN
WEIR_PLAN_LEG
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Otter Creek Mine Exhibit 322A
Data Dictionary:
Overburden Isopach
LAYER NAME LAYER DESCRIPTION
_TB-BDR
_VP View Port




0 Block Reference
3DM-3DVOL-ALLKOB Grid 
Contours 10 TO 250
3DM-3DVOL-ALLKOB Grid 
Contours 300 TO 600
3DM-TRACT2-ALLKOB Grid Shade 
Contours
3DM-TRACT2-ALLKOB Grid Shade 
Contours Legend
3DM-TRACT2-Borehole locations K 
SEAM
3DM-TRACT2-Borehole locations UK 
SEAM
3DM-TRACT2-Borehole locations 
UUK SEAM
3DM-TRACT2-LKSF DHS
ANTIC
BORDER
BURN AREA LEGEND
Burn_LUK_and_above
Burn_MUKL_and_above
Burn_or_Erosion_All_Coal
CLINES
Coal_Eroded
Defpoints
grid_outline
LEASE-BOUNDARY
LEASE-OLD
LEGEND_TEXT
LOGO
M - Mining Boundary
M - PERMIT BOUNDARY
Reference Boundaries|_TB-BDR XREF
Reference Boundaries|BR XREF
Reference Boundaries|CP-SLOPE 
DART




XREF




Reference Boundaries|G XREF
Reference Boundaries|M - Mining 
Boundary




XREF




Reference Boundaries|M - Mining Cuts XREF
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Otter Creek Mine Exhibit 322A
Data Dictionary:
Overburden Isopach
LAYER NAME LAYER DESCRIPTION




Reference Boundaries|M - PERMIT 
BOUNDARY




XREF




Reference Boundaries|O XREF
Reference Boundaries|SECT-LINE XREF
Reference Boundaries|SECT-LINE-T XREF
Reference Boundaries|SECT-T-R XREF
Reference Boundaries|T XREF
Reference Boundaries|TRACT 
BOUNDARY




XREF




Reference Boundaries|TRACT 
BOUNDARY TEXT




XREF




Reference Boundaries|W XREF
ROAD-OTHER
S-FILL
Special Legend Distys
SYNC
T-BLOCK
TRACT BOUNDARY
WATER-H
WATER-INT
WATER-PER
WATER-T
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Otter Creek Mine Exhibit 322A
Data Dictionary:
Coal Recovery Map
LAYER NAME LAYER DESCRIPTION
_ENG‐STMP Engineering Stamp
_PRELIM




_TB‐BDR




_TB‐DWG




_TB‐SHEET




_USGS Topo Clipped outside of Tract 




Boundary
24K Topo




_VP Viewport
0 Block Reference




210054‐AB|BLDPRM XREF
210054‐AB|BLDSPRM XREF
210054‐AB|BRDG XREF
210054‐AB|CLVRT XREF
210054‐AB|CTLGRD XREF
210054‐AB|CTRIDX XREF
210054‐AB|CTRIDXD XREF
210054‐AB|CTRINT XREF
210054‐AB|CTRINTD XREF
210054‐AB|DAM XREF
210054‐AB|DRAIN XREF
210054‐AB|DTMBRKLN XREF
210054‐AB|DTMPTS XREF
210054‐AB|FENCE XREF
210054‐AB|GRDLOC XREF
210054‐AB|HIDEIDX XREF
210054‐AB|IDXLAB XREF
210054‐AB|LOCHV XREF
210054‐AB|MSCCTL XREF
210054‐AB|ortho XREF
210054‐AB|PAVED XREF
210054‐AB|PLPWR XREF
210054‐AB|POLE XREF
210054‐AB|RUIN XREF
210054‐AB|SILO XREF
210054‐AB|SPTELV XREF
210054‐AB|TANK XREF
210054‐AB|TRITOWER XREF
210054‐AB|UNPAVED XREF
210054‐AB|WATER XREF
210054‐AB|WELL XREF
210054‐CD|BLDPRM XREF
210054‐CD|CLVRT XREF
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210054‐CD|CTLGRD XREF
210054‐CD|CTRIDX XREF
210054‐CD|CTRIDXD XREF
210054‐CD|CTRIDXO XREF
210054‐CD|CTRINT XREF
210054‐CD|CTRINTD XREF
210054‐CD|CTRINTO XREF
210054‐CD|DAM XREF
210054‐CD|DITCH XREF
210054‐CD|DRAIN XREF
210054‐CD|DRVWAY XREF
210054‐CD|DTMBRKLN XREF
210054‐CD|DTMPTS XREF
210054‐CD|FENCE XREF
210054‐CD|GRDLOC XREF
210054‐CD|HEADWALL XREF
210054‐CD|HIDEIDX XREF
210054‐CD|IDXLAB XREF
210054‐CD|LOCHV XREF
210054‐CD|MSCCTL XREF
210054‐CD|ortho XREF
210054‐CD|PAVED XREF
210054‐CD|PLPWR XREF
210054‐CD|POST XREF
210054‐CD|SILO XREF
210054‐CD|SPTELV XREF
210054‐CD|STRUCT XREF
210054‐CD|TANK XREF
210054‐CD|UNPAVED XREF
210054‐CD|WATER XREF
210054‐CD|WELL XREF
BORDER




BR




contacts




CP‐SLOPE DART




CTRIDX




CTRINT




DCA_INFO




Defpoints




DP




DRAIN




DRAIN TXT
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G




GP‐TXT




H ‐ SEDCAD Not Used
Hole_Completed_Previous Reporting 




Period




Hole_Completed_Previous Reporting 




Period_Text




M ‐ Burn Line




M ‐ Coal Recovery Area Text




M ‐ Coal Recovery Areas




M ‐ Mining Boundary




M ‐ Mining Cuts




M ‐ Mining Cuts Boundary




M ‐ PERMIT BOUNDARY




O




PROF_INFO




Reference Boundaries|_TB‐BDR XREF
Reference Boundaries|BR XREF




Reference Boundaries|CP‐SLOPE DART
XREF




Reference Boundaries|G XREF
Reference Boundaries|M ‐ Mining 




Boundary XREF




Reference Boundaries|M ‐ Mining Cuts
XREF




Reference Boundaries|M ‐ PERMIT 




BOUNDARY XREF
Reference Boundaries|O XREF
Reference Boundaries|SECT‐LINE XREF
Reference Boundaries|SECT‐LINE‐T XREF
Reference Boundaries|SECT‐T‐R XREF
Reference Boundaries|T XREF
Reference Boundaries|TRACT 




BOUNDARY XREF
Reference Boundaries|TRACT 




BOUNDARY TEXT XREF
Reference Boundaries|W XREF
SA Brewer Ernest E & Humphreys CA Not Used
SECT‐LINE




SECT‐LINE‐T




SECT‐T‐R




SPLIT_UK_LK (Lincoln)
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SPLIT_UK_LK (WEIR)




SPLIT_UK1_UK2 (Lincoln)




SPLIT_UK1_UK2 (WEIR)




T




T‐BLOCK




TEXT




TRACT BOUNDARY




TRACT BOUNDARY TEXT




UNPAVED




VIEWPORT




W




"M -" Stands for Mine Layer
"H -" Stands for Hydrology Layer
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OTTER CREEK MINE 


17.24.324 PRIME FARMLANDS: SPECIAL APPLICATION 


REQUIREMENTS 


17.24.324(1) 


If land within the proposed permit area is identified as prime farmland under ARM 17.24.306, 


Otter Creek Coal, LLC will submit a plan for the mining and restoration of the land. Each plan 


will contain the following as applicable:  


(a) the soil survey requirements listed under ARM 17.24.304(11), and also including:  


(i) a description of the mapping unit(s) containing each prime farmland soil;  


(ii) the depth and thickness of each of the soil horizons that collectively constitute the root zone 


of the locally adapted crops; and  


(iii) the bulk densities of each soil horizon for each prime farmland soil;  


(b) the proposed method and type of equipment to be used for removal, storage, and replacement 


of the soil in accordance with ARM 17.24.811;  


(c) the location of areas to be used for the separate stockpiling of the soil and plans for stockpile 


stabilization;  


(d) plans for seeding or cropping the final graded disturbed land and the conservation practices to 


be used to adequately control erosion and sedimentation and to restore an adequate soil moisture 


regime, during the period from completion of grading until release of the performance bond.  


Proper adjustments for seasons must be proposed so that final graded land is not exposed to 


erosion during seasons when vegetation or conservation practices cannot be established due to 


weather conditions;  


(e) plans that demonstrate that the proposed method of reclamation will achieve vegetation to 


satisfactorily comply with ARM 17.24.815;  


(f) available agricultural school studies or other scientific data for areas with comparable soils, 


climate, and management (including water management) that demonstrate that the proposed 


method of reclamation will achieve, within a reasonable time, equivalent or higher levels of yield 


after disturbance as existed before disturbance;  
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(g) if the use of other soils or materials is proposed, documentation, such as agricultural school 


studies or other scientific data from comparable areas, demonstrating that the use of these soils or 


materials, instead of the A, E, B, or C horizons of the prime farmland soils, can achieve soil 


productive capacities in accordance with 82-4-232(3)(a) and (b), MCA. Any proposals to use 


said substitutes will document compliance with ARM 17.24.703, if applicable;  


(h) a description of the reference area(s) of prime farmland that lie outside of the area proposed 


for disturbance but in the vicinity of the proposed mining operation. Reference areas will be 


selected and used in accordance with ARM 17.24.815(2), in determining revegetative success of 


disturbed and reclaimed prime farmlands;  


(i) if reference areas in accordance with (h) are not found at all, a demonstration as to how a 


target yield will be utilized in determining revegetation success in accordance with ARM 


17.24.815(2); and  


(j) vegetative productivity prior to disturbance in accordance with ARM 17.24.304(12)(b)(ii).  


 


17.24.324(2) 


No response required.  


 


17.24.324(3) 


No response required.  





		17.24.324(1)

		17.24.324(2)

		17.24.324(3)
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OTTER CREEK MINE 


17.24.325 COAL MINING OPERATIONS ON AREAS OR ADJACENT TO 


AREAS INCLUDING ALLUVIAL VALLEY FLOORS: SPECIAL 


APPLICATION REQUIREMENTS 


17.24.325(1) 


Otter Creek Coal, LLC (OCC) intends to conduct coal mining adjacent to the Otter Creek valley, 


a valley holding a stream in the semi-arid region of Eastern Montana. 


 


17.24.325(2) 


(a) The requirements of this subparagraph are addressed in Baseline Report 325A – Alluvial 


Valley Floor Determination. 


(b) This subparagraph requires a determination by the Montana Department of Environmental 


Quality (MDEQ); no submittal of information or commitment by OCC is required.  


(c) No response required.  


 


17.24.325(3) 


(a) Baseline Report 325B – Agricultural Production addresses the productivity of hay lands and 


importance to individual farms in the valleys of Otter Creek and its major tributaries Home 


Creek, Threemile Creek and Tenmile Creek.  ARM 17.24.802(3) is not applicable.  


(b) No response required. 


(c) Portions of the Otter Creek and Threemile Creek valley bottoms are within the permit area, 


but will not be mined.  Portions of these valley bottoms exhibit potential alluvial valley floor 


characteristics including a shallow water table and/or seasonal flooding depending on the amount 


of snow melt and/or spring rainfall.  There is also evidence that that these hydrologic functions 


may not provide a water supply during extended periods of low precipitation to maintain high 


levels of production, and that productivity of crop lands may be limited by ground water salinity, 


particularly during extended periods of low precipitation.  The requirements of this paragraph 


cannot be addressed until and unless a determination is made that a significant alluvial valley 


floor is present. 
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(d) The requirements of this paragraph cannot be addressed until and unless a determination is 


made that a significant alluvial valley floor is present. 


(e) The requirements of this paragraph cannot be addressed until and unless a determination is 


made that a significant alluvial valley floor is present. 





		17.24.325 COAL MINING OPERATIONS ON AREAS OR ADJACENT TO AREAS INCLUDING ALLUVIAL VALLEY FLOORS: SPECIAL APPLICATION REQUIREMENTS

		17.24.325(1)

		17.24.325(2)

		17.24.325(3)
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OTTER CREEK MINE 



BASELINE REPORT 325B – AGRICULTURAL PRODUCTION 



REPORT 



 



 



The Baseline Report 325B – Agricultural Production Report will be submitted at a later date. 
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OTTER CREEK MINE 



ENVIRONMENTAL BASELINE REPORT 325A 



ALLUVIAL VALLEY FLOOR DETERMINATION 



 



 



1.0  INTRODUCTION 



 



Otter Creek Coal, LLC (OCC) intends to conduct coal mining and reclamation operations 



adjacent to Otter Creek, a valley holding a stream in a semi-arid region of Montana.  Otter 



Creek has three intermittent tributaries within and adjacent to the Otter Creek coal tracts – 



Home Creek, Threemile Creek and Tenmile creek.  The purpose of this Baseline Report is to 



present the information required under ARM 17.24.325(2)(a) to enable the Montana 



Department of Environmental Quality (MDEQ) to make a determination as to the presence or 



absence of an alluvial valley floor (AVF) in the adjacent reaches of Otter Creek and its 



tributary drainages. 



 



 



2.0  STUDY AREA 



 



Hydrologic data are currently being collected in the alluvial valley floor (AVF) Study Area 



illustrated on Plate 1 –Study Area.  The hydrologic monitoring network used to conduct 



baseline studies includes surface water and groundwater monitoring locations, which are 



shown on Plate 2 – Hydrologic Monitoring Locations.  The primary Study Area comprises 



7,113 acres and includes the valley floors of Otter Creek from the mouth of Tenmile Creek to 



just upstream from the mouth of East Fork Otter Creek, and tributaries Tenmile, Threemile 



and Home Creeks from the Custer National Forest (CNF) boundary downstream to their 



confluences with Otter Creek.  In addition, mapping of the Otter Creek valley bottom is 



projected downstream to Highway 212 just east of Ashland, and in the lower reach of East 



Fork Otter Creek south of Highway 212, using existing data. 
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3.0  AVF ATTRIBUTES:  MAPPING AND OTHER INFORMATION 



 



"Alluvial valley floor" is defined at 82-4-203(3)(a) MCA as “the unconsolidated stream-laid 



deposits holding streams where water availability is sufficient for subirrigation or flood 



irrigation agricultural activities.”  Determination and delineation of an AVF involves multiple 



attributes based on mapping and other information.  Individual AVF attributes are addressed 



herein. 



 



3.1 UNCONSOLIDATED STREAM LAID DEPOSITS 



Areas of unconsolidated stream laid deposits were initially mapped using topographic maps 



and confirmed during field reconnaissance.  The extent of unconsolidated stream laid 



deposits within the Study Area is shown on Plate 3 – Geologic Map.  Clinker outcrops are 



also shown on Plate 3; highly permeable clinker is in contact with the alluvium in some 



areas.  Groundwater flow between the units may occur where they are in direct contact 



resulting in inflow, or outflow, from the alluvium depending on pressure gradients.  



 



3.2 STREAMS 



Streams within the AVF Study Area, including Otter Creek and tributaries Tenmile Creek, 



Threemile Creek, Home Creek and East Fork Otter Creek are shown on Plate 1 – Study Area.  



The Tongue River, several miles downstream of the tracts (at Ashland), is the receiving 



stream for Otter Creek. 



 



3.3 SURFACE WATERSHEDS 



The entire Otter Creek watershed and sub-watersheds of major tributary drainages are 



delineated on Plate 4 – Otter Creek Drainage Basin. 



 



3.4 SHALLOW GROUND WATER FLOWS 



Potentiometric surfaces for groundwater in stream-laid deposits and the Knobloch coal are 



contoured on Plate 5 – Potentiometric Surfaces. 
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3.5 TOPOGRAPHY AND TERRACE LEVELS 



Topography and Terrace levels are mapped on Plate 3.  In the area of Otter Creek coal tracts 



1, 2 and 3, topographic contours are drawn on a five-foot interval; otherwise the U.S.G.S. 



contour interval of 20 feet is utilized.  Stream channels and surface drainage patterns can be 



inferred from topographic contours.  



 



3.6 AGRICULTURAL ACTIVITIES 



Plate 6 – Vegetation, shows crop fields within the area of stream laid deposits.  Farmed 



Special Use Pasture (hay land) occupies 2,868 acres (40%) of the Otter Creek AVF Study 



Area.  Twenty-six vegetation plots were sampled in Tract 2 on floodplains and lower terraces 



along Otter Creek and a portion of Threemile Creek (Plate 6).  Nearly all sites were on very 



gentle slopes of 0-5 percent gradient; aspect was variable.  The predominant ecological sites 



were silty (McRae silty loam and Haverson silty clay soils), saline lowland (Heldt silty clay 



loam – Saline and Haverson silty clay – Saline soils), and clayey (Heldt silty clay loam soils).   



 



Plant species dominance is tabulated below based on mean percent canopy cover rounded to 



the nearest percent.  Hay is the only crop grown on the valley bottoms; hay fields are typically 



dominated by introduced pasture grasses, with alfalfa variable among fields.  Dominant hay 



species are crested wheatgrass (Agropyron cristatum), smooth brome (Bromus inermis) and 



alfalfa (Medicago sativa), which are about equal in average total cover.  Vegetative cover 



data for the 26 sites are included as Appendix A. 
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AVF Special Use Pasture 



n=26 



GRAMINOIDS FORBS WOODY PLANTS 



Class/Species 



Percent 



Cover Class/Species 



Percent 



Cover Class/Species 



Percent 



Cover 



      



Perennial 95 Perennial 36 Shrub <1 



Annual <1 Annual/Biennial 11 Tree - 



Agropyron cristatum 32 Medicago sativa 31   



Bromus inermis 30 Melilotus officinalis 7   



Agropyron elongatum 8 Taraxacum laevigatum 3   



Poa pratensis 7 Cirsium arvense 2   



Agropyron repens 5 Thlaspi arvense <1   



Agropyron smithii 4 Atriplex heterosperma <1   



Agropyron intermedium 3     



Elymus junceus 2     



Hordeum jubatum 1     



Stipa viridula 1     



Distichlis stricta <1     



 



A soils map of the AVF Study Area is included on Plate 7 – Soils Map.  The predominant 



soil types within each vegetation type are shown on Table 1.  Haverson and Heldt silty clay 



loams and silt loams constituted more than 50% of the area within Special Use Pasture 



(Vegetation Classes 1 and 2) areas.  Based on compilation of long-term annual production 



data, the Natural Resources Conservation Service (NRCS) (2012) has determined 



representative values for total irrigated and non-irrigated hay production for pertinent soils in 



the AVF Study Area (Table 2).  The Special Use Pasture type can be expected to produce 3 to 



7 irrigated tons per acre and 1 to 2 non-irrigated tons per acre, depending on the soil and crop 



combination.  Based on rancher interviews, typical hay yields in the Otter Creek valley in the 



project area are about 2.5 tons/acre.  This is intermediate between NRCS figures for 



nonirrigated and irrigated yields on the soils for which published information is available. 



 



3.7 FLOOD IRRIGATION 



According to local ranchers, historic attempts to dam Otter Creek and divert the water for 



flood irrigation and/or enhance sub-irrigation were not successful due to consequent salt 



accumulations in soils that inhibited hay production.  To date, no diversions of Otter Creek 



base flow for flood irrigation have been identified in the Study Area.  There is no developed 



flood irrigation system and there is no known artificial application of water to hayfields 



during the growing season. 
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There are numerous spreader dikes and similar structures to detain and utilize spring runoff 



for soil moisture enhancement in valley bottom hay fields.  Spreader dikes are shown on Plate 



6.  Effectiveness of these structures is totally dependent on spring runoff volume which varies 



greatly from year to year. 



 



3.8 SUBIRRIGATION 



Depth to groundwater based on the difference between the potentiometric surface and ground 



surface is shown on Plate 8 – Depth to Alluvial Groundwater.  This map represents ground 



water levels measured in August, 2011.  Based on these data, the potential for sub-irrigation 



in the Otter Creek valley bottom and tributary drainages was variable, as the depth to 



groundwater ranged from less than five feet to greater than 15 feet below ground surface.  It 



should be noted that 2011 had exceptionally high precipitation and spring runoff, with the 



Otter Creek valley flooded for much of the early spring. 



 



Appendix B shows hydrographs of water levels at monitoring wells completed in the valley 



bottom alluvium.  Each hydrograph includes the land surface, the terrace level at which the 



well is installed, and where available, elevation of the nearby surface water station and the 



surface water hydrograph for comparison.  Hydrographs for alluvial groundwater are 



reviewed briefly by drainage: 



 



Otter Creek 



The hydrologic monitoring system in the Otter Creek valley bottom includes four stand-alone 



monitoring wells and four alluvial well cross sections, each containing a series of up to six 



wells.  The depth to water at each well or series of wells is summarized below, progressing 



from downstream to upstream: 
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Well 



Number(s): 



Seasonal 



Variation 



(feet)  



Terrace Level 1 (T1) Terrace Level 2 (T2)  Terrace Level 3 (T3) 



Wells on Terrace 



Depth to 



Water 



(feet)  



Wells on 



Terrace 



Depth to 



Water (feet)  



Wells on 



Terrace 



Depth to 



Water (feet)  



AVF 1 Series < 1 AVF1-1,-2,-3, PH1 5 - 10 None >15 feet AVF1-PH2 >15 feet 



AVF 2 Series 2 - 3 AVF2-1,-2,-3,-4,-5 0-5 AVF2-6 5 - 10 None NA 



A 1 <1 A1 5 - 10 None 5 - 10 None NA 



AVF 3 Series 2 - 4 AVF3-1,-2,-3,-4 5 - 10 None NA None NA 



A 6 1 - 2 A6 5 - 10 None 10 - 15 None 10 - 15 



AVF 4 Series 1 - 2 AVF4-1,-2,-4 0-5 AVF4-3 5 - 10 None 10 - 15 



A7 1 - 2 A7 5 - 10 None 5 - 10 None 5 - 10 



A3 1 - 2 A4 0-5 None 0-5 None 0-5 



 



The depth to ground water was ten feet or less on the lowest terrace level at all eight well 



locations on Otter Creek, and was greater than 15 feet only at the upper terrace level at 



AVF1.  Relatively shallow depths to groundwater indicate some potential for subirrigated hay 



crops.  



 



Seasonal water level fluctuations were minimal at all of the Otter Creek groundwater 



monitoring wells.  Comparisons of water levels at wells A1, A6, and A3 with hydrographs at 



surface water stations 2, 16, and 22, respectively, show little fluctuation in groundwater 



elevation related to discharge peaks.  This may be related to weak connection between 



surface and groundwater, and/or a buffering effect of adjacent clinker. 



 



Home Creek 



Monitoring wells on Home Creek include the AVF5 cross-section near the mouth, and well 



A2 upstream near the northern boundary of Tract 1.  At both locations the depth to water 



exceeded 15 feet; thus, the potential for subirrigation on Home Creek is generally low.  



However, limited areas near the confluence with Otter Creek may have shallower depths to 



groundwater and somewhat higher potential for subirrigation.  Seasonal fluctuation in 



groundwater levels at AVF5 and A2 was minimal.   



 



Threemile Creek 



Limited subirrigation potential exists at the AVF6 wells on lower Threemile Creek, as the 



water table was approximately 13 feet below ground surface.  Conversely, the depth to 
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groundwater at well A5, near the CNF boundary on upper Threemile Creek, was less than 



five feet.  Groundwater levels at A5 may fluctuate seasonally by four feet; but the greatest 



potential for sub-irrigation is still expected in the upper reach of the Threemile Creek 



drainage.  Based on the depth to groundwater map, Plate 8, subirrigation may also be possible 



at the confluence of Threemile and Otter Creeks.  



 



Tenmile Creek 



One alluvial groundwater monitoring well (A4) is completed in the upper Tenmile Creek 



drainage, near the CNF boundary.  The depth to groundwater at A4 was approximately four 



to five feet below ground surface.  The Tenmile Creek valley bottom has shallow 



groundwater throughout the reach adjacent to Tract 2, and is probably influenced by 



underflow and recharge to the alluvium from Pond 6 (Plate 2). 



 



Ancillary sub-irrigation data was collected as part of the soil mapping and sampling work 



completed for the Tract 2 soils baseline study.  A total of 16 soil sample sites were located in 



the AVF Study Area portion of Tract 2; Plate 7 – Soils Map, shows the soil sample locations.  



Information on date of sampling, soil type, depth to water, rooting depths, vegetation types, 



electrical conductivity (EC) and sodium adsorption ratio (SAR) values by horizon is 



summarized in Table 3. 



 



Ground water was encountered within the excavated soil profile at four of these sample sites 



located in agricultural production areas (Vegetation class 1 on Plate 6).  The agricultural soils 



represented by these sites were Haverson and Heldt silty clay loams. 



 



Saline conditions were encountered in the subsoil at eight locations, and elevated SAR at 



three locations.  Two of the agricultural soils that contained groundwater within the profile 



also contained saline-sodic soil material in the sub-surface horizons (sites CB-120 and  



CB-121).  A sample site within an agricultural production area (CB-111) contained low to 



moderate salinity concentrations at certain sub-surface depths; however no evidence of 



shallow groundwater was observed.  These data indicate that soils on the lowest terraces of 
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Otter Creek often contain high concentrations of salts (including sodium) within sub-surface 



horizons.  Although agricultural use is widespread on the floodplains, scattered areas of bare 



ground and surface salts were observed in depressional features, thereby limiting hay 



production at these sites. 



 



3.9 FLOOD IRRIGABILITY 



Although three terrace levels have been identified (Plate 3), the valley bottoms of Otter Creek 



and tributaries show limited terrace development.  Hence, if irrigation water in sufficient 



quantity and of suitability quality were available, flood irrigation would not be limited by 



topography in most areas. 



 



As noted above NRCS provides irrigated and non-irrigated production data for several soils 



which together dominate the Otter Creek valley bottom.  These soils are considered to be 



potentially irrigable.  Table 2 lists the mapping units, capability classes, and typical hay 



production (un-irrigated and irrigated) for these soils.  As previously noted (subsection 3.6), 



The Special Use Pasture type can be expected to produce 3 to 7 irrigated tons per acre and 1 



to 2 non-irrigated tons per acre, depending on the soil and crop grown. 



 



3.10 SURFACE WATER QUANTITY 



Table 4 shows the range of surface water flows from 1972 to 2011 in Otter Creek recorded at 



the U.S. Geological Survey (USGS) stream gauging station where Otter Creek crosses 



Highway 212.  Peak flows most often occur in March and February in response to snow melt, 



and in May of some years in response to spring rainfall.  Highest average flows occurred in 



March (13 cubic feet per second (cfs)), followed by May (8.4 cfs) and June (6.4 cfs).  In some 



years flows fell to zero in late summer and fall. 



 



One cfs is equivalent to about 60 acre feet per month.  According to the DNRC, (2010), 



approximately six inches of water applied by flood irrigation is required to increase alfalfa 



production by one ton per acre.  Using this relationship, each cfs of water that could be 



diverted in theory could be used to irrigate 360 acres over a period of three months.  Based 
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solely on average water quantity, irrigation of limited acreage might be feasible from May to 



July in some years, and would not be practicable after July.  Flows are not sufficiently 



consistent to plan for irrigation every year.   



 



Flows vary greatly depending on local precipitation; annual precipitation at Sonnette, 



approximately 20 miles to the southeast of the project area, is summarized on Table 5 for 



comparison.  During the period of record, annual precipitation ranged from 7.57 inches in 



1999 to 20.75 inches in 2005; the average annual precipitation was 14.36 inches. 



 



3.11 WATER QUALITY 



Quality of surface water and alluvial ground water is summarized on Table 6.  Averages and 



ranges are shown for total dissolved solids (TDS), sulfate, specific conductivity (SC) and 



SAR.  Due to TDS in the range of 3000 mg/l and SAR exceeding 5.0, surface water is only 



marginally suitable for flood irrigation; and such use would likely result in soil degradation 



due to salt accumulations and/or dispersion of clays in the predominantly silty clay loam 



soils.   



 



Quality of alluvial ground water is similar to surface water and limits crops that can be grown 



to the more salt tolerant grass hay species.  Although alfalfa is present, it is not the dominant 



species; alfalfa is less salt tolerant than tame hay grasses. 



 



Complete water quality data for alluvial wells and surface water stations on Otter Creek and 



its major tributaries are included as Appendix C. 



 



 



4.0  COLOR INFRARED IMAGERY 



 



Plate 9 is a color infrared aerial photograph taken September 7, 2011.  The area of coverage 



includes Tracts 1, 2 and 3 and adjacent areas, including Otter Creek and tributaries Home 



Creek, Threemile Creek and Tenmile Creek.  Enhanced vegetative growth is evident on the 
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Otter Creek valley floor compared to upland areas; Tenmile Creek and portions of Threemile 



Creek and Home Creek also show enhanced vegetative growth in a pattern correlative with 



shallow depth to groundwater, as indicated on Plate 8. 



 



 



5.0  DISCUSSION 



 



This report provides information specified by ARM 17.24.325(2)(a) to aid in determining if 



alluvial valley floors are present based on geologic, hydrologic and agricultural criteria 



defined at 82-4-203(3)(a) as “the unconsolidated stream-laid deposits holding streams where 



water availability is sufficient for sub-irrigation or flood irrigation agricultural activities.”   



 



Information presented indicates that agricultural fields in the Otter Creek valley floor exhibit 



shallow ground water, and natural inundation during early spring runoff enhanced in some 



areas by spreader dikes.  Conventional flood irrigation through diversion of creek flows is not 



practiced and is not practical due to low and annually variable flows, and water quality 



limitations recognized by the local ranchers.  It is also likely that productivity enhancement 



by a shallow water table, where present, is limited or precluded by salinity of ground water.   



 



Periodic inundation by snow melt and/or spring rainfall runoff would serve to mitigate salt 



accumulations in surface soils, and is probably the dominant hydrologic function in play to 



enhance agricultural productivity in those years when it occurs.  Because spring runoff is 



inconsistent, it would not be effective in maintaining productivity during extended periods of 



low precipitation. 



 



Plate 10 presents an intersect-overlay of alluvial stream-laid deposits, crop fields and depth to 



ground water.  Depth to ground water was examined in increments of five feet based on the 



following rooting depth parameters: 
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 Where the depth to water is five feet or less, hay grasses would benefit from sub-



irrigation (884 acres), provided ground water salinity is not limiting.  Alfalfa typically 



doesn’t persist where there is a consistently high water table. 



 Where the depth to water is between five and ten feet, alfalfa would benefit from sub-



irrigation but the benefit to hay grasses would begin to decline (918 acres). 



 Where the depth to water is 10 to 15 feet, alfalfa would continue to benefit from sub-



irrigation but the benefit to hay grasses would be minimal (452 acres). 



 At depths to water greater than 15 feet, sub-irrigation is not likely to be a factor in hay 



production (614 acres). 



 



These intervals are based on a synopsis of rooting depth information taken from sources 



including Weaver (1919), Weaver (1926), Kramer (1983), and Canadell et al. (1996).  These 



sources indicate that hay grasses generally root effectively to a depth less than five feet, while 



alfalfa roots often extend deeper than ten feet. 



 



ARM 17.24.301(39) defines “Essential hydrologic functions” as follows: “with respect to an 



alluvial valley floor, the collecting, storing, regulating, and making the natural flow of surface 



or ground water, or both, usefully available for agricultural activities by reason of the valley 



floor's topographic position, the landscape, and the physical properties of its underlying 



materials.  A combination of these functions provides a water supply during extended periods 



of low precipitation”.  Hydrologic functions of Otter Creek, its tributaries and associated 



alluvium are described in hydrologic baseline studies (Baseline Report 304E – Tracts 1, 2 and 



3 Water Resources)...  There is a substantial question as to whether or not these functions 



provide a useful water supply during extended periods of low precipitation.  The saline and 



sodic nature of ground water combined with salt accumulations in subsoils may limit 



production in dry years despite enhanced moisture conditions due to shallow ground water.  It 



is very likely that the most significant hydrologic function is occasional flooding during early 



spring runoff that would enhance surface soil moisture, and more importantly, flush 



accumulated salts from the soil. 
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6.0SUMMARY 



 



A positive alluvial floor determination requires the following elements from the definition of 



“alluvial valley floor” at 82-4-203(3)(a) MCA: 



 Alluvial stream laid deposits holding a stream 



 Water availability sufficient for subirrigation or flood irrigation agricultural activities. 



 



In addition, the definition of “essential hydrologic functions” at ARM 17.24.301(39) includes 



the following components: 



 Collecting, storing, regulating, and making the natural flow of surface or ground 



water, or both, usefully available for agricultural activities by reason of the valley 



floor's topographic position, the landscape, and the physical properties of its 



underlying materials.   



 A combination of these functions providing a water supply during extended periods of 



low precipitation. 



 



The valleys of Otter Creek and its tributaries exhibit the following characteristics: 



 Unconsolidated stream laid deposits holding streams. 



 No developed irrigation system, or artificial application of water during the growing 



season. 



 Surface water quantity insufficient for flood irrigation in most years. 



 Surface water quality limitations for use in irrigation. 



 Shallow ground water in alluvium at depths conducive to subirrigation of hay crops. 



 Elevated salinity and SAR in alluvial ground water and subsoils at levels potentially 



detrimental to hay crops, particularly alfalfa. 



 Occasional inundation during spring runoff, enhanced by spreader dikes at some 



locations. 
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The combination of shallow ground water quality limitations and inconsistent early spring 



runoff calls into question the useful availability for agricultural activities of surface or 



ground water, or both, during extended periods of low precipitation.  Complete evaluation 



requires an examination of hayland productivity as it relates to ground water depth and 



annual precipitation and runoff, which is addressed in Baseline Report 325B – Hayland 



Productivity. 
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OTTCRK - Otter Creek Coal - Otter Creek Drainage Alluvium - WQ To 3/12 DataMan Program 




Sample Type, Groundwater 




SITE CODE A-1 A-1 A-1 




SAMPLE DATE 08/23/2011 10/18/2011 01/04/2012 




SAMPLE TIME 16,30 16,53 16,45 




LAB EL EL EL 




LAB NUMBER 1080476007 1100344004 2010106013 




SAMPLE NUMBER OTRCRll08-806 OTRCRll10-703 OTRCR-1201-11 




-- PHYSICAL PARAMETERS 




DEPTH TO WATER LEVEL (FEET) 8.98 8.98 8.96 




PH (FLD) 7.97 7.86 7.91 




PH 8.3 8.1 8.3 




SODIUM ADSORPTION RATIO 7.81 8.17 8.26 




SC (UMHOS/CM AT 25 C) 2640.0 2470.0 2800.0 




SC (UMHOS/CM AT 25 C) (FLD) 4250.0 2940.0 2780.0 




TDS (MEASURED AT 180 C) 2180.0 1900.0 1680.0 




WATER TEMPERATURE (FLD) 11.4 11. 7 9.1 




MAJOR CONSTITUENTS --




CALCIUM (CA) DIS 80.0 64.0 55.0 




CALCIUM (CA) TRC 84.0 




MAGNESIUM (MG) DIS 128.0 103.0 87.0 




MAGNESIUM (MG) TRC 131.0 




SODIUM (NA) DIS 484.0 455.0 422.0 




SODIUM (NA) TRC 481.0 




POTASSIUM (K) DIS 28.0 26.0 24,0 




POTASSIUM (K) TRC 28.0 




TOTAL ALKALINITY AS CAC03 580.0 610.0 640.0 




BICARBONATE (HC03) 710.0 740.0 780.0 




CARBONATE AS C03 <4.0 <4.Q <1.0 




SULFATE (S04) 1100.0 950.0 800.0 




CHLORIDE (CL) 41.0 45.0 59.0 




FLUORIDE (F) 2.0 2.0 3.0 




HYDROXIDE (OH) <4.Q <1.0 




NUTRIENTS --




TOTAL AMMONIA (NH3+NH4 AS N) <Q.05 




NITRATE + NITRITE AS N 0.96 0.99 1.05 




PHOSPHORUS (P) TOT 0.049 




-- METALS & MINOR CONSTITUENTS --




ALUMINUM (AL) DIS <0.1 <0.1 <0.1 




ALUMINUM (AL) TRC <0.1 




ARSENIC (AS) DIS 0.03 0.03 0.037 




ARSENIC (AS) TRC 0.03 




BARIUM (BA) DIS 0.034 0.028 0.024 




BARIUM (BA) TRC 0.037 




BERYLLIUM (BE) DIS <O.OQl <0. 001 <0. 001 




BERYLLIUM (BE) TRC <0.001 




BORON (B) DIS 0.45 0.43 0.45 




BORON (B) TRC 0.45 




CADMIUM (CD) DIS ,,0. 00008 <0.00008 <0.00008 




CADMIUM (CD) TRC <0.00008 




CHROMIUM (CR) DIS 0.012 0.011 0.012 




CHROMIUM (CR) TRC 0.012 




COPPER (CU) DIS <a .001 <0.001 <0.001 




COPPER (CU) TRC <0.001 




IRON (FE) DIS <0,05 <0.05 <0.05 




IRON (FE) TRC 0.07 




LEAD (PB) DIS <0.0005 <0.0005 <0.0005 




LEAD (PB) TRC <0.0005 




MANGANESE (MN) DIS 0.006 <0.005 <0.005 




NOTES, All results in mg/L (Water) or mg/kg (Soil) unless noted and are laboratory (LAB) unless field (FLD) or calculated (CALC) 




TOT:Totalj DIS:Dissolvedj TRC:Total Recoverable; E:Estimated; <:Less Than Detect. Blank: parameter not tested 




Validation Flags: A:Anomalous; UJ1:Blank; J2,UJ2: Standard; J3:Hold Time; J4,UJ4:Duplicate, Spike, or Split Exceedance; 




R:Rejected. 




wqanrpt2 v1.0 03/95 using s,\statout\\OTTCRK06.DBF Page 1 Hydrometrics, Inc. OS/22/2012 















OTTCRK - Otter Creek Coal - Otter Creek Drainage Alluvium - WQ To 3/12 DataMan Program 




Sample Type: Groundwater 




SITE CODE A-~ A-~ A-~ 




SAMPLE DATE OB/23/2011 ~0/~B/2011 0~/04/20~2 




SAMPLE TIME ~6:30 ~6:53 ~6:45 




LAB EL EL EL 




LAB NUMBER ~OB0476007 1100344004 2010~060~3 




SAMPLE NUMBER OTRCR~~OB-B06 OTRCR~~~0-703 OTRCR-120~-11 




-- METALS & MINOR CONSTITUENTS --




MANGANESE (MN) TRC O.OOB 




MERCURY (HG) DIS <0.00005 <0.00005 <0.00005 




MERCURY (HG) TOT <0.00005 




MOLYBDENUM (MO) DIS 0.0~3 o .0~2 0.013 




MOLYBDENUM (MO) TRC 0.0~4 




NICKEL (NI) DIS <0.01 <0.01 <0.01 




NICKEL (NI) TRC <0.01 




SELENIUM (SE) DIS 0.005 0.005 0.006 




SELENIUM (SE) TRC 0.005 




VANADIUM (V) DIS 0.2 0.2 0.3 




VANADIUM (V) TRC 0.2 




ZINC (ZN) DIS <0.01 <0.01 <0.01 




ZINC (ZN) TRC <0.01 




NOTES: All results in mg/L (Water) or mg/kg (Soil) unless noted and are laboratory (LAB) unless field (FLD) or calculated (CALC) 




TOT:Total; DIS:Dissolved; TRC:Total Recoverable; E:Estimated; <:Less Than Detect. Blank: parameter not tested 




Validation Flags: A:Anomalous; UJ1:Blankj J2,UJ2: Standard; J3:Hold Time; J4,UJ4:Duplicate, Spike, or Split Exceedancej 




R:Rejected. 




wqanrpt2 vl.O 03/95 using s:\statout\\OTTCRK06.DBF Page 2 Hydrometries, Inc. OS/22/2012 















OTTCRK - Otter Creek Coal - Otter Creek Drainage Alluvium - WQ To 3/12 




Sample Type: Groundwater 




SITE CODE 




SAMPLE DATE 




SAMPLE TIME 




LAB 




LAB NUMBER 




A-3 




08/24/2011 




08,10 




EL 




1080526001 




A-3 




10/21/2011 




08,20 




EL 




1100352003 




A-3 




01/11/2012 




10,55 




EL 




2010179006 




A-3 




04/25/2012 




17,18 




EL 




2040471025 




SAMPLE NUMBER OTRCR1108-850 OTRCR1110-402 OTRCR-1201-20 OCC-1204-524 




-- PHYSICAL PARAMETERS -




DEPTH TO WATER LEVEL (FEET) 




PH (FLD) 




PH 




SODIUM ADSORPTION RATIO 




SC (UMHOS/CM AT 25 C) 




SC (UMHOS/CM AT 25 C) (FLD) 




TDS (MEASURED AT 180 C) 




WATER TEMPERATURE (FLD) 




MAJOR CONSTITUENTS -




CALCIUM (CA) DIS 




CALCIUM (CA) TRC 




MAGNESIUM (MG) DIS 




MAGNESIUM (MG) TRC 




SODIUM (NA) DIS 




SODIUM (NA) TRC 




POTASSIUM (K) DIS 




POTASSIUM (K) TRC 




TOTAL ALKALINITY AS CAC03 




BICARHONATE (HC03) 




CARHONATE AS C03 




SULFATE (S04) 




CHLORIDE (CL) 




FLUORIDE (F) 




HYDROXIDE (OH) 




NUTRIENTS --




TOTAL AMMONIA (NH3+NH4 AS N) 




NITRATE + NITRITE AS N 




PHOSPHORUS (P) TOT 




-- METALS & MINOR CONSTITUENTS -




ALUMINUM (AL) DIS 




ALUMINUM (AL) TRC 




ARSENIC (AS) DIS 




ARSENIC (AS) TRC 




BARIUM (BA) DIS 




BARIUM (BA) TRC 




BERYLLIUM (BE) DIS 




BERYLLIUM (BE) TRC 




BORON (B) DIS 




BORON (B) TRC 




CADMIUM (CD) DIS 




CADMIUM (CD) TRC 




CHROMIUM (CR) DIS 




CHROMIUM (CR) TRC 




COPPER (CU) DIS 




COPPER (CU) TRC 




IRON (FE) DIS 




IRON (FE) TRC 




LEAD (PB) DIS 




LEAD (PB) TRC 




MANGANESE (MN) DIS 




6.26 




7.7 




8.1 




5.19 




2930.0 




4430.0 




2530.0 




10.4 




130.0 




138.0 




204.0 




212.0 




407. a 
397.0 




20.0 




20.0 




620.0 




750.0 




<4. a 
1400. a 




7.0 




0.7 




0.1 




<0.01 




0.045 




<0.1 




0.1 




0.004 




0.004 




0.015 




0.02 




<0. 001 




<0.001 




0.49 




0.49 




<0.00008 




<0.00008 




<0. 001 




<0.001 




<0.001 




<0.001 




2.52 




2.97 




<0.0005 




<0.0005 




0.266 




6.4 




7.5 




7.8 




5.35 




2760.0 




3160.0 




2550.0 




10.0 




124.0 




194.0 




409.0 




20.0 




620.0 




750.0 




<4.0 




1400.0 




7.0 




0.6 




<0.01 




<0.1 




0.004 




0.014 




<0.001 




0.47 




<0.00008 




<0.001 




<0.001 




2.39 




<0.0005 




0.253 




5.99 




7.49 




7.5 




5.2 




3460.0 




3270.0 




2460.0 




9.4 




132.0 




188.0 




398.0 




20.0 




630.0 




750.0 




11.0 




1400.0 




8.0 




0.6 




<1.0 




<0.01 




<0.1 




0.005 




0.014 




<0. 001 




0.48 




<0.00008 




<0.001 




<0.001 




2.38 




<0.0005 




0.253 




7.4 




5.24 




3400.0 




2660.0 




125.0 




197.0 




404.0 




19.0 




630.0 




770.0 




<1.0 




1400.0 




8.0 




0.6 




<4.0 




<0.01 




<0.1 




0.004 




0.014 




<0.001 




0.51 




<0.00008 




<0.001 




<0.001 




2.41. 




<0.0005 




0.245 




DataMan Program 




NOTES, All results in mg/L (Water) or mg/kg (Soil) unless noted and are laboratory (LAB) unless field (FLD) or calculated (CALC) 




TOT:Totalj DIS:Dissolvedj TRC:Total Recoverable; E:Estimated; <:Less Than Detect. Blank: parameter not tested 




Validation Flags: A:Anomalous; UJ1 :Blank; J2, UJ2: Standard; J3 :Hold Time; J4, UJ4 :Duplicate, Spike, or Split Exceedancej 




R:Rejected. 




wganrpt2 v1.0 03/95 using s,\statout\\OTTCRK06.DBF Page 3 Hydrometries, Inc. OS/22/2012 















OTTCRK - Otter Creek Coal - Otter Creek Drainage Alluvium - WQ To 3/12 DataMan Program 




Sample Type: Groundwater 




SITE CODE A-3 A-3 A-3 A-3 




SAMPLE DATE 08/24/2011 10/21/2011 01/11/2012 04/25/2012 




SAMPLE TIME 08,10 08,20 10,55 17,18 




LAB EL EL EL EL 




LAB NUMBER 1.080526001 1100352003 20101.79006 2040471.025 




SAMPLE NUMBER OTRCR1108-850 OTRCRl110-402 OTRCR-1201-20 OCC-1204-524 




-- METALS &, MINOR CONSTITUENTS --




MANGANESE (MN) TRC 0.272 




MERCURY (HG) DIS <0.00005 <0.00005 <0.00005 <0.00005 




MERCURY (HG) TOT <0.00005 




MOLYBDENUM (MO) DIS 0.005 <0.005 <0.005 <0.005 




MOLYBDENUM (MO) TRC <0.005 




NICKEL (NI) DIS <0.01 <0.01 <0.01 <0.01 




NICKEL (NI) TRC <0.01 




SELENIUM (SE) DIS <0.001 <0.001 <0.001 <0.001 




SELENIUM (SE) TRC <0.001 




VANADIUM (V) DIS <0.1 <0.1 <0.1 <0.1 




VANADIUM (V) TRC <0.1 




ZINC (ZN) DIS <0.01 <0.01 <0.01 <0.01 




ZINC (ZN) TRC <0.01 




NOTES, All results in rng/L (Water) or mg/kg (Soil) unless noted and are laboratory (LAB) unless field (FLD) or calculated (CALC) 




TOT:Totalj DIS:Dissolved; TRC:Total Recoverable; E:Bstimated; <:Less Than Detect. Blank: parameter not tested 




Validation Flags: A:Anomalous; UJl :Blank; J2, UJ2: Standard; J3 :Hold Time; J4, UJ4 :Duplieate, Spike, or Split Exeeedancei 




R:Rejected. 




wganrpt2 v1.0 03/95 using s,\statout\\OTTCRK06.DBF page 4 Hydrometries, Inc. OS/22/2012 















OTTCRK - Otter Creek Coal - Otter Creek Drainage Alluvium - WQ To 3/12 




Sample Type: Groundwater 




SITE CODE 




SAMPLE DATE 




SAMPLE TIME 




LAB 




LAB NUMBER 




A-6 




06/22/20n 




11:45 




EL 




1060450011 




A-6 




10/21/2011 




09:20 




EL 




1100352005 




A-6 




01/10/2012 




13 :20 




EL 




2010179002 




A-6 




04/25/2012 




10:27 




EL 




2040471020 




SAMPLE NUMBER OTRCR1106-011 OTRCR1110-404 OTRCR-1201-20 OCC-1204-519 




-- PHYSICAL PARAMETERS -




DEPTH TO WATER LEVEL (FEET) 




PB (FLO) 




PB 




SODIUM ADSORPTION RATIO 




SC (UMBOS/CM AT 25 C) 




sc (UMBOS/CM AT 25 C) (FLO) 




TDS (MEASURED AT 180 C) 




WATER TEMPERATURE (FLD) 




MAJOR CONSTITUENTS -




CALCIUM (CA) DIS 




CALCIUM (CA) TRC 




MAGNESIUM (MG) DIS 




MAGNESIUM (MG) TRC 




SODIUM (NA) DIS 




SODIUM (NA) TRC 




POTASSIUM (K) DIS 




POTASSIUM (K) TRC 




TOTAL ALKALINITY AS CAC03 




BICARBONATE (BC03) 




CARBONATE AS C03 




SULFATE (S04) 




CHLORIDE (CL) 




FLUORIDE (F) 




HYDROXIDE (DB) 




NUTRIENTS --




TOTAL AMMONIA (NH3+NH4 AS N) 




NITRATE + NITRITE AS N 




PBOS PBORUS (P) TOT 




- - METALS & MINOR CONSTITUENTS -




ALUMINUM (AL) DIS 




ALUMINUM (AL) TRC 




ARSENIC (AS) DIS 




ARSENIC (AS) TRC 




BARIUM (HA) DIS 




BARIUM (BA) TRC 




BERYLLIUM (BE) DIS 




BERYLLIUM (BE) TRC 




BORON (B) DIS 




BORON (B) TRC 




CADMIUM (CD) DIS 




CADMIUM (CD) TRC 




CHROMIUM (CR) DIS 




CHROMIUM (CR) TRC 




COPPER (CU) DIS 




COPPER (CU) TRC 




IRON (FE) DIS 




IRON (FE) TRC 




LEAD (PB) DIS 




6.62 




7.54 




8.2 




9.59 




4810.0 




5440.0 




4400.0 




10.5 




144.0 




142.0 




266.0 




258.0 




842.0 




800.0 




23.0 




22.0 




750.0 




920.0 




<:4.0 




2400.0 




17.0 




0.6 




<:0.05 




0.01 




0.029 




<:0.1 




0.7 




<:0.003 




<0.003 




0.019 




0.037 




<0.001 




<0.001 




0.36 




0.37 




<0.00008 




<0.00008 




<0.001 




<0.001 




<0.001 




0.004 




<:0.05 




0.86 




J4D 




<0.0005 




8.56 




7.5 




7.7 




9.35 




5750.0 




6680.0 




6380.0 




9.8 




228.0 




432.0 




1040.0 




31.0 




750.0 




910.0 




<4.0 




3900.0 




27.0 




0.6 




2.39 




<0.1 




<0.003 




0.024 




<0.001 




0.4 




<0.00008 




<0.001 




0.002 




<0.05 




<0.0005 




8.3 




7.33 




7.5 




10.6 




6650.0 




6210.0 




5330.0 




10.2 




206.0 




340.0 




1070.0 




30.0 




770.0 




940.0 




<1.0 




3400.0 




28.0 




0.7 




<1.0 




0.72 




<0.1 




<0.003 




0.021 




<0.001 




0.43 




<0.00008 




<0.001 




0.002 




<0.05 




<0.0005 




7.8 




9.04 




5800.0 




5160.0 




168.0 




313.0 




859.0 




26.0 




760.0 




930.0 




<1.0 




2900.0 




22.0 




0.6 




<4.0 




0.11 




<0.1 




<0.003 




0.018 




<0.001 




0.42 




<0.00008 




<0.001 




0.002 




<0.05 




<0.0005 




DataMan Program 




NOTES: All results in mg/L (Water) or mg/kg (Soil) unless noted and are laboratory (LAB) unless field (FLO) or calculated (CALC) 




TOT:Total; DIS:Dissolved; TRC:Total Recoverable; E:Estimated; <:Less Than Detect. Blank.: parameter not tested 




Validation Flags: A:Anomalous; UJ1:Blank; J2, UJ2: Standard; J3 :Hold Time; J4, UJ4 :Duplicate, Spike, or Split Exceedance; 




R:Rejected. 




wqanrpt2 v1.0 03/95 using s:\statout\\OTTCRK06.DBF Page 5 Hydrometrics, Inc. OS/22/2012 















OTTCRK - Otter Creek Coal - Otter Creek Drainage Alluvium - WQ To 3/l.2 DataMan Program 




Sample Type: Groundwater 




SITE CODE A-6 A-6 A-6 A-6 




SAMPLE DATE 06/22/2011 10/21/2011 01/10/2012 04/25/2012 




SAMPLE TIME 11:45 09:20 13 :20 10:27 




LAB EL EL EL EL 




LAB NUMBER 1060450011 1100352005 2010179002 2040471020 




SAMPLE NUMBER OTRCRll06-011 OTRCRlll0-404 OTRCR-1201-20 OCC-1204-519 




-- METALS & MINOR CONSTITUENTS --




LEAD (PB) TRC 0.0006 




MANGANESE (MN) DIS 1.12 1.26 1.2 1.11 




MANGANESE (MN) TRC 1.16 




MERCURY (HG) DIS 0::::0.000l. <0.00005 <0.00005 <D. DODDS 




MERCURY (HG) TOT <0.0001 




MOLYBDENUM (MO) DIS 0.009 O.OOB 0.009 0.009 




MOLYBDENUM (MO) TRC 0.009 




NICKEL (NI) DIS 0::::0.0l. <0.0l. .:::0.0l. 0::::0.0l. 




NICKEL (NI) TRC 0::::0.0l. 




SELENIUM (SE) DIS <0.001 .:::0. DOl. <0.001 ':::0.00l. 




SELENIUM (SE) TRC 0::::0. DOl. 




VANADIUM (V) DIS <O.l 0::::0.l. .:::O.l. .:::O.l 




VANADIUM (V) TRC 0::::0.l. 




ZINC (ZN) DIS o::::O.Ol .:::0.0l. 0::::0.01 .:::0.0l. 




ZINC (ZN) TRC 0::::0.0l. 




NOTES: All results in mg/L (Water) or mg/kg (Soil) unless noted and are laboratory (LAB) unless field (FLD) or calculated (CALC) 




TOT:Total; DIS:Dissolved; TRC:Total Recoverable; E:Estimated; .::::Less Than Detect. Blank: parameter not tested 




Validation Flags: A:Anomalous; UJl.:Blankj J2,UJ2: Standard; J3:Hold Time; J4,UJ4:Duplicate, Spike, or Split Exceedancej 




R:Rejected. 




wqanrpt2 vl.0 03/95 using s:\statout\\OTTCRK06.DBF Page 6 Hydrometrics, Inc. OS/22/2012 















OTTCRK - Otter Creek Coal - Otter Creek Drainage Alluvium - WQ To 3/12 




Sample Type: Groundwater 




SITE CODE 




SAMPLE DATE 




SAMPLE TIME 




LAB 




LAB NUMBER 




A-7 




08/24/2011 




14:35 




EL 




1080526005 




A-7 




10/21/2011 




08:50 




EL 




1100352004 




A-7 




01/11/2012 




11:58 




EL 




2010179007 




A-7 




04/25/2012 




16:41 




EL 




2040471024 




SAMPLE NUMBER OTRCRII08-854 OTRCRII10-403 OTRCR-1201-20 OCC-1204-523 




-- PHYSICAL PARAMETERS -




DEPTH TO WATER LEVEL (FEET) 




PH (FLD) 




PH 




SODIUM ADSORPTION RATIO 




SC (UMHOS/CM AT 25 C) 




SC (UMHOS/CM AT 25 C) (FLO) 




TDS (MEASURED AT 180 C) 




WATER TEMPERATURE (FLD) 




MAJOR CONSTITUENTS -




CALCIUM (CA) DIS 




CALCIUM (CA) TRC 




MAGNESIUM (MG) DIS 




MAGNESIUM (MG) TRC 




SODIUM (NA) DIS 




SODIUM (NA) TRC 




POTASSIUM (K) DIS 




POTASSIUM (K) TRC 




TOTAL ALKALINITY AS CAC03 




BICARBONATE (HC03) 




CARBONATE AS C03 




SULFATE (S04) 




CHLORIDE (CL) 




FLUORIDE (F) 




HYDROXIDE (OH) 




NUTRIENTS --




TOTAL AMMONIA (NH3+NH4 AS N) 




NITRATE + NITRITE AS N 




PHOSPHORUS (P) TOT 




- - METALS & MINOR CONSTITUENTS -




ALUMINUM (AL) DIS 




ALUMINUM (AL) TRC 




ARSENIC (AS) DIS 




ARSENIC (AS) TRC 




BARIUM (BA) DIS 




BARIUM (BA) TRC 




BERYLLIUM (BE) DIS 




BERYLLIUM (BE) TRC 




BORON (B) DIS 




BORON (B) TRC 




CADMIUM (CD) DIS 




CADMIUM (CD) TRC 




CHROMIUM (CR) DIS 




CHROMIUM (CR) TRC 




COPPER (CU) DIS 




COPPER (CU) TRC 




IRON (FE) DIS 




IRON (FE) TRC 




LEAD (PB) DIS 




9.11 




7.78 




8.2 




6.51 




3280.0 




3800.0 




2880.0 




10.2 




129.0 




129.0 




209.0 




198.0 




514.0 




524.0 




20.0 




20.0 




610.0 




750.0 




<4.0 




1600.0 




14.0 




0.9 




0.61 




<0.01 




0.023 




<0.1 




<0.1 




<0.003 




<0.003 




0.019 




0.019 




<0.001 




<0.001 




0.39 




0.38 




<0.00008 




<0.00008 




<0.001 




<0.001 




<0.001 




<0.001 




5.48 




5.28 




<0.0005 




9.5 




7.5 




7.7 




6.51 




3200.0 




3570.0 




2980.0 




9.0 




125.0 




200.0 




504.0 




19.0 




610.0 




740.0 




.::::4.0 




1700.0 




13.0 




0.9 




0.01 




UJI 




.::::0 .1 




<0.003 




0.017 




<0.001 




0.37 




<0.00008 




<0.001 




<0.001 




5.15 




<0.0005 




8.37 




7.55 




7.5 




7.22 




3920.0 




3730.0 




2900.0 




8.5 




136.0 




193.0 




558.0 




20.0 




620.0 




740.0 




13.0 




1600.0 




16.0 




0.9 




.::::1.0 




<0.01 




<0.1 




0.003 




0.017 




<0.001 




0.39 




<0.00008 




<0.001 




<0.001 




5.31 




<0.0005 




7.6 




6.43 




3800.0 




3060.0 




129.0 




205.0 




505.0 




19.0 




630.0 




770.0 




<1.0 




1600.0 




16.0 




0.8 




<4.0 




<0.01 




<0.1 




<0.003 




0.018 




<0.001 




0.41 




<0.00008 




<0.001 




<0.001 




4.48 




<0.0005 




DataMan Program 




NOTES: All results in mg/L (Water) or mg/kg (Soil) unless noted and are laboratory (LAB) unless field (FLO) or calculated (CALC) 




TOT:Totalj DIS:Dissolved; TRC:Total Recoverablej E:Estimatedj <:Less Than Detect. Blank: parameter not tested 




Validation Flags: A:Anomalous; UJ1:Blankj J2,UJ2: Standardj J3:Hold Time; J4,UJ4:Duplicate, Spike, or Split Exceedancej 




R:Rejected. 
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OTTCRK - Otter Creek Coal - Otter Creek Drainage Alluvium - WQ To 3/n DataMan Program 




Sample Type, Groundwater 




SITE CODE A-7 A-7 A-7 A-7 




SAMPLE DATE 08/24/2011 10/21/2011 01/11/2012 04/25/2012 




SAMPLE TIME 14,35 08,50 11,58 16,41 




LAB EL EL EL EL 




LAB NUMBER 1080526005 1100352004 2010179007 20404n024 




SAMPLE NUMBER OTRCR1108-854 OTRCR1110-403 OTRCR-1201-20 OCC-1204-523 




-- METALS & MINOR CONSTITUENTS --




LEAD (PB) TRC <0.0005 




MANGANESE (MN) DIS 0.538 0.514 0.518 0.556 




MANGANESE (MN) TRC 0.52 




MERCURY (HG) DIS <0. 00005 <0.00005 <0.00005 <0.00005 




MERCURY (HG) TOT <0.00005 




MOLYBDENUM (MO) DIS 0.005 0.005 0.005 0.005 




MOLYBDENUM (MO) TRC 0.005 




NICKEL (NI) DIS <0.0l. <0.01 <O.Ol <0.01 




NICKEL (NI) TRC <0.01 




SELENIUM (SE) DIS <0.001 <0.001 <0. DOl <0. DOl 




SELENIUM (SE) TRC <O.OOl 




VANADIUM (V) DIS <0.1 <0.1 <0.1 <:0.1 




VANADIUM (V) TRC <:0.1 




ZINC (ZN) DIS <0.01 <0.01 <0.01 <0.01 




ZINC (ZN) TRC <0.01 




NOTES, All results in mg/L (Water) or mg/kg (Soil) unless noted and are laboratory (LAB) unless field (FLD) or calculated (CALC) 




TOT:Totalj DIS:Dissolvedj TRC:Total Recoverable; E:Estimatedj <::Less Than Detect. Blank: parameter not tested 




Validation Flags: A:Anomalous; UJ1:Blanki J2,UJ2: Standard; J3:Hold Time; J4,UJ4:Duplicate, Spike, or Split Exceedance; 




R:Rejected. 
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OTTCRK - Otter Creek Coal - Otter Creek Drainage Alluvium - WQ To 3/12 




Sample Type: Groundwater 




SITE CODE 




SAMPLE DATE 




SAMPLE TIME 




LAB 




LAB NUMBER 




AVFl.-2 




06/23/20J.J. 




l.5:00 




EL 




l.0604500l.9 




AVFl.-2 




l.0/2l./20J.J. 




J.J.:45 




EL 




J.J.00352007 




AVFl.-2 




0l./26/20l.2 




l.4:l.2 




EL 




20l.03030J.J. 




AVFl.-2 




04/23/201.2 




J.J.:35 




EL 




204047J.00l. 




SAMPLE NUMBER OTRCRl.l.06-0l.9 OTRCRl.l.l.0-406 OTRCR-l.20l.-l.5 OCC-l.204-500 




-- PHYSICAL PARAMETERS -




DEPTH TO WATER LEVEL (FEET) 




PH (FLO) 




PH 




SODIUM ADSORPTION RATIO 




SC (UMHOS/CM AT 25 C) 




SC (UMHOS/CM AT 25 C) (FLO) 




TDS (MEASURED AT l.80 C) 




WATER TEMPERATURE (FLO) 




MAJOR CONSTITUENTS -




CALCIUM (CA) DIS 




CALCIUM (CA) TRC 




MAGNESIUM (MG) DIS 




MAGNESIUM (MG) TRC 




SODIUM (NA) DIS 




SODIUM (NA) TRC 




POTASSIUM (Ie) DIS 




POTASSIUM (K) TRC 




TOTAL ALKALINITY AS CAC03 




BICARBONATE (HC03) 




CARBONATE AS C03 




SULFATE (S04) 




CHLORIDE (CL) 




FLUORIDE (F) 




HYDROXIDE (OH) 




NUTRIENTS --




TOTAL AMMONIA (NH3+NH4 AS N) 




NITRATE + NITRITE AS N 




PHOSPHORUS (P) TOT 




- - METALS & MINOR CONSTITUENTS -




ALUMINUM (AL) DIS 




ALUMINUM (AL) TRC 




ARSENIC (AS) DIS 




ARSENIC (AS) TRC 




BARIUM (BA) DIS 




BARIUM (BA) TRC 




BERYLLIUM (BE) DIS 




BERYLLIUM (BE) TRC 




BORON (B) DIS 




BORON (B) TRC 




CADMIUM (CD) DIS 




CADMIUM (CD) TRC 




CHROMIUM (CR) DIS 




CHROMIUM (CR) TRC 




COPPER (CU) DIS 




COPPER (CU) TRC 




IRON (FE) DIS 




IRON (FE) TRC 




LEAD (PB) DIS 




7.36 




7.67 




8.4 




5.23 




l.600.0 




l.799.0 




J.J.50.0 




J.J..3 




51..0 




52.0 




65.0 




65.0 




240.0 




239.0 




14.0 




l.5.0 




500.0 




6l.0.0 




<4.0 




390.0 




7.0 




1..5 




o .J.3 




<0.01 




0.029 




<0.1 




<0.1 




<0.003 




<0.003 




0.024 




0.024 




NR 




NR 




0.54 




0.53 




<0.00008 




<0.00008 




<0.00l. 




<0.001 




<0.001 




<0.00l. 




1..58 




l..96 




<0.0005 




8.99 




7.5 




7.9 




5.22 




l.530.0 




l.630.0 




J.J.20.0 




9.8 




55.0 




66.0 




242.0 




16.0 




520.0 




630.0 




<4.0 




430.0 




7.0 




1..4 




0.02 




UJ1 




<0.1 




<0.003 




o .02l. 




<0.001 




0.57 




<0.00008 




<0.001 




<0.001 




1.74 




<0.0005 




8.82 




7.63 




7.7 




5. J.3 




l.790 .0 




l.73J..0 




J.J. 70.0 




9.8 




54.0 




65.0 




236.0 




16.0 




450.0 




540.0 




6.0 




410.0 




8.0 




1..5 




<1.0 




<0.01 




<0.1 




<0.003 




0.022 




<0.001 




0.6 




<0.00008 




<0.001 




<0.001 




1..65 




<0.0005 




7.8 




5.l.5 




l.740.0 




J.J.70.0 




56.0 




67.0 




241.0 




l.6.0 




520.0 




620.0 




4.0 




470.0 




8.0 




1.4 




<4.0 




<0.01 




<0.1 




<0.003 




0.021 




<0.001 




0.6 




<0.00008 




0.004 




<0.001 




1..32 




<0.0005 




DataMan Program 




NOTES: All results in mg/L (Water) or mg/kg (Soil) unless noted and are laboratory (LAB) unless field (FLO) or calculated (CALC) 




TOT:Total; DIS:Dissolved; TRC:Total Recoverable; E:Estimated; <:Less Than Detect. Blank: parameter not tested 




Validation Flags: A:Anomalous; UJJ.:Blanki J2, UJ2: Standard; J3 :Hold Time; J4, UJ4 :Duplicate, Spike, or Split Exceedance; 




R:Rejected. 
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OTTCR!{ - Otter Creek Coal - Otter Creek Drainage Alluvium - WQ To 3/12 DataMan Program 




Sample Type: Groundwater 




SITE CODE AVFl-2 AVFl-2 AVFl-2 AVFl-2 




SAMPLE DATE 06/23/2011 10/21/2011 01/26/2012 04/23/2012 




SAMPLE TIME 15,00 11,45 14,12 11,35 




LAB EL EL EL EL 




LAB NUMBER 1060450019 1100352007 2010303011 2040471001 




SAMPLE NUMBER OTRCR1106-019 OTRCR1110-406 OTRCR-1201-15 OCC-1204-500 




-- METALS & MINOR CONSTITUENTS --




LEAD (PB) TRC <0.0005 




MANGANESE (MN) DIS 0.188 0.188 0.191 0.189 




MANGANESE (MN) TRC 0.187 




MERCURY (HG) DIS <0.0001 <0.00005 <0.00005 <0.00005 




MERCURY (HG) TOT <0.0001 




MOLYBDENUM (MO) DIS 0.01 0.009 0.01 0.01 




MOLYBDENUM (MO) TRC 0.01 




NICKEL (NI) DIS <:0.01 <0.01 <:0.0l. <:0.01 




NICKEL (NI) TRC <0.01 




SELENIUM (SE) DIS <0.001 <0.001 <0.001 <0.001 




SELENIUM (SE) TRC <0.001 




VANADIUM (V) DIS <:0.1 <0.1 <0.1 <:O.l 




VANADIUM (V) TRC <.0.1 




ZINC (ZN) DIS <0.01 <0.01 <0.01 <0.01 




ZINC (ZN) TRC <0.01 




NOTES, All results in mg/L (Water) or mg/kg (Soil) unless noted and are laboratory (LAB) unless field (FLO) or calculated (CALC) 




TOT:Totalj DIS:Dissolvedj TRC:Total Recoverable; E:Estimatedj c::::Less Than Detect. Blank: parameter not tested 




Validation Flags: A:Anomalous; UJ1:Blank.j J2, UJ2: Standard; J3 :Hold Time; J4, UJ4 :Duplicate, Spike, or Split Exceedance; 




R:Rejected. 
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OTTCRK - Otter Creek Coal - Otter Creek Drainage Alluvium - WQ To 3/12 DataMan Program 




Sample Type: Groundwater 




SITE CODE AVF2-2 AVF2-2 AVF2-2 




SAMPLE DATE 06/23/20H 01/10/2012 04/26/2012 




SAMPLE TIME 13,50 17,05 H,15 




LAB EL EL EL 




LAB NUMBER 106045001B 2010179004 2040471032 




SAMPLE NUMBER OTRCRll06-01B OTRCR-1201-20 OCC-1204-531 




-- PHYSICAL PARAMETERS --




DEPTH TO WATER LEVEL (FEET) 3.54 4. B9 




PH (FLO) 7.6 7.46 




PH B.2 7.6 7.5 




SODIUM ADSORPTION RATIO 6.04 5. B3 5.92 




SC (UMHOS/CM AT 25 C) 3120.0 3330.0 3300.0 




SC (UMHOS/CM AT 25 C) (FLO) 3550.0 3HO.0 




TOS (MEASURED AT lBO C) 2750.0 2410.0 2540.0 




WATER TEMPERATURE (FLO) 10.0 9.1 




MAJOR CONSTITUENTS --




CALCIUM (CA) DIS 105.0 109.0 100.0 




CALCIUM (CA) TRC 103.0 




MAGNESIUM (MG) DIS lB5.0 162.0 166.0 




MAGNESIUM (MG) TRC lB4.0 




SODIUM (NA) DIS 445.0 410.0 416.0 




SODIUM (NA) TRC 443.0 




POTASSIUM (K) DIS 20.0 21.0 20.0 




POTASSIUM (K) TRC 19.0 




TOTAL ALKALINITY AS CAC03 500.0 490.0 490.0 




BICARBONATE (HC03) 610.0 5BO.0 600.0 




CARBONATE AS C03 <4.0 9.0 <1.0 




SULFATE (S04) 1500.0 1400.0 1400.0 




CHLORIDE (CL) B.O 9.0 9.0 




FLUORIDE (F) O.B O.B 0.7 




HYDROXIDE (OH) <1..0 <:4.0 




NUTRIENTS --




TOTAL AMMONIA (NH3+NH4 AS N) 0.16 




NITRATE + NITRITE AS N <0.01 <0.01 <:0.01 




PHOSPHORUS (P) TOT 0.023 




-- METALS & MINOR CONSTITUENTS --




ALUMINUM (AL) DIS <:0.1 <0.1. <0.1. 




ALUMINUM (AL) TRC <0.1. 




ARSENIC (AS) DIS 0.003 0.004 0.003 




ARSENIC (AS) TRC 0.004 




BARIUM (BA) DIS 0.027 0.02 0.02 




BARIUM (BA) TRC 0.02B 




BERYLLIUM (BE) DIS <0.001 <0 _ 001 <0.001 




BERYLLIUM (BE) TRC <O.DOl. 




BORON (B) DIS 0.47 0.53 0.5 




BORON (B) TRC 0.45 




CADMIUM (CD) DIS <0.00008 <O.OOOOB <0.00008 




CADMIUM (CD) TRC <0.00008 




CHROMIUM (CR) DIS <0.001 <0.001 <0. DOl. 




CHROMIUM (CR) TRC <0.001 




COPPER (CU) DIS <0.001 <0.001 <0.001 




COPPER (CU) TRC <O.DOl 




IRON (FE) DIS 4.33 4.19 4.25 




IRON (FE) TRC 5.44 




LEAD (PB) DIS <0.0005 <0.0005 <0.0005 




LEAD (PB) TRC <0.0005 




MANGANESE (MN) DIS 0.879 0.729 0.782 




NOTES, All results in mg/L (Water) or mg/kg (Soil) unless noted and are laboratory (LAB) unless field (FLO) or calculated (CALC) 




TOT: Total; DIS:Dissolved; TRC:Total Recoverable; E:Estirnated; c:::Less Than Detect. Blank: parameter not tested 
Validation Flags: A:Anomalous; UJ1:Blankj J2,UJ2: Standard; J3:Hold Time; J4,UJ4:Duplicate, Spike, or Split Exceedancej 




R:Rejected. 
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OTTCRK - Otter Creek Coal - Otter Creek Drainage Alluvium - WQ To 3/12 DataMan Program 




Sample Type: Groundwater 




SITE CODE AVF2-2 AVF2-2 AVF2-2 




SAMPLE DATE 06/23/2011 01/10/2012 04/26/2012 




SAMPLE TIME 13:50 17:05 11:15 




LAB EL EL EL 




LAB NUMBER 1060450018 2010179004 2040471032 




SAMPLE NUMBER OTRCR1106-018 OTRCR-1201-20 OCC-1204-531 




-- METALS & MINOR CONSTITUENTS --




MANGANESE (MN) TRC 0.878 




MERCURY (HG) DIS <0.0001 <0.00005 <0.00005 




MERCURY (HG) TOT <0.0001 




MOLYBDENUM (MO) DIS 0.879 0.008 0.008 




MOLYBDENUM (MO) TRC 0.878 




NICKEL (NI) DIS <O.Ol <0.01 <0.01 




NICKEL (NI) TRC <O.Ol 




SELENIUM (SE) DIS <0.001 <O.OOl <0.001 




SELENIUM (SE) TRC <0. DOl 




VANADIUM (V) DIS <0.1 <0.1 o::::O.l 




VANADIUM (V) TRC <:O.l 




ZINC (ZN) DIS <0.01 <:0.01 <0.01. 




ZINC (ZN) TRC <0.01 




NOTES: All results in mg/L (Water) or mg/kg (Soil) unless noted and are laboratory (LAB) unless field (FLD) or calculated (CALC) 




TOT:Totalj DIS:Dissolved; TRC:Total Recoverable; E:Estirnatedj <:Less Than Detect. Blank: parameter not tested 




Validation Flags: A:Anomalousj UJ1:Blankj J2,UJ2: Standard; J3:Hold Time; J4,UJ4:Duplicate, Spike, or Split Exceedance; 




R:Rejected. 
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OTTCRK - Otter Creek Coal - Otter Creek Drainage Alluvium - WQ To 3/12 




Sample Type: Groundwater 




SITE CODE 




SAMPLE DATE 




SAMPLE TIME 




LAB 




LAB NUMBER 




AVF3-2 




06/22/2011 




n:30 




EL 




1060450012 




AVF3-2 




10/20/2011 




16:20 




EL 




1100352001 




AVF3-2 




01/10/2012 




12 :15 




EL 




2010179001 




AVF3-2 




04/25/2012 




09:57 




EL 




2040471019 




SAMPLE NUMBER OTRCR1106-012 OTRCR1110-400 OTRCR-1201-20 OCC-1204-516 




-- PHYSICAL PARAMETERS 




DEPTH TO WATER LEVEL (FEET) 




PH (FLD) 




PH 




SODIUM ADSORPTION RATIO 




SC (UMHOS/CM AT 25 C) 




SC (UMHOS/CM AT 25 C) (FLD) 




TDS (MEASURED AT 160 C) 




WATER TEMPERATURE (FLD) 




MAJOR CONSTITUENTS -




CALCIUM (CA) DIS 




CALCIUM (CA) TRC 




MAGNESIUM (MG) DIS 




MAGNESIUM (MG) TRC 




SODIUM (NA) DIS 




SODIUM (NA) TRC 




POTASSIUM (K) DIS 




POTASSIUM (K) TRC 




TOTAL ALKALINITY AS CAC03 




BICARBONATE (HC03) 




CARBONATE AS C03 




SULFATE (S04) 




CHLORIDE (CL) 




FLUORIDE (F) 




HYDROXIDE (OH) 




NUTRIENTS --




TOTAL AMMONIA (NH3+NH4 AS N) 




NITRATE + NITRITE AS N 




PHOSPHORUS (P) TOT 




-- METALS & MINOR CONSTITUENTS -




ALUMINUM (AL) DIS 




ALUMINUM (AL) TRC 




ARSENIC (AS) DIS 




ARSENIC (AS) TRC 




BARIUM (BA) DIS 




BARIUM (BA) TRC 




BERYLLIUM (BE) DIS 




BERYLLIUM (BE) TRC 




BORON (B) DIS 




BORON (B) TRC 




CADmUM (CD) DIS 




CADMIUM (CD) TRC 




CHROMIUM (CR) DIS 




CHROMIUM (CR) TRC 




COPPER (CU) DIS 




COPPER (CU) TRC 




IRON (FE) DIS 




IRON (FE) TRC 




LEAD (PB) DIS 




7.71 




7.57 




8.5 




6.59 




4370.0 




5000.0 




4220.0 




11.l 




177.0 




171.0 




303.0 




300.0 




623.0 




606.0 




23.0 




22.0 




700.0 




650.0 




<4.0 




2200.0 




21.0 




0.6 




0.18 




cO .01 




0.028 




.::0.1 




.::0.1 




.::0.003 




<0.003 




0.023 




0.025 




<0.001 




.::0.001 




0.35 




0.34 




<0.00008 




<O.OOOOS 




<0.001 




<0.001 




<0.001 




.::0.001 




1.99 




2.24 




J4D 




<0.0005 




10.06 




7.4 




7.5 




6.3l 




4110.0 




4620.0 




4140.0 




lO.l 




193.0 




306.0 




606.0 




24.0 




700.0 




650.0 




.::4.0 




2300.0 




20.0 




0.6 




.::0.01 




.::0.1 




<0.003 




0.021 




<0.001 




0.34 




<0.00008 




.::0.001 




.::0.001 




1. 72 




<0.0005 




9.89 




7.26 




7.4 




6.63 




5000.0 




4930.0 




3960.0 




9.9 




206.0 




296.0 




654.0 




24.0 




710.0 




860.0 




.::1.0 




2300.0 




25.0 




0.6 




.::1.0 




.::0.01 




.::0.1 




0.003 




0.021 




.::0.001 




0.35 




<0.00006 




.::0.001 




.::0.001 




1.84 




<0.0005 




7.7 




6.2 




4900.0 




4220.0 




195.0 




316.0 




602.0 




24.0 




710.0 




870.0 




.::1.0 




2300.0 




22.0 




0.6 




.::4.0 




.::0.01 




.::0.1 




<0.003 




0.021 




.::0.001 




0.37 




<0. DODOS 




<0.001 




<0.001 




1. 75 




<0.0005 




DataMan Program 




NOTES: All results in mg/L (Water) or mg/kg (Soil) unless noted and are laboratory (LAB) unless field (FLD) or calculated (CALC) 




TOT:Totalj DIS:Dissolvedj TRC:Total Recoverable; E:Estimated; <:Less Than Detect. Blank: parameter not tested 




Validation Flags: A :Anomalous; UJl :Blank; J2, UJ2: Standard; J3: Hold Time; J4, UJ4 :Duplicate, Spike, or Split Exceedancej 




R:Rejected. 
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OTTCRK - Otter Creek Coal - Otter Creek Drainage Alluvium - WQ To 3/~2 DataMan Program 




Sample Type: Groundwater 




SITE CODE AVF3-2 AVF3-2 AVF3-2 AVF3-2 




SAMPLE DATE 06/22/20H 10/20/20H 01/10/2012 04/25/2012 




SAMPLE TIME 12:30 16:20 12:15 09:57 




LAB EL EL EL EL 




LAB NUMBER 1060450012 H00352001 2010179001 2040471019 




SAMPLE NUMBER OTRCR1106-012 OTRCRHl.O-400 OTRCR-1201-20 OCC-1204-51B 




-- METALS & MINOR CONSTITUENTS --




LEAD (PB) TRC <0.0005 




MANGANESE (MN) DIS 1. 64 l..64 1.63 1.66 




MANGANESE (MN) TRC 1.61 




MERCURY (HG) DIS <0.0001 <0.00005 cO.00005 <0.00005 




MERCURY (HG) TOT <0.000l. 




MOLYBDENUM (MO) DIS <0.005 <0.005 <0.005 <0.005 




MOLYBDENUM (MO) TRC <0.005 




NICKEL (NI) DIS <O.O~ <0.01 cO.01 <0.01 




NICKEL (NI) TRC <0.01 




SELENIUM (SE) DIS cO.DOl. cO.OOl <O.OOl <0.001 




SELENIUM (SE) TRC <0.001 




VANADIUM (V) DIS cD.l. <0.1 <0.1 <0.1 




VANADIUM (V) TRC cO .1 




ZINC (ZN) DIS <0.01 <0.01 <0.01 <0.0l. 




ZINC (ZN) TRC <0.01 




NOTES: All results in mg/L (Water) or mg/kg (Soil) unless noted and are laboratory (LAB) unless field (FLD) or calculated (CALC) 




TOT:Totalj DIS:Dissolvedj TRC:Total Recoverablej E:Estirnated; <:Less Than Detect. Blank: parameter not tested 




Validation Flags! A:Anornalous; UJ1:Blank; J2, UJ2: Standard; J3 : Hold Time; J4, UJ4 :Duplicate, Spike, or Split Exceedancej 




R:Rejected. 
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OTTeRK - Otter Creek Coal - Otter Creek Drainage Alluvium - WQ To 3/12 




Sample Type: Groundwater 




SITE CODE 




SAMPLE DATE 




SAMPLE TIME 




LAB 




LAB NUMBER 




AVF4-1 




08/25/2011 




06:30 




EL 




1080526003 




SAMPLE NUMBER OTRCRll08-852 




-- PHYSICAL PARAMETERS --




DEPTH TO WATER LEVEL (FEET) 5.75 




PH (FLO) 7.6 




PH 8.0 




SODIUM ADSORPTION RATIO 7.12 




SC (UMHOS/CM AT 25 C) 4920.0 




SC (UMHOS/CM AT 25 C) (FLO) 5920.0 




TDS (MEASURED AT 180 C) 4880.0 




WATER TEMPERATURE (FLO) 9.0 




MAJOR CONSTITUENTS --




CALCIUM (CA) DIS 209.0 




CALCIUM (CA) TRC 221.0 




MAGNESIUM (MG) DIS 388.0 




MAGNESIUM (MG) TRC 397.0 




SODIUM (NA) DIS 753.0 




SODIUM (NA) TRC 754.0 




POTASSIUM (IC) DIS 27.0 




POTASSIUM (IC) TRC 27.0 




TOTAL ALKALINITY AS CAC03 760.0 




BICARBONATE (HC03) 930.0 




CARBONATE AS C03 <4.0 




SULFATE (S04) 2800.0 




CHLORIDE (CL) 25.0 




FLUORIDE (F) 0.8 




NUTRIENTS --




TOTAL AMMONIA (NH3+NH4 AS N) 0.69 




NITRATE + NITRITE AS N <0.01 




PHOSPHORUS (P) TOT 0.024 




-- METALS & MINOR CONSTITUENTS --




ALUMINUM (AL) DIS <0.1 




ALUMINUM (AL) TRC 0.2 




J4D 




ARSENIC (AS) DIS 0.004 




ARSENIC (AS) TRC 0.004 




BARIUM (BA) DIS 0.025 




BARIUM (BA) TRC 0.031 




BERYLLIUM (BE) DIS <0.001 




BERYLLIUM (BE) TRC <0.001 




BORON (B) DIS 0.46 




BORON (B) TRC 0.44 




CADMIUM (CD) DIS <0.00008 




CADMIUM (CD) TRC <0.00008 




CHROMIUM (CR) DIS <0.001 




CHROMIUM (CR) TRC <0.001 




COPPER (CU) DIS <0.001 




COPPER (CU) TRC <0.001 




IRON (FE) DIS 7.12 




IRON (FE) TRC 8.02 




J4D 




DataMan Program 




NOTES: All results in mg/L (Water) or mg/kg (Soil) unless noted and are laboratory (LAB) unless field (FLO) or calculated (CALC) 




TOT:Totalj DIS:Dissolvedj TRC:Total Recoverable; E:Estimatedj <:Less Than Detect. Blame: parameter not tested 




Validation Flags: A:Anomalousj UJ1:Blank; J2, UJ2: Standard; J3 :Hold Time; J4, UJ4 :Duplicate, Spike, or Split Exceedance; 




R:Rejected. 
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OTTCRK - Otter Creek Coal - Otter Creek Drainage Alluvium - WQ To 3/12 DataMan Program 




Sample Type: Groundwater 




SITE CODE AVF4-1 




SAMPLE DATE 06/25/2011 




SAMPLE TIME 06,30 




LAB EL 




LAB NUMBER 1060526003 




SAMPLE NUMBER OTRCRH06-652 




-- METALS & MINOR CONSTITUENTS --




LEAD (PB) DIS <:0.0005 




LEAD (PB) TRC <0.0005 




MANGANESE (MN) DIS 2.31 




MANGANESE (MN) TRC 2.27 




MERCURY (HG) DIS <0.00005 




MERCURY (HG) TOT <D .DD005 




MOLYBDENUM (MO) DIS 0.006 




MOLYBDENUM (MO) TRC 0.006 




NICKEL (NI) DIS <a .01 




NICKEL (NI) TRC <0 .01 




SELENIUM (SE) DIS <0.001 




SELENIUM (SE) TRC <0. 001 




VANADIUM (V) DIS <a .J. 




VANADIUM (V) TRC <a .J. 




ZINC (ZN) DIS <a . OJ. 




ZINC (ZN) TRC <0.01 




NOTES: All results in mg/L (Water) or mg/kg (Soil) unless noted and are laboratory (LAB) unless field (FLO) or calculated (CALC) 




TOT:Total; DIS:Dissolvedj TRC:Total Recoverablej E:Estimated; <:Less Than Detect. Blame: parameter not tested 




Validation Flags: A:Anomalousj UJJ.:Blankj J2,UJ2: Standard; J3:Hold Timej J4,UJ4:Duplicate, Spike, or Split Exceedance; 




R:Rejected. 
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OTTCRK - Otter Creek Coal - 3 Mile Drainage Alluvium - WQ Data To 3/12 




INDEX 




Page Site Code 




1 A-5 




AVF6-3 




Site Name 




STATE A-5 




STATE AVF6-3 




Site Type 




Groundwater 




Groundwater 




Elevation MP Well Depth 















OTTCRK - Otter Creek Coal - 3 Mile Drainage Alluvium - WQ Data To 3/12 




Sample Type: Groundwater 




SITE CODE 




SAMPLE DATE 




SAMPLE TIME 




LAB 




LAB NUMBER 




REMARKS 




A-5 




08/25/2011 




08:30 




EL 




~080526004 




A-5 




~0/~8/2011 




13:55 




EL 




110034400~ 




A-5 




0~/~2/20~2 




11:42 




EL 




20110230~2 




DUPLICATE 




A-5 




OV~2/20~2 




11:40 




EL 




20110230~3 




SAMPLE NUMBER OTRCR1108-853 OTRCR11~0-700 OTRCR-~20~-13 OTRCR-~20~-13 




-- PHYSICAL PARAMETERS -




DEPTH TO WATER LEVEL (FEET) 




PH (FLO) 




PH 




SODIUM ADSORPTION RATIO 




SC (UMHOS/CM AT 25 C) 




SC (UMHOS/CM AT 25 C) (FLO) 




TDS (MEASURED AT ~80 C) 




WATER TEMPERATURE (FLO) 




MAJOR CONSTITUENTS -




CALCIUM (CA) DIS 




CALCIUM (CA) TRC 




MAGNESIUM (MG) DIS 




MAGNESIUM (MG) TRC 




SODIUM (NA) DIS 




SODIUM (NA) TRC 




POTASSIUM (K) DIS 




POTASSIUM (K) TRC 




TOTAL ALKALINITY AS CAC03 




BICARBONATE (HC03) 




CARBONATE AS C03 




SULFATE (S04) 




CHLORIDE (CL) 




FLUORIDE (F) 




HYDROXIDE (OH) 




NUTRIENTS --




TOTAL AMMONIA (NH3+NH4 AS N) 




NITRATE + NITRITE AS N 




PHOSPHORUS (P) TOT 




- - METALS " MINOR CONSTITUENTS -




ALUMINUM (AL) DIS 




ALUMINUM (AL) TRC 




ARSENIC (AS) DIS 




ARSENIC (AS) TRC 




BARIUM (BA) DIS 




BARIUM (BA) TRC 




BERYLLIUM (BE) DIS 




BERYLLIUM (BE) TRC 




BORON (B) DIS 




BORON (B) TRC 




CADMIUM (CD) DIS 




CADMIUM (CD) TRC 




CHROMIUM (CR) DIS 




CHROMIUM (CR) TRC 




COPPER (CU) DIS 




COPPER (CD) TRC 




IRON (FE) DIS 




IRON (FE) TRC 




8.66 




7.48 




8.0 




5.28 




3450. a 
HOO. a 
3350.0 




~O.~ 




206.0 




~98 .0 




240.0 




225.0 




471.0 




482.0 




~6 .0 




~6 .0 




620.0 




760.0 




<:4.0 




~800.0 




13.0 




0.5 




<:0.05 




0.~9 




0.007 




<:0.1 




<:0.1 




UJ4D 




<0.003 




<0.003 




0.029 




0.03 




<:0.001 




<0. OO~ 




0.33 




0.33 




<:0.00008 




<0.00008 




<:0.001 




<0. OO~ 




<:0.001 




<:0.001 




0.~6 




0.5~ 




J4D 




8.95 




7.39 




7.6 




5.39 




3360. a 
4030. a 
3390.0 




11.~ 




208.0 




238. a 




480.0 




~6.0 




640 .0 




780.0 




<:4.0 




~900. 0 




~3.0 




0.5 




<:4.0 




O.H 




<:0.1 




<0.003 




0.026 




<:0.001 




0.32 




<0.00008 




<:0.001 




0.003 




0.08 




7.4 




5.94 




3940.0 




3220.0 




~96 .0 




214.0 




506.0 




~6 .0 




656.0 




800.0 




<:4.0 




~940. 0 




~1.0 




0.5 




<:4.0 




0.39 




.:.:0.1 




<0.003 




0.023 




<:0.001 




0.28 




<0.00008 




<:0.001 




<:0.001 




<:0.05 




7.3~ 




7.26 




7.3 




6.~7 




3940.0 




3758.0 




3320.0 




~0.6 




~97.0 




22~.0 




530.0 




~7.0 




679.0 




828.0 




<:4.0 




20~0.0 




~2.0 




0.5 




<:4.0 




0.4 




<:0.1 




<0.003 




0.024 




<:0.001 




0.3 




<0.00008 




<:0.001 




<:0.001 




<:0.05 




DataMan Program 




NOTES: All results in mg/L (Water) or mg/kg (Soil) unless noted and are laboratory (LAB) unless field (FLD) or calculated (CALC) 




TOT:Totalj DIS:Dissolvedj TRC:Total Recoverablej E:Estimated; <::Less Than Detect. Blank: parameter not tested 




Validation Flags: A: Anomalous j UJ1 :Blankj J2, UJ2: Standard; J3 :Hold Time; J4, UJ4 :Duplieate, Spike, or Split Exeeedaneej 




R:Rejeeted. 
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OTTCRK - Otter Creek Coal - 3 Mile Drainage Alluvium - WQ Data To 3/12 DataMan Program 




Sample Type: Groundwater 




SITE CODE A-S A-S A-S A-S 




SAMPLE DATE 08/25/2011 10/18/2011 01/12/2012 01/12/2012 




SAMPLE TIME 08,30 13,55 11,42 11,40 




LAB EL EL EL EL 




LAB NUMBER 1080526004 1100344001 2011023012 2011023013 




REMARKS DUPLICATE 




SAMPLE NUMBER OTRCR11 0 8-853 OTRCR1110-700 OTRCR-1201-13 OTRCR-1201-13 




-- METALS & MINOR CONSTITUENTS --




LEAD (PB) DIS <0.0005 <0.0005 <0.0005 <0.0005 




LEAD (PB) TRC <0.0005 




MANGANESE (MN) DIS 0.007 <0. ODS <0.005 <0.005 




MANGANESE (MN) TRC 0.008 




MERCURY (HG) DIS <0.00005 <0.00005 <0.00005 <0.00005 




MERCURY (HG) TOT <0.00005 




MOLYBDENUM (MO) DIS <0. ODS .::0.005 <0.005 <0.005 




MOLYBDENUM (MO) TRC <0. DOS 




NICKEL (NI) DIS <0.01 .::0.01 .::0.01 <0.01 




NICKEL (NI) TRC <0.01 




SELENIUM (SE) DIS 0.006 0.005 0.002 0.002 




SELENIUM (SE) TRC 0.006 




VANADIUM (V) DIS <0.1 .::0.1 <0.1 .::0.1 




VANADIUM (V) TRC .::0.1 




ZINC (ZN) DIS <0.01 <0.01 <0.01 .::0.01 




ZINC (ZN) TRC <0.01 




NOTES: All results in mg/L (Water) or mg/kg (Soil) unless noted and are laboratory (LAB) unless field (FLO) or calculated (CALC) 




TOT:Total; DIS:Dissolvedj TRC:Total Recoverable; E:Estimatedj .:::Less Than Detect. Blank: parameter not tested 




Validation Flags: A:Anomalousj UJl :Blankj J2, UJ2: Standard; J3 :Hold Time; J4, UJ4 :Duplicate, Spike, or Split Exceedancej 




R:Rejected. 
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OITCRK - Otter Creek Coal - 3 Mile Drainage Alluvium - WQ Data To 3/12 DataMan Program 




Sample Type: Groundwater 




SITE CODE AVF6-3 AVF6-3 AVF6-3 




SAMPLE DATE OB/24/2011 10/lB/2011 01/10/2012 




SAMPLE TIME 17,45 16,20 15,49 




LAB EL EL EL 




LAB NUMBER 10B0526002 1100344003 2010179003 




SAMPLE NUMBER OTRCR110B-B51 OTRCR1110-702 OTRCR-1201-20 




-- PHYSICAL PARAMETERS 




DEPTH TO WATER LEVEL (FEET) 12.77 12.77 12.75 




PH (FLD) 7.63 7.73 7.46 




PH B.2 B.O 7.6 




SODIUM ADSORPTION RATIO 6.14 6.45 6.32 




SC (UMHOS/CM AT 25 C) 2630.0 2500.0 3020.0 




SC (UMHOS/CM AT 25 C) (FLD) 3B50.0 2950.0 2B50.0 




TDS (MEASURED AT 1BO C) 2090.0 2150.0 2040.0 




WATER TEMPERATURE (FLD) 11.1 10.5 10.3 




MAJOR CONSTITUENTS --




CALCIUM (CA) DIS 99.0 98.0 104.0 




CALCIUM (CA) TRC 10B.0 




MAGNESIUM (MG) DIS 134.0 134.0 126.0 




MAGNESIUM (MG) TRC 144.0 




SODIUM (NA) DIS 399.0 419.0 405.0 




SODIUM (NA) TRC 411.0 




POTASSIUM (K) DIS 20.0 20.0 21.0 




POTASSIUM (K) TRC 21.0 




TOTAL ALKALINITY AS CAC03 590.0 610.0 630.0 




BICARBONATE (HC03) 720.0 740.0 740.0 




CARBONATE AS C03 0::4.0 0::4.0 14.0 




SULFATE (S04) 1000.0 1100.0 1100.0 




CHLORIDE (CL) 10.0 9.0 11.0 




FLUORIDE (F) O.B 0.7 O.B 




HYDROXIDE (OH) 0::4.0 <1.0 




NUTRIENTS --




TOTAL AMMONIA (NH3+NH4 AS N) o::O.OS 




NITRATE + NITRITE AS N 0.92 0.92 0.91 




PHOSPHORUS (P) TOT 0.059 




-- METALS & MINOR CONSTITUENTS --




ALUMINUM (AL) DIS 0::0.1 0::0.1 <O.l. 




ALUMINUM (AL) TRC 0::0.l. 




ARSENIC (AS) DIS 0.005 0.006 0.007 




ARSENIC (AS) TRC 0.006 




BARIUM (BA) DIS 0.022 0.019 0.019 




BARIUM (BA) TRC 0.023 




BERYLLIUM (BE) DIS <0.001 <0.001 0::0.001 




BERYLLIUM (BE) TRC 0::0.001 




BORON (B) DIS 0.44 0.44 0.45 




BORON (B) TRC 0.45 




CADMIUM (CD) DIS <O.OOOOB <0.00008 0::0.00008 




CADMIUM (CD) TRC <O.OOOOB 




CHROMIUM (CR) DIS <0.001 0::0. DOl. 0::0.001. 




CHROMIUM (CR) TRC 0::0. DOl. 




COPPER (CU) DIS 0.002 0::0. DOl. 0::0.001 




COPPER (CU) TRC 0::0.00l. 




IRON (FE) DIS <O.OS 0::0. OS 0::0.05 




IRON (FE) TRC 0.06 




LEAD (PB) DIS 0::0. ODDS <0.0005 <0.0005 




LEAD (PB) TRC <0.0005 




MANGANESE (MN) DIS 0.174 0.167 0.165 




NOTES, All results in mg/L (Water) or mg/kg (Soil) unless noted and are laboratory (LAB) unless field (FLD) or calculated (CALC) 




TOT:Total; DIS:Dissolved; TRC:Total Recoverable; E:Estimated; o:::Less Than Detect. Blank: parameter not tested 




Validation Flags: A:Anomalous; UJ1 :Blank; J2, UJ2: Standard; J3 :Hold Time; J4, UJ4 :Duplicate, Spike, or Split Exceedance; 




R:Rejected. 
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OTTeRK - Otter Creek Coal - 3 Mile Drainage Alluvium - WQ Data To 3/12 DataMan Program 




Sample Type: Groundwater 




SITE CODE AVF6-3 AVF6-3 AVF6-3 




SAMPLE DATE OB/24/20n J.0/J.B/20n 0J./J.0/20J.2 




SAMPLE TIME 17,45 J.6,20 J.5,49 




LAB EL EL EL 




LAB NUMBER J.OB0526002 n00344003 2010J. 79003 




SAMPLE NUMBER OTRCRJ.J.OB-B5J. OTRCRJ.nO-702 OTRCR-J.20J.-20 




-- METALS & MINOR CONSTITUENTS --




MANGANESE (MN) TRC o .J.79 




MERCURY (HG) DIS <0.00005 <0.00005 <0.00005 




MERCURY (HG) TOT <0.00005 




MOLYBDENUM (MO) DIS <0.005 <:0.005 <0.005 




MOLYBDENUM (MO) TRC <0.005 




NICKEL (NI) DIS <:0.01 <:0.01 <:0.01. 




NICKEL (NI) TRC <:0.01 




SELENIUM (SE) DIS 0.004 0.004 0.004 




SELENIUM (SE) TRC 0.004 




VANADIUM (V) DIS <o.l. <0.1 <:0.1 




VANADIUM (V) TRC <0.1 




ZINC (ZN) DIS <:0.01 <:0.01 <:0.01 




ZINC (ZN) TRC <:0.01 




NOTES, All results in mg/L (Water) or mg/kg (Soil) unless noted and are laboratory (LAB) unless field (FLO) or calculated (CALC) 




TOT:Totalj DIS:Dissolved; TRC:Total Recoverable; E:Estirnatedj <::Less Than Detect. Blame: parameter not tested 




Validation Flags: A:Anornalousj UJl :Blank; J2, UJ2: Standard; J3 :Hold Time; J4, UJ4 :Duplicate, Spike, or Split Exceedancej 




R:Rejected. 
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OTTCRK - Otter Creek Coal - Home Creek Drainage Alluvium - WQ To 3/12 




INDEX 




Page Site Code 




1 A-2 
3 AVFS-l 




Site Name 




STATE A-2 




AVFS-l 




Site Type 




Groundwater 




Groundwater 




Elevation MP Well Depth 















OTTCRK - Otter Creek Coal - Home Creek Drainage Alluvium - WQ To 3/n DataMan Program 




Sample Type, Groundwater 




SITE CODE A-2 A-2 




SAMPLE DATE 06/23/20ll 04/26/2012 




SAMPLE TIME 13,48 10,00 




LAB EL EL 




LAB NUMBER 1060448014 2040471031 




SAMPLE NUMBER OTRCRKll06213 OCC-1204-530 




-- PHYSICAL PARAMETERS --




DEPTH TO WATER LEVEL (FEET) 48.76 




PH (FLO) 7.79 




PH 8.2 7.8 




SODIUM ADSORPTION RATIO 7.17 8.52 




SC (UMHOS/CM AT 25 C) 3050.0 2700.0 




SC (UMHOS/CM AT 25 C) (FLO) 3367.0 




TDS (MEASURED AT 180 C) 2380.0 1900.0 




WATER TEMPERATURE (FLO) 16.9 




MAJOR CONSTITUENTS --




CALCIUM (CA) DIS 72.0 53.0 




CALCIUM (CA) TRC 71.0 




MAGNESIUM (MG) DIS 161.0 86.0 




MAGNESIUM (MG) TRC 158.0 




SODIUM (NA) DIS 488.0 432.0 




SODIUM (NA) TRC 474.0 




POTASSIUM (K) DIS 15.0 23.0 




POTASSIUM (K) TRC 15.0 




TOTAL ALKALINITY AS CAC03 610.0 670.0 




BICARBONATE (HC03) 740.0 780.0 




CARBONATE AS C03 <4.0 17.0 




SULFATE (S04) 1200.0 750.0 




CHLORIDE (CL) 7.0 57.0 




FLUORIDE (F) 0.6 3.0 




HYDROXIDE (OH) <4.0 




NUTRIENTS --




TOTAL AMMONIA (NH3+NH4 AS N) <0.05 




NITRATE + NITRITE AS N 1.03 1.14 




PHOSPHORUS (P) TOT 0.023 




-- METALS & MINOR CONSTITUENTS --




ALUMINUM (AL) DIS <0.1 <0.1 




ALUMINUM (AL) TRC 0.2 




ARSENIC (AS) DIS <D.003 0.032 




ARSENIC (AS) TRC <0.003 




BARIUM (BA) DIS 0.018 0.019 




BARIUM (EA) TRC 0.023 




BERYLLIUM (BE) DIS <0.001 <0.001 




BERYLLIUM (BE) TRC <0.001 




BORON (B) DIS 0.31 0.4 




BORON (B) TRC 0.33 




CADMIUM (CD) DIS <0.00008 <0.00008 




CADMIUM (CD) TRC <0.00008 




CHROMIUM (CR) DIS <0.001 0.012 




CHROMIUM (CR) TRC <0.001 




COPPER (CU) DIS <0.001 <0.001 




COPPER (CU) TRC 0.002 




IRON (FE) DIS <0.05 <0.05 




IRON (FE) TRC 0.22 




LEAD (PB) DIS <0.0005 <0.0005 




LEAD (PB) TRC <0.0005 




MANGANESE (MN) DIS <0.005 <0.005 




NOTES, All results in mg/L (Water) or mg/kg (Soil) unless noted and are laboratory (LAB) unless field (FLO) or calculated (CALC) 




TOT:Total; DIS:Dissolved; TRC:Tocal Recoverable; E:Estimaced; <:Less Than Detect. Blank: parameter not tested 




Validation Flags: A:Anomalous; UJ1: Blank; J2, UJ2: Standard; J3 :Hold Time i J4, UJ4 :Duplicate, Spike, or Split Exceedanee; 




R:Rejected. 




wqanrpt2 v1.0 03/95 using s,\statout\\OTTCRK05.DBF Page 1 Hydrometries, Inc. OS/22/2012 















OTTCRK - Otter CreeJc. Coal - Home Creek Drainage Alluvium - WQ To 3/~2 DataMan Program 




Sample Type: Groundwater 




SITE CODE A-2 A-2 




SAMPLE DATE 06/23/2011. 04/26/2012 




SAMPLE TIME 13 :48 10:00 




LAB EL EL 




LAB NUMBER 1060448014 2040471031 




SAMPLE NUMBER OTRCRK11.06213 OCC-1204-530 




-- METALS & MINOR CONSTITUENTS --




MANGANESE (MN) TRC <0.005 




MERCURY (HG) DIS <0.00005 <0.00005 




MERCURY (HG) TOT <0.00005 




MOLYBDENUM (MO) DIS <0.005 0.012 




MOLYBDENUM (MO) TRC <0. DOS 




NICKEL (NI) DIS <0 .O~ <O.OJ. 




NICKEL (NI) TRC <0 .O~ 




SELENIUM (SE) DIS 0.003 0.005 




SELENIUM (SE) TRC 0.002 




VANADIUM (V) DIS <O.~ 0.2 




VANADIUM (V) TRC <O.~ 




ZINC (ZN) DIS <O.O~ <0.01 




ZINC (ZN) TRC <0.01 




NOTES: All results in mg/L (Water) or mg/kg (Soil) unless noted and are laboratory (LAB) unless field (FLD) or calculated (CALC) 




TOT:Totalj DIS:Dissolvedi TRC:Total Recoverable; E:Estimatedj <:Less Than Detect. Blank: parameter not tested 




Validation Flags: A:Anomalousi UJJ.:Blank; J2,UJ2: Standard; J3:Hold Timej J4,UJ4:Duplicate, Spike, or Split Exceedancej 




R:Rejected. 




wqanrpt2 vl.0 03/95 using s:\statout\\OTTCRK05.DBF Page 2 Hydrometrics, Inc. OS/22/2012 















OTTCRK - Otter Creek Coal - Home Creek Drainage Alluvium - WQ To 3/12 




Sample Type: Groundwater 




SITE CODE 




SAMPLE DATE 




SAMPLE TIME 




LAB 




LAB NUMBER 




AVF5-1 




06/23/201.1. 




1.l.,35 




EL 




1060450017 




AVF5-1 




10/21/201.1. 




1.l.,00 




EL 




1.l.00352006 




AVF5-1 




01/26/2012 




12,01 




EL 




2010303009 




AVF5-1 




04/23/2012 




12,lB 




EL 




2040471.002 




SAMPLE NUMBER OTRCRll06-017 OTRCRlll0-405 OTRCR-1201-14 OCC-1204-501 




-- PHYSICAL PARAMETERS -




DEPTH TO WATER LEVEL (FEET) 




PH (FLD) 




PH 




SODIUM ADSORPTION RATIO 




SC (UMHOS/CM AT 25 C) 




SC (UMHOS/CM AT 25 C) (FLD) 




TDS (MEASURED AT lBO C) 




WATER TEMPERATURE (FLD) 




MAJOR CONSTITUENTS -




CALCIUM (CA) DIS 




CALCIUM (CA) TRC 




MAGNESIUM (MG) DIS 




MAGNESIUM (MG) TRC 




SODIUM (NA) DIS 




SODIUM (NA) TRC 




POTASSIUM (K) DIS 




POTASSIUM (K) TRC 




TOTAL ALKALINITY AS CAC03 




BICARBONATE (HC03) 




CARBONATE AS C03 




SULFATE (S04) 




CHLORIDE (CL) 




FLUORIDE (F) 




HYDROXIDE (OH) 




NUTRIENTS --




TOTAL AMMONIA (NB3+NH4 AS N) 




NITRATE + NITRITE AS N 




PHOSPHORUS (P) TOT 




- - METALS & MINOR CONSTITUENTS -




ALUMINUM (AL) DIS 




ALUMINUM (AL) TRC 




ARSENIC (AS) DIS 




ARSENIC (AS) TRC 




BARIUM (BA) DIS 




BARIUM (BA) TRC 




BERYLLIUM (BE) DIS 




BERYLLIUM (BE) TRC 




BORON (B) DIS 




BORON (B) TRC 




CADMIUl>l (CD) DIS 




CADMIUM (CD) TRC 




CHROMIUM (CR) DIS 




CHROMIUM (CR) TRC 




COPPER (CU) DIS 




COPPER (CU) TRC 




IRON (FE) DIS 




IRON (FE) TRC 




LEAD (PB) DIS 




LEAD (PB) TRC 




MANGANESE (MN) DIS 




14 .17 




7.46 




B .3 




3.1 




1400.0 




1595.0 




1020.0 




10.9 




66.0 




B4.0 




77 .0 




82.0 




156.0 




152.0 




12.0 




12.0 




430.0 




530.0 




<:4.0 




410.0 




6.0 




1.5 




<:0.05 




0.57 




0.053 




<:O.l. 




2.0 




<0.003 




<0.003 




0.025 




0.062 




NR 




NR 




0.57 




0.6 




<O.OOOOB 




<0.00008 




<0.001 




0.004 




0.001 




0.008 




0.06 




3.Bl 




<0.0005 




0.0029 




0.061 




14.6 




7.6 




B.O 




3.02 




1300.0 




1390.0 




986.0 




B.B 




72.0 




75.0 




154.0 




13.0 




430.0 




520.0 




<4.0 




430.0 




6.0 




2.0 




0.66 




<0.1 




<:0.003 




0.024 




<0.001 




0.61 




<O.OOOOB 




<0.001 




<:0.001 




0.12 




<0.0005 




0.053 




14.22 




7.63 




7.5 




2.94 




1560.0 




150B.0 




1010.0 




B.8 




72.0 




74.0 




149.0 




13.0 




430.0 




530.0 




<:1. 0 




380.0 




7.0 




1.5 




<1.0 




0.64 




<O.l. 




<0.003 




0.022 




<:0.001 




0.63 




0.00094 




<:0. DOl. 




<0. DOl. 




<0.05 




<0.0005 




0.057 




7.7 




2.93 




1530.0 




1030.0 




75.0 




78.0 




152.0 




13.0 




440.0 




540.0 




<1.0 




440.0 




7.0 




1.5 




<4.0 




0.66 




<:0.1 




<:0.003 




0.022 




<0.001 




0.61 




<0.00008 




0.001 




0.002 




0.05 




<0.0005 




0.054 




DataMan Program 




NOTES: All results in mg/L (Water) or mg/kg (Soil) unless noted and are laboratory (LAB) unless field (FLO) or calculated (CALC) 




TOT:Totali OIS:Oissolvedi TRC:Total Recoverablei E:Estimated; <::Less Than Detect. Blank: parameter not tested 




Validation Flags: A:Anomalous; UJ1:Blanki J2,UJ2: Standard; J3:Hold Time; J4,UJ4:Duplicate, Spike, or Split Exceedancei 




R:Rejected. 




wqanrpt2 v1.0 03/95 using s,\stataut\\OTTCRIC05.DBF Page 3 Hydrometries, Inc. OS/22/2012 















OTTCRK - Otter Creek Coal - Home Creek Drainage Alluvium - WQ To 3/12 DataMan Program 




Sample Type: Groundwater 




SITE CODE AVF5-1 AVF5-1 AVF5-1 AVF5-1 




SAMPLE DATE 06/23/2011 10/21/2011 01/26/2012 04/23/2012 




SAMPLE TIME 11:35 11:00 12:01 12:18 




LAB EL EL EL EL 




LAB NUMBER 1060450017 1100352006 2010303009 2040471002 




SAMPLE NUMBER OTRCR1106-017 OTRCR1110-405 OTRCR-1201-14 OCC-1204-501 




-- METALS & MINOR CONSTlTOENTS --




MANGANESE (MN) TRC 0.107 




MERCURY (HG) DIS <0.0001 ,,0.00005 <0.00005 ,,0.00005 




MERCURY (HG) TOT ,,0.0001 




MOLYBDENUM (MO) DIS 0.008 0.007 0.007 0.007 




MOLYBDENUM (MO) TRC 0.008 




NICKEL (NI) DIS <0.01 <0 .01 <0.01 <0.01 




NICKEL (NI) TRC <0.01 




SELENIUM (SE) DIS <0.001 0.001 0.003 <0.001 




SELENIUM (SE) TRC 0.001 




VANADIUM (V) DIS <0.1 <0.1 <0.1 <0.1 




VANADIUM (V) TRC <0.1 




ZINC (ZN) DIS <0.01 <0 .01 <0.01 <0.01 




ZINC (ZN) TRC 0.02 




NOTES: All results in mg/L (Water) or mg/kg (Soil) unless noted and are laboratory (LAB) unless field (FLO) or calculated (CALC) 




TOT:Totalj DIS:Dissolvedj TRC:Total Recoverable; E:Estimated; <:Less Than Detect. Blank: parameter not tested 




Validation Flags: A:Anomalous; UJ1 : Blank; J2, UJ2: Standard; J3 :Hold Time; J4, UJ4 :Duplicate, Spike, or Split Exceedancej 




R:Rejected. 




wqanrpt2 vl.O 03/95 using s:\statout\\OTTCRK05.DBF Page 4 Hydrometries, Inc. OS/22/2012 















OTTCRK - Otter Creek Coal - 1.0 Mile Creek Alluvium - WQ Data To 3/2012 




INDEX 




Page Site Code Site Name Site Type Elevation MP Well Depth 




1 A-4 A-4 Groundwater 















OTTCRK - Otter Creek Coal - 10 Mile Creek Alluvium - WQ Data To 3/2012 




Sample Type: Groundwater 




SITE CODE 




SAMPLE DATE 




SAMPLE TIME 




LAB 




LAB NUMBER 




REMARKS 




A-4 




06/22/2011 




10:55 




EL 




1060450009 




A-4 




06/22/2011 




10:56 




EL 




1060450010 




DUPLICATE 




A-4 




10/21/2011 




07:50 




EL 




1100352002 




A-4 




01/11/2012 




09 :45 




EL 




2010179005 




A-4 




04/25/2012 




17 :52 




EL 




2040471026 




DataMan Program 




SAMPLE NUMBER OTRCR1106-009 OTRCR1106-010 OTRCR1110-401 OTRCR-1201-20 OCC-1204-525 




-- PHYSICAL PARAMETERS -




DEPTH TO WATER LEVEL (FEET) 




PH (FLO) 




PH 




SODIUM ADSORPTION RATIO 




SC (UMHOS/CM AT 25 C) 




SC (UMHOS/CM AT 25 C) (FLO) 




TDS (MEASURED AT 180 C) 




WATER TEMPERATURE (FLO) 




MAJOR CONSTITUENTS -




CALCIUM (CA) DIS 




CALCIUM (CA) TRC 




MAGNESIUM (MG) DIS 




MAGNESIUM (MG) TRC 




SODIUM (NA) DIS 




SODIUM (NA) TRC 




POTASSIUM (K) DIS 




POTASSIUM (K) TRC 




TOTAL ALKALINITY AS CAC03 




BICARBONATE (HC03) 




CARBONATE AS C03 




SULFATE (S04) 




CHLORIDE (CL) 




FLUORIDE (F) 




HYDROXIDE (OH) 




NUTRIENTS --




TOTAL AMMONIA (NH3+NH4 AS N) 




NITRATE + NITRITE AS N 




PHOSPHORUS (P) TOT 




- - METALS & MINOR CONSTITUENTS -




ALUMINUM (AL) DIS 




ALUMINUM (AL) TRC 




ARSENIC (AS) DIS 




ARSENIC (AS) TRC 




BARIUM (BA) DIS 




BARIUM (BA) TRC 




BERYLLIUM (BE) DIS 




BERYLLIUM (BE) TRC 




BORON (B) DIS 




BORON (B) TRC 




CADMIUM (CD) DIS 




CADMIUM (CD) TRC 




CHROMIUM (CR) DIS 




CHROMIUM (CR) TRC 




COPPER (CU) DIS 




COPPER (CU) TRC 




IRON (FE) DIS 




IRON (FE) TRC 




5.8 




7.77 




8.0 




4.83 




2790.0 




3120.0 




2420.0 




13.3 




107.0 




115.0 




184.0 




184.0 




355.0 




355.0 




14.0 




14.0 




520.0 




640.0 




<4.0 




1200.0 




7.0 




0.8 




<0.05 




0.06 




0.049 




<O.l. 




1..5 




<0.003 




<0.003 




0.018 




0.046 




<0.001 




<0.001 




0.43 




0.43 




<0.00008 




<0.00008 




<0. DOl. 




0.002 




<0.001 




0.003 




<0.05 




2.02 




J4D 




8.2 




4.88 




2800.0 




2400.0 




103.0 




106.0 




183.0 




175.0 




356.0 




338.0 




14.0 




14.0 




530.0 




650.0 




<4.0 




1200.0 




7.0 




0.8 




<0.05 




0.06 




0.04 




<O.l. 




1..2 




<0.003 




<0.003 




0.018 




0.04 




<0.001 




<0.001 




0.42 




0.42 




<0.00008 




<0.00008 




<0.001 




0.002 




<0.00l. 




0.003 




<0.05 




1.58 




6.76 




7.3 




7.8 




4.73 




2600.0 




2880.0 




2270.0 




9.4 




114.0 




186.0 




352.0 




15.0 




530.0 




650.0 




<4.0 




1300.0 




7.0 




0.8 




0.12 




<0.1 




<0.003 




0.016 




<0.001 




0.42 




<0.00008 




<0.001 




<0.001 




<0.05 




6.58 




7.54 




7.5 




4.64 




3150.0 




3010.0 




2300.0 




9.3 




121.. 0 




178.0 




343.0 




15.0 




540.0 




640.0 




13.0 




1300.0 




8.0 




0.8 




<1.0 




0.1 




<0.1 




<0.003 




0.016 




<0.001 




0.43 




<0.00008 




<0.001 




<0.00l. 




<0.05 




7.4 




4.68 




3100.0 




2330.0 




114.0 




186.0 




349.0 




15.0 




550.0 




670.0 




<1.0 




1300.0 




7.0 




0.7 




<4.0 




0.06 




<0.1 




<0.003 




0.016 




<0.001 




0.44 




<0.00008 




<0.001 




<0. 001 




<0. 05 




NOTES: All results in mg/L (Water) or mg/kg (Soil) unless noted and are laboratory (LAB) unless field (FLD) or calculated (CALC) 




TOT:Totalj DIS:Dissolvedj TRC:Total Recoverable; E:Estimated; <:Less Than Detect. Blank: parameter not tested 




Validation Flags: A:Anomalousj UJ1:Blankj JZ,UJ2: Standardj J3:Hold Time; J4,UJ4:Duplicate, Spilce, or Split Exceedancej 




R:Rejected. 




wqanrpt2 v1.0 03/95 using s:\statout\\OTTCRK03.DBF Page 1 Hydrometries, Inc. OS/22/2012 















OTTCRK - Otter Creek Coal - 10 Mile Creek Alluvium - WQ Data To 3/2012 DataMan Program 




Sample Type: Groundwater 




SITE CODE A-4 A-4 A-4 A-4 A-4 




SAMPLE DATE 06/22/2011 06/22/2011 10/21/2011 01/11/20l.2 04/25/2012 




SAMPLE TIME 10,55 10,56 07,50 09,45 l.7,52 




LAB EL EL EL EL EL 




LAB NUMBER 1060450009 l.060450010 1100352002 2010179005 2040471026 




REMARKS DUPLICATE 




SAMPLE NUMBER OTRCR1106-009 OTRCR1106-010 OTRCR1110-401 OTRCR-1201-20 OCC-1204-525 




-- METALS & MINOR CONSTITUENTS --




LEAD (PB) DIS <0.0005 <0.0005 <0.0005 <:0.0005 <0.0005 




LEAD (PB) TRC 0.0015 0.0012 




MANGANESE (MN) DIS 1.29 1.27 1.28 1.26 1.29 




MANGANESE (MN) TRC 1.3 1.23 




MERCURY (HG) DIS <0.0001 <O.OOOl <0.00005 <0.00005 <0.00005 




MERCURY (HG) TOT <0.0001 <0.000l. 




MOLYBDENUM (MO) DIS 0.007 0.007 0.007 0.007 0.007 




MOLYBDENUM (MO) TRC 0.007 0.007 




NICKEL (NI) DIS <0.01 <:0.01 <O.OJ. <0.01 <0.01 




NICKEL (NI) TRC <0.01 <0.01 




SELENIUM (SE) DIS <0.00l. <0. DOl <0.001 <0.00l. <0. 001 




SELENIUM (SE) TRC <0.001 <0.00l. 




VANADIUM (V) DIS <:0.1 <:O.l <:0.1 <0.1 <:0.1 




VANADIUM (V) TRC <0.1 <:0.1 




ZINC (ZN) DIS <0.01 <0.01 <0.01 <0.01 <O.OJ. 




ZINC (ZN) TRC <0.01 <0.01 




NOTES, All results in mg/L (Water) or mg/kg (Soil) unless noted and are laboratory (LAB) unless field (FLO) or calculated (CALC) 




TOT:Totalj DIS:Dissolvedj TRC:Total Recoverable; E:Estirnated; <:Less Than Detect. Blank: parameter not tested 




Validation Flags: A:Anomalousj UJ1:Blankj J2,UJ2: Standard; J3:Hold Time; J4,UJ4:Duplicate, Spike, or Split Exceedancej 




R:Rejected. 




w'lanrpt2 v1. 0 03/95 using s, \statout\\OTTCRIC03 .DBF Page 2 Hydrometries, Inc. OS/22/2012 















SURFACE WATER STATIONS 















OTTCRK - Otter Creek Coal - Otter Creek Drainage Surface Water To 3/~2 




INDEX 




Page Site Code 




1 SW-2 




SW-16 




Site Name Site Type 




SW-2 Otter Crk Dwngradient, upstream of 3 Mi Surface Water 




GNP SW-16 Otter Creek Adj to proposed mine si Surface Water 




Elevation MP Well Depth 















OTTCRIC - Otter Creek Coal - Otter Creek Drainage Surface Water To 3/12 DataMan Program 




Sample Type, Surface Water 




SITE CODE SW-2 SW-2 SW-2 




SAMPLE DATE 06/15/2011 10/26/2011 03/14/2012 




SAMPLE TIME 10,40 10,00 18,30 




LAB EL EL EL 




LAB NUMBER 1060332005 1100409009 2030214010 




SAMPLE NUMBER OTRCRll06-113 OTRCR1110-762 OCC-1203-109 




-- PHYSICAL PARAMETERS --




FLOW (cfs) 29.7 8.3 




PH (FLO) 8.05 8.78 8.03 




PH 8.5 8.6 8.1 




SODIUM ADSORPTION RATIO 5.58 6.24 4.82 




SC (UMBOS/CM AT 25 C) 3640.0 3410.0 3290.0 




SC (UMHOS/CM AT 25 C) (FLO) 4030.0 3850.0 2950.0 




TDS (MEASURED AT 180 C) 3200.0 3000.0 2490.0 




TOTAL SUSPENDED SOLIDS 6.0 18.0 34.0 




J4D 




TURBIDITY (NTU) 3.6 9.1 20.1 




J4D J4D 




WATER TEMPERATURE (FLO) 19.8 4.9 8.0 




MAJOR CONSTITUENTS --




CALCIUM (CA) DIS 143.0 131.0 129.0 




CALCIUM (CA) TRC 145.0 132.0 135.0 




MAGNESIUM (MG) DIS 253.0 251. 0 200.0 




MAGNESIUM (MG) TRC 258.0 252.0 201. 0 




SODIUM (NA) DIS 479.0 520.0 375.0 




SODIUM (NA) TRC 480.0 530.0 382.0 




POTASSIUM (K) DIS 20.0 22.0 18.0 




POTASSIUM (K) TRC 21.0 22.0 18.0 




TOTAL ALKALINITY AS CAC03 630.0 620.0 480.0 




BICARBONATE (HC03) 700.0 670.0 580.0 




CARBONATE AS C03 30.0 40.0 <1.0 




SULFATE (S04) 1700.0 1800.0 1400.0 




CHLORIDE (CL) 12.0 22.0 13.0 




FLUORIDE (F) 0.6 0.6 0.5 




NUTRIENTS --




TOTAL AMMONIA (NH3+NH4 AS N) <0.05 <0.05 




NITRATE + NITRITE AS N <0.01 <0.01 0.38 




UJ4D 




PHOSPHORUS (P) TOT 0.029 0.02 




-- METALS & MINOR CONSTITUENTS --




ALUMINUM (AL) DIS <0.1 <0.1 <0.1 




ALUMINUM (AL) TRC <0.1 0.2 0.6 




ARSENIC (AS) DIS <0.003 <0.003 <0.003 




ARSENIC (AS) TRC <0.003 <0.003 <0.003 




BARIUM (BA) DIS 0.087 0.01 0.043 




BARIUM (BA) TRC 0.091 0.012 0.048 




BERYLLIUM (BE) DIS <0.001 <0.001 <0.001 




BERYLLIUM (BE) TRC <0.001 <0.001 <0.001 




BORON (B) DIS 0.4 0.38 0.24 




BORON (B) TRC 0.4 0.39 0.25 




CADMIUM (CD) DIS <O.OOOOB <O.OOOOB <0.00008 




CADMIUM (CD) TRC <0.00008 <0.00008 <0.00008 




CHROMIUM (CR) DIS <0.001 <0.001 <0.001 




CHROMIUM (CR) TRC <0.001 <0.001 <0.001 




NOTES: All results in mg/L (Water) or mg/kg (Soil) unless noted and are laboratory (LAB) unless field (FLO) or calculated (CALC) 




TOT:Total; DIS:Dissolved; TRC:Total Recoverable; E:Estimated; <:Less Than Detect. Blank: parameter not tested 




Validation Flags: A:Anomalous; UJ1 :Blankj J2, UJ2: Standard; J3 :Hold Time; J4, UJ4 :Duplicate, Spike, or Split Exceedance; 




R:Rejected. 




wqanrpt2 vl.0 03/95 using s,\statout\\OTTCRK09.DBF Page 1 Hydrometries, Inc. OS/23/2012 















OTTeR}{ - Ot ter Creek Coal - Ot ter Cree]c Drainage Surface Water To 3/~2 DataMan Program 




Sample Type, Surface Water 




SITE CODE SW-2 SW-2 SW-2 




SAMPLE DATE 06/15/2011 10/26/2011 03/14/2012 




SAMPLE TIME 10,40 10,00 18,30 




LAB EL EL EL 




LAB NUMBER 1060332005 1100409009 2030214010 




SAMPLE NUMBER OTRCR1106-113 OTRCR1110-762 OCC-1203-109 




- - METALS " MINOR CONSTITUENTS --




COPPER (CU) DIS 0.001 cO .001 0.002 




COPPER (CU) TRC 0.001 cO.OOl 0.002 




IRON (FE) DIS 0.08 cO .05 cO.05 




IRON (FE) TRC 0.22 0.32 1.n 




J4D 




LEAD (PB) DIS cO.0005 <0.0005 <0.0005 




LEAD (PB) TRC <0.0005 cO.0005 0.0007 




MANGANESE (MN) DIS 0.099 0.055 0.571 




MANGANESE (MN) TRC 0.106 0.063 0.595 




J4D 




MERCURY (HG) DIS <0.0001 <0.00005 <0.00005 




MERCURY (HG) TOT <0.0001 cO. 00005 <0.00005 




MOLYBDENUM (MO) DIS <0.005 cO. 005 <0.005 




MOLYBDENUM (MO) TRC <:0.005 <0.005 cO.005 




NICKEL (NI) DIS cO .01 cO.Ol <:0.01 




NICKEL (NI) TRC cO .01 cO.Ol cO.O~ 




SELENIUM (SE) DIS 0.001 cO.OOl 0.001 




SELENIUM (SE) TRC 0.001 cO.OOl 0.001 




VANADIUM (V) DIS cO.l cO.l cO.l 




VANADIUM (V) TRC cO.l cO.l cO.l. 




ZINC (ZN) DIS cO.Dl <:0.01. cD.Ol 




ZINC (ZN) TRC cD .01 cO.Ol <:0.01 




NOTES: All results in mg/L (Water) or mg/kg (Soil) unless noted and are laboratory (LAB) unless field (FLD) or calculated (CALC) 




TOT:Totalj DIS:Dissolvedj TRC:Total Recoverable; E:Estimated; c:Less Than Detect. Blank: parameter not tested 




Validation Flags: A:Anomalousj UJ1.:Blank; J2,UJ2: Standard; J3:Hold Time; J4,UJ4:Duplicate, Spike, or Split Exceedancej 




R:Rejected. 




wqanrpt2 vL 0 03/95 using s, \statout\\OTTCRK09 .DBF Page 2 Hydrometries, Inc. OS/23/201.2 















OTTeRK - Ot.ter Creek Coal - Ot.t.er Creek Drainage Surface Wat.er To 3/~2 




Sample Type: Surface Wat.er 




SITE CODE 




SAMPLE DATE 




SAMPLE TIME 




LAB 




LAB NUMBER 




REMARKS 




SW-J.6 




06/J.5/20J.J. 




J.5,00 




EL 




J.060332006 




SW-J.6 




J.0/26/20J.J. 




12 ,J.O 




EL 




J.J.004090J.2 




SW-J.6 




03/J.5/20J.2 




09,40 




EL 




2030214012 




SW-16 




03/J.5/20J.2 




09,4J. 




EL 




2030214013 




DUPLICATE 




SAMPLE NUMBER OTRCRJ.l06-114 OTRCRlll0-765 OCC-1203-J.ll OCC-1203-J.12 




- - PHYSICAL PARAMETERS -




FLOW (cfs) 




PH (FLO) 




PH 




SODIUM ADSORPTION RATIO 




SC (UMBOS/CM AT 25 C) 




SC (UMBOS/CM AT 25 C) (FLO) 




TDS (MEASURED AT 180 C) 




TOTAL SUSPENDED SOLIDS 




TURBIDITY (NTU) 




WATER TEMPERATURE (FLO) 




MAJOR CONSTITUENTS -




CALCIUM (CA) DIS 




CALCIUM (CA) TRC 




MAGNESIUM (MG) DIS 




MAGNESIUM (MG) TRC 




SODIUM (NA) DIS 




SODIUM (NA) TRC 




POTASSIUM (K) DIS 




POTASSIUM (K) TRC 




TOTAL ALKALINITY AS CAC03 




BICARBONATE (HC03) 




CARBONATE AS C03 




SULFATE (S04) 




CHLORIDE (CL) 




FLUORIDE (F) 




NUTRIENTS --




TOTAL AMMONIA (NH3+NH4 AS N) 




NITRATE + NITRITE AS N 




PHOS PHORUS (P) TOT 




- - METALS & MINOR CONSTITUENTS -




ALUMINUM (AL) DIS 




ALUMINUM (AL) TRC 




ARSENIC (AS) DIS 




ARSENIC (AS) TRC 




BARIUM (BA) DIS 




BARIUM (BA) TRC 




BERYLLIUM (BE) DIS 




BERYLLIUM (BE) TRC 




BORON (B) DIS 




BORON (B) TRC 




CADMIUM (CD) DIS 




CADMIUM (CD) TRC 




CHROMIUM (CR) DIS 




24.93 




8.J.6 




8.6 




5.37 




3560.0 




3910.0 




3360.0 




6.0 




J4D 




2.3 




J4D 




21.6 




140.0 




J.39.0 




245.0 




249.0 




455.0 




473.0 




20.0 




20.0 




620.0 




670.0 




44.0 




1700.0 




J.2.0 




0.6 




<0.05 




<0 .D~ 




UJ4D 




0.034 




<0.1 




<0.1 




<0.003 




<0.003 




0.087 




0.089 




<0.001 




<0.001 




0.39 




0.4 




<0.00008 




<0.00008 




<0. OO~ 




3.6 




8.78 




8.6 




6.08 




3410.0 




3780.0 




3090.0 




9.0 




2.4 




J4D 




5.8 




J.31.0 




130.0 




248.0 




242.0 




513.0 




513.0 




22.0 




22.0 




620.0 




660.0 




43.0 




1800.0 




21. 0 




0.6 




<0.05 




0.04 




0.021 




<0.1 




<0.1 




<0.003 




<0.003 




0.007 




0.007 




<0.001 




<0.001 




0.38 




0.41 




<0.00008 




<0.00008 




<0.001 




8.03 




8.0 




4.9 




3380.0 




3140.0 




2460.0 




18.0 




13.1 




5.9 




133.0 




140.0 




207.0 




209.0 




387.0 




402.0 




18.0 




18.0 




500.0 




610.0 




<1.0 




1500.0 




14.0 




0.5 




0.36 




<0.1 




0.2 




<0.003 




<0.003 




0.043 




0.046 




<0.001 




<0.001 




0.26 




0.26 




<0.00008 




<0.00008 




<0.001 




8.0 




4.87 




3380.0 




2550.0 




16.0 




13.7 




133.0 




137.0 




207.0 




205.0 




385.0 




393.0 




18.0 




18.0 




500.0 




610.0 




<1.0 




1500.0 




~4.0 




0.5 




0.36 




<0.1 




0.2 




<0.003 




<0.003 




0.041 




0.045 




<0.001 




<O.OOJ. 




0.25 




0.25 




<0.00008 




<0.00008 




<0.001 




DataMan Program 




NOTES, All results in rng/L (Water) or rng/kg (Soil) unless noted and are laboratory (LAB) unless field (FLO) or calculated (CALC) 




TOT:Total; DIS:Dissolved; TRC:Tot.al Recoverable; E:Estimated; <:Less Than Detect. Blank: parameter not tested 




Validation Flags: A:Anomalous; UJ~:Blanki J2, UJ2: Standard; J3 : Hold Time; J4, UJ4 :Duplicate, Spike, or Split Exceedancei 




R:Rejected. 




wqanrpt2 vl.0 03/95 using s,\statout\\OTTCRK09.DBF Page 3 Hydrometries, Inc. OS/23/2012 















OTTCRK - Otter Creek Coal - Otter Creek Drainage Surface Water To 3/12 DataMan Program 




Sample Type: Surface Water 




SITE CODE SW-26 SW-26 SW-26 SW-26 




SAMPLE DATE 06/25/2022 20/26/2022 03/25/2022 03/25/2022 




SAMPLE TIME 25:00 22:20 09:40 09:42 




LAB EL EL EL EL 




LAB NUMBER 2060332006 22004090l.2 20302240l.2 20302l.40l.3 




REMARKS DUPLICATE 




SAMPLE NUMBER OTRCR2206-224 OTRCRl.220-765 OCC-l.203-222 OCC-2203-222 




-- METALS & MINOR CONSTITUENTS --




CHROMIUM (CR) TRC <0.002 <0.001 <0. DOl. <0.001 




COPPER (CU) DIS <0.001 <0. DOl. <0. DOl <0. DOl. 




COPPER (CU) TRC 0.002 <0. DOl 0.002 0.002 




IRON (FE) DIS 0.05 <0.05 0.06 0.06 




IRON (FE) TRC 0.27 0.22 0.75 0.74 




J4D 




LEAD (PE) DIS <0.0005 <0.0005 <0.0005 <0.0005 




LEAD (PE) TRC <0.0005 <0.0005 <0.0005 <0.0005 




MANGANESE (MN) DIS 0.085 0.047 0.63 0.586 




MANGANESE (MN) TRC 0.089 0.05l. 0.628 0.63 




J4D 




MERCURY (HG) DIS <0.000l. <0.00005 <0.00005 <0.00005 




MERCURY (HG) TOT <0.000l. <0.00005 <0.00005 <0.00005 




MOLYBDENUM (MO) DIS <0.005 <0.005 <0.005 <0.005 




MOLYBDENUM (MO) TRC <0.005 <0.005 <0.005 <D. DOS 




NICKEL (NI) DIS <D. OJ. <O.Ol <0.0l. <0.0l. 




NICKEL (NI) TRC <0.01 <0.0l. <0.0l. <0.01 




SELENIUM (SE) DIS 0.002 <0. DOl. 0.00l. 0.002 




SELENIUM (SE) TRC 0.002 <0. DOl 0.00l. 0.00l. 




VANADIUM (V) DIS <O.J. <D.l. <O.l. <O.l. 




VANADIUM (V) TRC <O.l <O.l. <O.l. <O.l. 




ZINC (ZN) DIS <0. OJ. <0.0l. <0.0l. <D.Ol. 




ZINC (ZN) TRC <0. OJ. <0.0l. <0.0l. <D.Ol. 




NOTES: All results in mg/L (Water) or mg/kg (Soil) unless noted and are laboratory (LAB) unless field (FLD) or calculated (CALC) 




TOT:Totalj DIS:Dissolvedj TRC:Total Recoverablej E:Estirnatedj <:Less Than Detect. Blank: parameter not tested 




Validation Flags: A:Anomalous; UJ1:Blank; J2,UJ2: Standard; J3:Hold Time; J4,UJ4:Duplicate, Spike, or Split Exceedancej 




R:Rejected. 




wqanrpt2 vl.O 03/95 using s:\statout\\OTTCRlC09.DBF Page 4 Hydrometries, Inc. OS/23/2012 















OTTCRK - Otter Creek Coal - 3 Mile Drainage Surface Water To 3/12 




INDEX 




Page Site Code Site Name Site Type Elevation MP Well Depth 




1 SW-3 STATE SW-3 3 Mile Creek Near Otter Creek Surface Water 















OTTCRK - Otter Creek Coal - 3 Mile Drainage Surface Water To 3/12 DataMan Program 




Sample Type: Surface Water 




SITE CODE SW-3 SW-3 SW-3 




SAMPLE DATE 10/21/2011. 12/1.2/2011. 03/14/201.2 




SAMPLE TIME 10:00 1.5:15 17:30 




LAB HYDRO HYDRO EL 




LAB NUMBER 2030214009 




REMARKS NO SAMPLE NO SAMPLE 




SAMPLE NUMBER OTRCR1.110-779 OTRCR111.2-105 OCC-12 03 -1.0 8 




-- PHYSICAL PARAMETERS 




FLOW (cfs) DRY DRY 




PH (FLO) 7.35 




PH 7.2 




SODIUM ADSORPTION RATIO 2.09 




SC (UMHOS/CM AT 25 C) 1.070.0 




SC (UMHOS/CM AT 25 C) (FLO) 1015.0 




TDS (MEASURED AT 1.80 C) 746.0 




TOTAL SUSPENDED SOLIDS 128.0 




TURBIDITY (NTU) 60.1 




WATER TEMPERATURE (FLD) 1.1.3 




MAJOR CONSTITUENTS --




CALCIUM (CA) DIS 58.0 




CALCIUM (CA) TRC 60.0 




MAGNESIUM (MG) DIS 44.0 




MAGNESIUM (MG) TRC 49.0 




SODIUM (NA) DIS 90.0 




SODIUM (NA) TRC 94.0 




POTASSIUM (IC) DIS 1.7.0 




POTASSIUM (IC) TRC 18.0 




TOTAL ALKALINITY AS CAC03 190.0 




BICARBONATE (HC03) 230.0 




CARBONATE AS C03 <1..0 




SULFATE (S04) 340.0 




CHLORIDE (CL) 5.0 




FLUORIDE (F) 0.1 




NUTRIENTS --




NITRATE + NITRITE AS N 0.02 




-- METALS & MINOR CONSTITUENTS --




ALUMINUM (AL) DIS 0.6 




ALUMINUM (AL) TRC 1.4 




ARSENIC (AS) DIS <0.003 




ARSENIC (AS) TRC <0.003 




BARIUM (BA) DIS 0.059 




BARIUM (BA) TRC 0.072 




BERYLLIUM (BE) DIS <0. 001 




BERYLLIUM (BE) TRC <0.001 




BORON (B) DIS 0.1 




BORON (B) TRC 0.1 




CADMIUM (CD) DIS 0.00008 




CADMIUM (CD) TRC <0.00008 




CHROMIUM (CR) DIS <0.001 




CHROMIUM (CR) TRC 0.002 




COPPER (CU) DIS 0.004 




COPPER (CU) TRC 0.005 




IRON (FE) DIS 0.54 




IRON (FE) TRC 1..91 




LEAD (PB) DIS 0.0014 




LEAD (PB) TRC <0.0005 




MANGANESE (MN) DIS 0.1.93 




NOTES: All results in mg/L (Water) Dr mg/kg (Soil) unless noted and are laboratory (LAB) unless field (FLO) Dr calculated (CALC) 




TOT:Total; DIS:Dissolvedj TRC:Total Recoverable; E:Estimated; <:Less Than Detect. Blank: parameter not tested 




Validation Flags: A:Anomalous; UJ1:Blankj J2,UJ2: Standard; J3:Hold Time; J4,UJ4:Duplicate, Spike, or Split Exceedance; 




R:Rejected. 




wqanrpt2 v1. 0 03/95 using s: \statout\\OTTCRIC07 .DBF Page 1 Hydrometrics, Inc. OS/23/2012 















OTTCRK - Otter Creek Coal - 3 Mile Drainage Surface Water To 3/12 DataMan Program 




Sample Type: Surface Water 




SITE CODE SW-3 SW-3 SW-3 




SAMPLE DATE 10/21/20U 12/12/20U 03/14/2012 




SAMPLE TIME J.O:OO J.5:J.5 J.7 :30 




LAB HYDRO HYDRO EL 




LAB NUMBER 20302].4009 




REMARKS NO SAMPLE NO SAMPLE 




SAMPLE NUMBER OTRCRU10-779 OTRCRJ.U2-J.05 OCC-J.203-J.OB 




-- METALS & MINOR CONSTITUENTS --




MANGANESE (MN) TRC o .J.56 




MERCURY (HG) DIS cO.00005 




MERCURY (HG) TOT cO.00005 




MOLYBDENUM (MO) DIS cO .005 




MOLYBDENUM (MO) TRC <0.005 




NICKEL (NI) DIS <0.01 




NICKEL (NI) TRC <0.01 




SELENIUM (SE) DIS <0.001 




SELENIUM (SE) TRC <0.001 




VANADIUM (V) DIS <0.1 




VANADIUM (V) TRC <0.1 




ZINC (ZN) DIS 0.07 




ZINC (ZN) TRC 0.09 




NOTES: All results in rng/L (Water) or mg/kg (Soil) unless noted and are laboratory (LAB) unless field (FLO) or calculated (CALC) 




TOT:Total; DIS:Dissolvedj TRC:Total Recoverable; E:Estimatedj <:Less Than Detect. Blank: parameter not tested 




Validation Flags: A:Anomalousj UJ1:Blank; J2,UJ2: Standard; J3:Hold Time; J4,UJ4:Duplicate, Spike, or Split Exceedancej 




R:Rejected. 




wqanrpt2 v1.0 03/95 using s:\statout\\OTTCRK07.DBF Page 2 Hydrometries, Inc. OS/23/2012 















OTTCRK - Otter Creek Coal - Home Creek Drainage Surface Water To 3/12 




INDEX 




Page Site Code 




l. 




5 




SW-l. 




SW-l.A 




SW-24 




SW-25 




Site Name 




SW-.1 Home Creek 




SW-l.A 




SW - 2 4 Horne Creek Overf low 




Site Type 




Surface Water 




Surface Water 




Surface Water 




SW-25 Upstream Inlet of Hwy Culvert at Horne C Surface Water 




Elevation MP Well Depth 















OTTCRK - Otter Creek Coal - Home Creek Drainage Surface Water To 3/12 DataMan Program 




Sample Type: Surface Water 




SITE CODE SW-l. SW-l. SW-l. SW-l. SW-l. 




SAMPLE DATE 06/1.4/20ll. l.0/26/20ll. 03/l.4/20l.2 03/l.4/2012 03/23/20l.2 




SAMPLE TIME 09,30 08,30 08,30 09,00 




LAB EL HYDRO HYDRO HYDRO EL 




LAB NUMBER l.06032800l. 2030308006 




REMARKS NO SAMPLE NO SAMPLE NO SAMPLE 




OTHER INFO Frozen 




SAMPLE NUMBER OTRCR1l.06-l.01 OTRCRl.l.l.0-770 OCC-l.203-l.25 OTC-1203-ll.6 OCC-l.203-1.2l. 




-- PHYSICAL PARAMETERS 




FLOW (cfs) DRY DRY DRY FROZEN 




PH (FLD) 7.4 7.46 




PH 5.4 7.0 




SODIUM ADSORPTION RATIO 0.05 0.36 




SC (UMHOS/CM AT 25 C) 40.0 580.0 




SC (UMHOS/CM AT 25 C) (FLD) 260.0 l.97.0 




TDS - CALCULATED l.1.0 




TDS (MEASURED AT l.80 C) 748.0 




TOTAL SUSPENDED SOLIDS 94.0 




WATER TEMPERATURE (FLD) 25.3 6.l. 




MAJOR CONSTITUENTS --




CALCIUM (CA) DIS 2.0 39.0 




CALCIUM (CA) TRC 2.0 l.5.0 




MAGNESIUM (MG) DIS <1.0 l.8.0 




MAGNESIUM (MG) TRC <1.0 5.0 




SODIUM (NA) DIS <1.0 l.1.0 




SODIUM (NA) TRC <1.0 2.0 




POTASSIUM (K) DIS <1.0 80.0 




POTASSIUM (K) TRC <1.0 20.0 




TOTAL ALKALINITY AS CAC03 <4.0 l.90.0 




BICARBONATE (HC03) <4.0 230.0 




CARBONATE AS C03 <4.0 <1.0 




SULFATE (S04) 1.0 24.0 




CHLORIDE (CL) <1.0 27.0 




FLUORIDE (F) 5.0 1.3 




NUTRIENTS --




TOTAL AMMONIA (NH3+NH4 AS N) 2.6 




NITRATE + NITRITE AS N o .l.2 0.04 




PHOSPHORUS (P) TOT 0.05 




-- METALS & MINOR CONSTITUENTS --




ALUMINUM (AL) DIS <0.1 <0.1 




ALUMINUM (AL) TRC <0.1 <0.1 




ARSENIC (AS) DIS <0.003 <0.003 




ARSENIC (AS) TRC <0.003 <0.003 




BARIUM (BA) DIS 0.008 0.144 




BARIUM (BA) TRC 0.0ll. 0.079 




BERYLLIUM (BE) DIS <0.001 <0.001 




BERYLLIUM (BE) TRC <0.001 <0 .001 




BORON (B) DIS <0.01 0.27 




BORON (B) TRC o .Ol. 0.09 




CADMIUM (CD) DIS <0.00008 0.000l.6 




CADMIUM (CD) TRC 0.00015 0.00009 




CHROMIUM (CR) DIS <0.00l. 0.00l. 




CHROMIUM (CR) TRC <0.001 <0.001 




COPPER (CU) DIS <0.001 0.015 




COPPER (CU) TRC <0.001 0.006 




IRON (FE) DIS 0.05 0.25 




IRON (FE) TRC <0.05 0.24 




NOTES, All results in mg/L (Water) or mg/kg (Soil) unless noted and are laboratory (LAB) unless field (FLD) or calculated (CALC) 




TOT:Total; DIS:Dissolved; TRC:Total Recoverablej E:Estimatedj <:Less Than Detect. Blank: parameter not tested 




Validation Flags: A:Anomalousj UJ1:Blank; J2, UJ2: Standard; J3 :Hold Time; J4, UJ4 :Duplicate, Spike, or Split Exceedancej 




R:Rejected. 




wganrpt2 vl..O 03/95 using s,\statout\\OTTCRKl.l..DBF Page 1 Hydrometrics, Inc. OS/23/2012 















OTTCRK - Otter Creek Coal - Home Creek Drainage Surface Water To 3/J.2 DataMan Program 




Sample Type: Surface Water 




SITE CODE SW-l SW-l SW-l SW-l SW-l 




SAMPLE DATE 06/14/2011 10/26/2011 03/14/2012 03/14/2012 03/23/2012 




SAMPLE TIME 09:30 08:30 08:30 09 :00 




LAB EL HYDRO HYDRO HYDRO EL 




LAB NUMBER 1060328001 2030308006 




REMARKS NO SAMPLE NO SAMPLE NO SAMPLE 




OTHER INFO Frozen 




SAMPLE NUMBER OTRCRll06-101 OTRCRlll0-770 OCC-1203-125 OTC-1203-116 OCC-1203-121 




- - METALS & MINOR CONSTITUENTS --




LEAD (PB) DIS <0.0005 0.0009 




LEAD (PB) TRC <0.0005 0.0005 




MANGANESE (MN) DIS 0.038 0.207 




MANGANESE (MN) TRC 0.019 0.125 




MERCURY (8G) DIS <0.0001 <0.00005 




MERCURY (HG) TOT <0.0001 <0.00005 




MOLYBDENUM (MO) DIS <0.005 0.006 




MOLYBDENUM (MO) TRC <0.005 <0.005 




NICKEL (NI) DIS <O.OJ. <0 .01 




NICKEL (NI) TRC <0.01 <0 .01 




SELENIUM (SE) DIS <O.OOJ. <0.001 




SELENIUM (SE) TRC <0.001 <0.001 




VANADIUM (V) DIS <0.1 <0.1 




VANADIUM (V) TRC <0.1 <0.1 




ZINC (ZN) DIS 0.12 0.26 




ZINC (ZN) TRC 0.13 0.12 




NOTES: All results in mg/L (Water) or mg/),g (Soil) unless noted and are laboratory (LAB) unless field (FLD) or calculated (CALC) 




TOT:Total; DIS:Dissolved; TRC:Total Recoverable; E:Estimated; <:Less Than Detect.. Blank: parameter not tested 




Validation Flags: A:Anomalous; UJ1 :Blank; J2, UJ2: Standard; J3 :Hold Time; J4, UJ4 :Duplicate, Spike, or Split Exceedance; 




R:Rejected. 




wqanrpt2 vl.0 03/95 using s:\statout\\OTTCRKll.DBF Page 2 Hydrometries, Inc. OS/23/2012 















OTTCRK - Otter Creek Coal - Home Creek Drainage Surface Water To 3/12 DataMan Program 




Sample Type: Surface Water 




SITE CODE SW-1A 




SAMPLE DATE 03/14/2012 




SAMPLE TIME 10:30 




LAB EL 




LAB NUMBER 2030214001 




SAMPLE NUMBER OCC-1203-100 




-- PHYSICAL PARAMETERS --




PH (FLD) 7.32 




PH 7.B 




SODIUM ADSORPTION RATIO 731.0 




SC (UMHOS/CM AT 25 C) 35BO.0 




SC (UMHOS/CM AT 25 C) (FLD) 4550.0 




TDS (MEASURED AT 1BO C) 2540.0 




TOTAL SUSPENDED SOLIDS 10.0 




TURBIDITY (NTU) 3.1 




WATER TEMPERATURE (FLD) 4.0 




MAJOR CONSTITUENTS --




CALCIUM (CA) DIS B4.0 




CALCIUM (CA) TRC 100.0 




MAGNESIUM (MG) DIS 196.0 




MAGNESIUM (MG) TRC 259.0 




SODIUM (NA) DIS 536.0 




SODIUM (NA) TRC 723.0 




POTASSIUM (lC) DIS 19.0 




POTASSIUM (lC) TRC 23.0 




TOTAL ALKALINITY AS CAC03 620.0 




BICARBONATE (HC03) 760.0 




CARBONATE AS C03 <1.0 




SULFATE (S04) BOO.O 




CHLORIDE (CL) 14.0 




FLUORIDE (F) 0.7 




NUTRIENTS --




NITRATE + NITRITE AS N 0.09 




-- METALS "' MINOR CONSTITUENTS --




ALUMINUM (AL) DIS <0.1 




ALUMINUM (AL) TRC <0.1 




ARSENIC (AS) DIS <0.003 




ARSENIC (AS) TRC <0.003 




BARIUM (BA) DIS 0.021 




BARIUM (BA) TRC 0.02B 




BERYLLIUM (BE) DIS <0.001 




BERYLLIUM (BE) TRC <0.001 




BORON (B) DIS 0.52 




BORON (B) TRC 0.62 




CADMIUM (CD) DIS <0.00008 




CADMIUM (CD) TRC <O.OOOOB 




CHROMIUM (CR) DIS <0.001 




CHROMIUM (CR) TRC <0.001 




COPPER (CU) DIS 0.001 




COPPER (CU) TRC <0.001 




IRON (FE) DIS 0.22 




IRON (FE) TRC 0.4 




LEAD (PB) DIS <0.0005 




LEAD (PB) TRC <0.0005 




MANGANESE (MN) DIS 0.551 




MANGANESE (MN) TRC 0.471 




MERCURY (HG) DIS <0.00005 




NOTES: All results in mg/L (Water) or mg/I<g (Soil) unless noted and are laboratory (LAB) unless field (FLD) or calculated (CALC) 




TOT:Total; DIS:Dissolved; TRC:Total Recoverable; E:Estimated; <:Less Than Detect. Blank: parameter not tested 




Validation Flags: A:Anomalous; UJ1:Blank; J2, UJ2: Standard; J3 :Hold Time; J4, UJ4 :Duplicate, Spike, or Split Exceedancej 




R:Rejected. 
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OTTCRK - Ot.ter Creek Coal - Home Creek Drainage Surface Water To 3/12 DataMan Program 




Sample Type: Surface Water 




SITE CODE SW-lA 




SAMPLE DATE 03/J.4/20J.2 




SAMPLE TIME J.0:30 




LAB EL 




LAB NUMBER 20302J.400J. 




SAMPLE NUMBER OCC-J.203-J.00 




-- METALS & MINOR CONSTITUENTS --




MERCURY (HG) TOT <0.00005 




MoLYBDENOM (Mo) DIS 0.005 




MoLYBDENOM (Mo) TRC <:0.005 




NICKEL (NI) DIS <:0.01 




NICKEL (NI) TRC <:0 .01 




SELENIUM (SE) DIS <:0 .001 




SELENIUM (SE) TRC <0 .OOJ. 




VANADIUM (V) DIS <0.1 




VANADIUM (V) TRC <:0.1 




ZINC (ZN) DIS <0 . OJ. 




ZINC (ZN) TRC <0.01 




NOTES: All results in mg/L (Water) or mg/kg (Soil) unless noted and are laboratory (LAB) unless field (FLD) or calculated (CALC) 




TOT: Tot.al j DIS:Dissolved; TRC:Total Recoverable; E:Estimated; <:Less Than Detect.. Blank: parameter not tested 




Validation Flags: A: Anomalous ; UJ1 : Blank; J2, UJ2: Standard; J3 :Hold Time; J4, UJ4 :Duplicate, Spike, or Split Exceedance; 




R: Rej ected. 




wqanrpt2 vJ..O 03/95 using s:\statout\\oTTCRKJ.J..DBF Page 4 Hydrometrics, Inc. OS/23/2012 















OTTeRK - Otter Creek Coal - Home Creek Drainage Surface Water To 3/12 




Sample Type: Surface Water 




SITE CODE SW-24 




SAMPLE DATE 10/26/201.1 




SAMPLE TIME 07,45 




LAB HYDRO 




LAB NUMBER 




REMARKS NO SAMPLE 




OTHER INFO 




SAMPLE NUMBER OTRCR1110-771 




- - PHYS I CAL PARAMETERS -




FLOW (cfs) DRY 




SW-24 SW-24 




03/14/2012 03/14/2012 




09,40 09,40 




HYDRO HYDRO 




NO SAMPLE NO SAMPLE 




No Water 




OCC-1203-126 OTC-1203-1.17 




DRY DRY 




DataMan Program 




NOTES, All results in rng/L (Water) or rng/kg (Soil) unless noted and are laboratory (LAB) unless field (FLD) or calculated (CALC) 




TOT: Total j DIS: Dissol vedj TRe :Total Recoverable; E: Estimatedj .::: Less Than Detect. Blank: parameter not tested 




Validation Flags: A:Anomalousj UJ1:Blankj J2,UJ2: Standardj J3:Hold Timej J4,UJ4:Duplicate, Spike, or Split Exceedance; 




R:Rejected. 
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OTTCRK - Otter Creek Coal - Home Creek Drainage Surface Water To 3/12 




Sample Type: Surface Water 




SITE CODE SW-25 




SAMPLE DATE ~0/26/201.1 




SAMPLE TIME 08,30 




LAB EL 




LAB NUMBER ~~00409006 




REMARKS 




SAMPLE NUMBER OTRCR~~~0-759 




-- PHYSICAL PARAMETERS --




PH (FLO) 




PH 




SODIUM ADSORPTION RATIO 




SC (UMHOS/CM AT 25 C) 




SC (UMHOS/CM AT 25 C) (FLO) 




TDS (MEASURED AT ~80 C) 




TOTAL SUSPENDED SOLIDS 




TURBIDITY (NTU) 




WATER TEMPERATURE (FLD) 




MAJOR CONSTITUENTS --




CALCIUM (CA) DIS 




CALCIUM (CA) TRC 




MAGNESIUM (MG) DIS 




MAGNESIUM (MG) TRC 




SODIUM (NA) DIS 




SODIUM (NA) TRC 




POTASSIUM (K) DIS 




POTASSIUM (K) TRC 




TOTAL ALKALINITY AS CAC03 




BICARBONATE (HC03) 




CARBONATE AS C03 




SULFATE (S04) 




CHLORIDE (CL) 




FLUORIDE (F) 




NUTRIENTS --




TOTAL AMMONIA (NH3+NH4 AS N) 




NITRATE + NITRITE AS N 




PHOS PHORUS (P) TOT 




-- METALS & MINOR CONSTITUENTS --




ALUMINUM (AL) DIS 




ALUMINUM (AL) TRC 




ARSENIC (AS) DIS 




ARSENIC (AS) TRC 




BARIUM (BA) DIS 




BARIUM (BA) TRC 




BERYLLIUM (BE) DIS 




BERYLLIUM (BE) TRC 




BORON (B) DIS 




BORON (B) TRC 




CADMIUM (CD) DIS 




CADMIUM (CD) TRC 




CHROMIUM (CR) DIS 




CHROMIUM (CR) TRC 




COPPER (CU) DIS 




COPPER (CU) TRC 




IRON (FE) DIS 




IRON (FE) TRC 




8.25 




8.3 




8.3 




40~0.0 




4480.0 




3580.0 




l3 .0 




L7 




J4D 




2.7 




~3LO 




~28.0 




266.0 




260.0 




717.0 




720.0 




3~.0 




29.0 




920.0 




1100.0 




<4.0 




~800.0 




2LO 




L3 




<0.05 




0.~4 




0.061 




<0.1 




<.0.1 




<0.003 




<.0.003 




0.024 




0.024 




<0.001 




<0.001 




0.74 




0.76 




<0.00008 




<0.00008 




<0.001 




<0.001 




<0.001 




0.001 




0.11 




0.~8 




SW-25 




~0/26/201.1 




08,35 




EL 




1.100409007 




DUPLICATE 




OTRCR11~0-760 




8.3 




7.92 




3920.0 




3640.0 




9.0 




L2 




~3LO 




125.0 




266.0 




252.0 




705.0 




687.0 




3LO 




27.0 




910.0 




1100.0 




<4.0 




1900.0 




22.0 




~.3 




<0.05 




0.~2 




0.06 




<.0.1 




<.0.1 




<0.003 




<0.003 




0.024 




0.025 




<0.001 




<0.001 




0.77 




0.76 




<0.00008 




<0.00008 




<0.001 




<.0.001 




<.0.001 




<:0.00l. 




0.1 




0.~3 




DataMan Program 




NOTES, All results in mg/L (Water) or mg/kg (Soil) unless noted and are laboratory (LAB) unless field (FLO) or calculated (CALC) 




TOT:Totalj DIS:Dissolved; TRC:Total Recoverablej E:Estimated; <:Less Than Detect. Blank: parameter not tested 




Validation Flags: A:Anomalous; UJ1:Blank.; J2,UJ2: Standard; J3!Hold Timej J4,UJ4:Duplicate, Spike, or Split Exceedancej 




R:Rejected. 
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O'ITCRIC - Otter Creek Coal - Home Creek Drainage Surface Water To 3/l.2 DataMan Program 




Sample Type: Surface Water 




SITE CODE SW-25 SW-25 




SAMPLE DATE 10/26/20U 10/26/20U 




SAMPLE TIME 08,30 08,35 




LAB EL EL 




LAB NUMBER U00409006 U00409007 




REMARKS DUPLICATE 




SAMPLE NUMBER oTRCR1110-759 oTRCRU10-760 




- - METALS & MINOR CONSTITUENTS --




LEAD (PB) DIS <0.0005 <0.0005 




LEAD (PB) TRC <0.0005 <0.0005 




MANGANESE (MN) DIS 0.094 0.094 




MANGANESE (MN) TRC 0.091 0.07 




J4D 




MERCURY (HG) DIS <0.00005 <0.00005 




MERCURY (HG) TOT <0.00005 <0.00005 




MOLYBDENUM (MO) DIS <0.005 <0.005 




MOLYBDENUM (MO) TRC <0.005 <0.005 




NICKEL (NI) DIS <0.0l. <0.0l. 




NICKEL (NI) TRC <0.01 <0.0l. 




SELENIUM (SE) DIS 0.001 0.001 




SELENIUM (SE) TRC <0.001 <0.001 




VANADIUM (V) DIS <0.1 <O.l. 




VANADIUM (V) TRC <O.l. <O.l. 




ZINC (ZN) DIS <0.01 <0.0l. 




ZINC (ZN) TRC <0.01 <0.01 




NOTES: All results in mg/L (Water) or mg/kg (Soil) unless noted and are laboratory (LAB) unless field (FLD) or calculated (CALC) 




TOT:Totalj DIS:Dissolved; TRC:Total Recoverablej E:Estimated; <:Less Than Detect. Blank: parameter not tested 




Validation Flags: A:Anomalousj UJ1:Blank.; J2, UJ2: Standardj J3 :Hold Time; J4, UJ4 :Duplicate, Spike, or Split Exceedancej 




R:Rejected. 
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O'ITCRK - Otter Creek Coal - Ten Mile Drainage Surface Water To 3/12 




INDEX 




Page Site Code Site Name Site Type Elevation MP Well Depth 




1 SW-23 SW-23 Ten Mile Creek Below County Road Crossi Surface Water 















OTTCRK - Otter Creek Coal - Ten Mile Drainage Surface Water To 3/12 




Sample Type: Surface Water 




SITE CODE 




SAMPLE DATE 




SAMPLE TIME 




LAB 




LAB NUMBER 




REMARKS 




SW-23 




06/15/2011 




06,00 




EL 




1060332001 




SW-23 




06/15/2011 




06,05 




EL 




1060332002 




DUPLICATE 




SW-23 




10/25/2011 




13 ,00 




HYDRO 




NO SAMPLE 




SW-23 




03/15/2012 




13 ,30 




EL 




2030214014 




SW-23 




04/19/2012 




15,10 




EL 




2040346001 




DataMan Program 




SAMPLE NUMBER OTRCRll06-109 OTRCRll06-110 OTRCRlll0-776 OCC-1203-113 OCC-1204-100 




-- PHYSICAL PARAMETERS -




FLOW (cfs) 




PH (FLO) 




PH 




SODIUM ADSORPTION RATIO 




SC (UMHOS/CM AT 25 C) 




SC (UMHOS/CM AT 25 C) (FLD) 




TDS (MEASURED AT 180 C) 




TOTAL SUSPENDED SOLIDS 




TURBIDITY (NTO) 




WATER TEMPERATURE (FLD) 




MAJOR CONSTITUENTS -




CALCIUM (CA) DIS 




CALCIUM (CA) TRC 




MAGNESIUM (MG) DIS 




MAGNESIUM (MG) TRC 




SODIUM (NA) DIS 




SODIUM (NA) TRC 




POTASSIUM (K) DIS 




POTASSIUM (K) TRC 




TOTAL ALKALINITY AS CAC03 




BICARBONATE (HC03) 




CARBONATE AS C03 




SULFATE (S04) 




CHLORIDE (CL) 




FLUORIDE (F) 




NUTRIENTS --




TOTAL AMMONIA (NH3+NH4 AS N) 




NITRATE + NITRITE AS N 




PHOSPHORUS (P) TOT 




- - METALS & MINOR CONSTITUENTS -




ALUMINUM (AL) DIS 




ALUMINUM (AL) TRC 




ARSENIC (AS) DIS 




ARSENIC (AS) TRC 




BARIUM (BA) DIS 




BARIUM (BA) TRC 




BERYLLIUM (BE) DIS 




BERYLLIUM (BE) TRC 




BORON (B) DIS 




BORON (B) TRC 




CADMIUM (CD) DIS 




CADMIUM (CD) TRC 




CHROMIUM (CR) DIS 




0.1 




7.68 




8.2 




5.96 




3580.0 




7.68 




3050.0 




16.0 




J4D 




9.5 




J4D 




15.1 




119.0 




115.0 




224.0 




221.0 




494.0 




479.0 




19.0 




19.0 




640.0 




780.0 




<4.0 




1700.0 




6.0 




0.6 




<0.05 




2.39 




J4D 




0.096 




<0.1 




0.1 




<0.003 




<0.003 




0.054 




0.054 




<0.001 




<0.001 




0.57 




0.56 




<0.00008 




<0.00008 




<0.001 




8.2 




6.37 




3520.0 




3050.0 




6.0 




5.2 




117.0 




122.0 




222.0 




234.0 




484.0 




508.0 




19.0 




20.0 




640.0 




780.0 




<4.0 




1800.0 




6.0 




0.6 




<0.05 




<0.01 




0.092 




<0.1 




<0.1 




<0.003 




<0.003 




0.055 




0.055 




<0.001 




<0.001 




0.57 




0.58 




<0.00008 




<0.00008 




<0. DOl.. 




DRY 




7.86 




7.9 




4.98 




3090.0 




2970.0 




2270.0 




<4.0 




3.5 




9.8 




113.0 




115.0 




189.0 




184.0 




373.0 




366.0 




15.0 




15.0 




500.0 




620.0 




<1.0 




1300.0 




8.0 




0.5 




<0.01 




cO .1 




<0 .1 




cO.003 




<0.003 




0.026 




0.027 




<0.001 




<0.001 




0.31 




0.33 




<0.00008 




<0.00008 




<0.001 




0.06 




8.24 




8.0 




6.81 




4520.0 




4295.0 




3810.0 




6.0 




5.0 




13.4 




154.0 




154.0 




267.0 




264.0 




604.0 




610.0 




22.0 




22.0 




680.0 




830.0 




<1.0 




2200.0 




12.0 




0.6 




<0 .Ol. 




cO.l 




<0.1 




<0.003 




<0.003 




0.028 




0.029 




<0 .00l. 




<0.001 




0.57 




0.55 




<0.00008 




<0.00008 




<0.001 




NOTES: All results in mg/L (Water) or mg/kg (Soil) unless noted and are laboratory (LAB) unless field (FLO) or calculated (CALC) 




TOT:Totalj DIS:Dissolved; TRC:Total Recoverable; E:Estimated; <:Less Than Detect. Blan]c: parameter not tested 




Validation Flags: A:Anomalous; UJ1 :Blank; J2, UJ2: Standard; J3 :Hold Time; J4, UJ4 :Duplicate, Spike, or Split Exceedancej 




R:Rejected. 
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OTTCRK - Otter Creek Coal - Ten Mile Drainage Surface Water To 3/12 DataMan Program 




Sample Type, Surface Water 




SITE CODE SW-23 SW-23 SW-23 SW-23 SW-23 




SAMPLE DATE 06/15/2011 06/1512011 10/25/2011 03/15/2012 04/19/2012 




SAMPLE TIME 06,00 06,05 13 ,00 13 ,30 15,10 




LAB EL EL HYDRO EL EL 




LAB NUMBER 1060332001 1050332002 2030214014 2040345001 




REMARKS DUPLICATE NO SAMPLE 




SAMPLE NUMBER OTRCRll05-109 OTRCRll06-ll0 OTRCR1l10-776 OCC-1203-ll3 OCC-1204-100 




-- METALS & MINOR CONSTITUENTS --




CHROMIUM (CR) TRC <:0. DOl <0.001 0:::0.001 <:0. DOl 




COPPER (CU) DIS <0.001 <:0.00l. <0. DOl <0. DOl. 




COPPER (CU) TRC <0. OOl <0.001 0.001 <O.OOl 




IRON (FE) DIS 0.12 0.11 <:0.05 <0.05 




IRON (FE) TRC 0.37 0.27 0.31 0.42 




J4D 




LEAD (PB) DIS <0.0005 <0.0005 <0.0005 <0.0005 




LEAD (PB) TRC <0.0005 <0.0005 <0.0005 <0.0005 




MANGANESE (MN) DIS 1.4 1.47 0.057 0.036 




MANGANESE (MN) TRC 1.4 1.52 0.056 0.04 




MERCURY (HG) DIS <O.OOOl. <:O.OOOl <0.00005 <0.00005 




MERCURY (HG) TOT <0.0001 <:0.0001 <0.00005 <0.00005 




MOLYBDENUM (MO) DIS .::::0.005 <0. 005 <0.005 <0. 005 




MOLYBDENUM (MO) TRC <:0.005 <0.005 <0.005 <0. 005 




NICKEL (NI) DIS .::::0.01 <O.Ol <0.0l. <O.Ol 




NICKEL (NI) TRC <:0.01 <O.Ol <D.ol <O.Ol 




SELENIUM (SE) DIS <0. aOl <0. aOl <0. DOl <O.OOl 




SELENIUM (SE) TRC <0. DOl. <0.001 <0.00l. <0. DOl. 




VANADIUM (V) DIS <O.J. <O.J. <:O.l <:O.l 




VANADIUM (V) TRC .::0.1 <0.1 <:O.l <:O.l 




ZINC (ZN) DIS <0. OJ. <O.Ol <O.Ol <O.Ol 




ZINC (ZN) TRC <:0. OJ. <0.0l. <0.01 <0.01 




NOTES, All results in mg/L (Water) or mg/kg (Soil) unless noted and are laboratory (LAB) unless field (FLD) or calculated (CALC) 




TOT:Total; DIS:Dissolved; TRC:Total Recoverable; E:Estimated; <:Less Than Detect. Blank: parameter not tested 




Validation Flags: A:Anomalous; UJ1:Blank; J2,UJ2: Standard; J3:Hold Timej J4,UJ4:Duplicate, Spike, or Split Exceedancej 




R:Rejected. 
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Table 1
Otter Creek Mine Baseline Report 325A




Soil Types by Vegetation Class in the Otter Creek Alluvial Valley Floor Study Area




Veg 
Class




Veg Class 
Name




Soil 
Map 
Unit




Soil Map Unit Name




Area of Soil 
Unit Within 
AVF Study 




(Acres)




Percent 
of Veg 




Map Unit




Hc Haverson silt loam 767.40 25%
Hd Haverson silty clay loam 494.44 16%
100 Havre loam, 0 to 2 percent slopes, occasionally flooded 342.70 11%
He Haverson silty clay 246.37 8%
Hh Heldt silty clay loam, 0 to 2 percent slopes 233.51 8%
Hc Haverson silt loam 230.25 20%
Hd Haverson silty clay loam 216.51 19%
Fa Farland silt loam, 0 to 2 percent slopes 83.57 7%
Hf Haverson soils, channeled 83.29 7%
Te Terrace escarpments 68.53 6%
Hd Haverson silty clay loam 179.03 27%
Hc Haverson silt loam 126.72 19%
100 Havre loam, 0 to 2 percent slopes, occasionally flooded 93.81 14%
Hf Haverson soils, channeled 73.20 11%
He Haverson silty clay 45.97 7%
Hc Haverson silt loam 130.82 23%
100 Havre loam, 0 to 2 percent slopes, occasionally flooded 65.22 11%
Hd Haverson silty clay loam 55.86 10%
Md McRae silt loam, 2 to 4 percent slopes 51.79 9%
Te Terrace escarpments 38.57 7%
Rt Ringling-Cabba association, 15 to 50 percent slopes 714.28 21%
Ru Ringling-Relan association, 6 to 25 percent slopes 419.09 12%
Md McRae silt loam, 2 to 4 percent slopes 299.87 9%
Te Terrace escarpments 204.44 6%
Nh Nihill-Elso association, 8 to 15 percent slopes 193.73 6%




1
Special Use 




Pasture 
(Farmed)




2




3




5




6




Special Use 
Pasture 




(Not Farmed)




Riparian 
Vegetation




Undeveloped 
Rangeland




Upland 
Vegetation
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Table 2
Otter Creek Mine Baseline Report 325A




Predicted Average Yields of Principal Crops1, Otter Creek Alluvial Valley Floor Study Area, 2012




Map Unit1
Potentially 




Irrigable Soil 
Type




Total Study 
Area




Percent
Non-




Irrigated
Irrigated




Non-
Irrigated




Irrigated
Non-




Irrigated
Irrigated Texture




Fa, Fd Farland 432.57 7.7 2.0 5.5 1.8 5.0 3e 3e Si




Fo, Fr Fort Collins 14.35 0.3 - - 1.0 - 3e 3e Si




Gf Glenberg 5.46 0.1 1.4 4.0 - - 4e 4e Si




Ha-He Haverson 2864.06 51.2 1.8 7.0 1.5 3.0 3e 3e SiC




99-101 Havre 963.94 17.2 - - 1.0 - 4e 4e Si




Hh, Hk Heldt 368.37 6.6 1.0 5.0 1.2 3.0 3e 3e SiC




Hn, Ho Hesper 74.98 1.3 0.9 5.0 - - 3e 2e SiC




Mc, Md McRae 825.10 14.8 1.5 5.5 - - 3e 2e Si




Rm Remmit 17.11 0.3 1.2 - - - 4e 4e Sy




Vo Vona 27.52 0.5 - 4.0 - - 4e 4e Sy




Total Acres 5593.46 100.0




1Source:  Powder River and Rosebud County Soil Surveys (NRCS 2012), where "absence of a yield figure indicates that the 
soil is not suitable for the crop or the crop is not generally grown on the soil".  




2Land capability classification shows, in a general way, the suitability of soils for most kinds of field crops.  Soils are generally 
grouped at three levels - capability class, subclass, and unit.




Capability classes , the broadest groups, are designated by the numbers 1 through 8, indicating progressively greater 
limitations and narrower choices for practical use.  If properly managed, soils in classes 1, 2, 3, and 4 are suitable for the 
mechanized production of commonly grown field crops and for pasture.




Capability subclasses indicate the dominant limitations in the class by adding a letter, e, w, s, or c, to the class numeral.  The 
letter e  shows that the main hazard is the risk of erosion; w  shows that water in or on the soil interferes with plant growth; s 
shows that the soil is limited mainly because it is shallow, droughty, or stony; and c shows that the chief limitation is climate that 
is very cold or very dry.




Alfalfa Hay Grass Hay




Expected Yield 
(Tons per Acre)Acreage Land Capability2




BR 325A_Otter Creek Mine_Table 2 CropYieldsforAVFsoils.xlsx
Page 1 of 1




7/24/2012


















Table 3  
Otter Creek Mine Baseline Report 325A




Soil Laboratory Data for Tract 2 Sample Sites Within the Otter Creek Alluvial Valley Floor Study Area




COND 
(mmhos/cm)




SAR 
(unitless)




Very 
Coarse 
Sands




Gravels Cobbles




A/B 0-8 SiCL 4.0 mf, cm 0.7 <0.1 <2 0 0
B/C 8-21 SiCL 2.4 mf, cm 0.5 0.1 <2 0 0
C1 21-47 L 1.6 cf 0.6 2.1 <2 0 0
C2 47-68 CL 1.7 ff 4.1 9.6 <2 0 0
C3 68-92 CL 1.9 ff 7.3 7.4 <2 0 0
Ap 0-6 SiCL 4.8 mf, cm 5.7 5.1 <2 0 0
A 6-11 SiCL 3.9 mf, cm 1.9 4.4 <2 0 0
Bt 11-32 SiCL 2.8 cf, fm 1.6 6.1 <2 0 0
C1 32-64 L 1.9 ff 1.9 4.7 <2 0 0
C2 64-80 L 1.7 ff 2.1 5.1 <2 0 0
Ap 0-6 SiCL 6.7 mf, cm 0.7 0.3 <2 0 0
B 6-18 SiCL 3.9 mf, fm 0.5 0.7 <2 0 0




C1 18-34 SiL 2.0 ff 1.2 1.8 <2 0 0
C2 34-60 SiL 1.8 - 2.2 2.7 <2 0 0
C3 60-80 SiL 1.7 - 3.0 2.9 <2 0 0
A 0-3 L 4.2 mvf, cf 0.8 0.2 <2 5 0




Bw 3-14 L 3.5 fvf, ff 0.5 0.2 <2 0 0
Bk 14-21 CL 2.9 fvf 0.4 0.3 <2 0 0
C 21-60+ L 2.1 ma 0.6 2.4 <2 0 0
Ap 0-6 SiCL 4.5 mf, fc 0.8 0.2 <2 0 0
Bk1 6-12 SiC 5.6 cf, fc 0.6 0.2 <2 0 0
Bk2 12-28 SiCL 4.9 ff 0.4 0.3 <2 0 0
C1 28-50 L 3.1 ff 0.6 1.7 <2 0 0
C2 50-68 SL 2.0 ff 1.1 1.3 <2 0 0
C3 68-92 LS 1.8 - 0.8 1.2 <2 0 0
A 0-8 SiCL 3.7 mf, fm 4.7 22.3 <2 0 0
Bk 8-16 SiC 2.7 cf, fm, fc 23.1 27.2 <2 0 0
C1 16-29 SiC 1.7 cf, fm 17.6 24.4 <2 0 0
C2 29-43 SiCL 1.5 ff, fm 16.2 24.2 <2 0 0
C3 43-65 SiC 1.5 ff 21.9 26.6 <2 0 0
C4 65-92 L 1.0 - 17.0 21.8 <2 0 0
Ap 0-4 CL 4.4 mf, fm 0.7 0.1 <2 0 0
B 4-12 SiCL 4.5 cf, fm 0.5 0.2 <2 0 0




B/C 12-22 SiCL 4.3 ff 1.5 3.0 <2 0 0
C1 22-32 L 2.9 ff 5.0 5.6 <2 0 0
C2 32-50 L 3.1 ff 1.8 4.5 <2 0 0
C3 50-92 L 3.6 ff 13.6 9.9 <2 0 0
A 0-5 CL 4.7 fm, mf 0.6 0.1 <2 0 0
B 5-10 SiCL 3.8 cf 0.6 0.2 <2 10 0
Bk 10-35 CL 2.4 ff 0.5 2.6 <2 15 0
C1 35-60 CL 1.4 ff 7.6 7.9 <2 15 0
C2 60-90 CL 1.5 - 16.7 13.2 <2 5 0
A 0-5 SL 3.2 mf, fm 0.4 0.1 4 5 0
B 5-16 SL 2.4 mf, fm 0.4 <0.1 3 5-10 0
C 16-38 SL 1.4 cf 0.3 0.5 5 10-15 0
A1 0-3 SiCL 8.5 mf, cm, fc 2.0 <0.1 <2 0 0
A2 3-7 SiCL 9.0 mf, fm, fc 1.3 <0.1 <2 0 0
Bk 7-19 SiL 3.1 cf, fm 0.7 0.2 <2 0 0
C1 19-27 L 2.2 ff 0.5 0.2 <2 0 0
C2 27-43 L 1.8 ff 0.6 0.2 <2 0 0
C3 43-64 L 1.8 - 0.6 0.2 <2 0 0
C4 64-90 L 2.2 - 0.9 0.5 56 60 2
Ap 0-6 SiCL 4.5 mf, fm 0.7 0.2 44 0 0
B 6-14 SiCL 3.2 mf, fm 0.9 0.9 <2 0 0




C1 14-27 SiC 3.0 cf 13.2 19.8 <2 0 0
C2 27-54 SiCL 2.4 ff 17.7 28.9 <2 0 0
C3 54-76 SL 0.8 ff 8.8 18.6 <2 0 0
C4 76-90 L 1.2 - 13.4 17.3 <2 0 0
A 0-7 L 6.7 mf, fc 3.0 1.0 <2 0 0
B 7-18 SiCL 4.2 mf 15.5 17.5 <2 0 0




C1 18-36 SL 1.9 cf 13.5 16.7 <2 0 0
C2 36-60 L 1.8 ff 18.2 22.1 <2 0 0
C3 60-81 SL 1.2 - 7.0 10.6 <2 0 0
Ap 0-5 SiL 6.3 mf, fm 2.7 3.5 <2 0 0
Bt 5-13 L 3.1 cf 2.1 3.1 <2 0 0
Bk 13-24 SiCL 4.2 ff 5.3 3.0 <2 0 0
C 24-46 L 2.3 ff 8.1 7.1 <2 0 0
C 46-63 SiCL 1.8 ff 9.0 13.9 <2 0 0
C 63-90 SiC 2.1 ff 8.1 11.8 <2 0 0
A 0-4 L 4.3 mf, fc 0.7 <0.1 13 15 0




B/C 4-14 L 2.3 mf, fc 0.5 <0.1 12 20 0
C1 14-40 SL 1.6 ff 0.5 0.4 28 30 0
C2 40-64 L 1.5 ff 1.1 3.3 18 15 0
C3 64-90 SL 1.3 - 3.9 1.6 24 25 0
A 0-2 CL 5.0 cf, fm 0.4 0.4 <2 0 0
Bt 2-7 SiCL 5.3 cf, fm 0.6 0.1 <2 0 0
Btk 7-31 SiC 4.0 ff 0.8 4.4 <2 0 0
C1 31-64 SiC 3.7 ff 11.4 8.0 <2 0 0
C2 64-92 SiC 3.8 - 9.0 6.3 <2 - -
A 0-2 SL 6.3 mf, cm, fc 0.8 0.1 25 25 10
C 2-12 SL 3.7 cf 0.4 <0.1 43 50 20
Cr 12-30 LS 0.8 cf 0.2 0.1 71 - -
R 30-70 LS 0.5 1.5 1.8 61 -




Footnotes
AVF 




Vegetation Class 1=Special Use Pasture - Farmed  Class 2=Special Use Pasture - Undeveloped  Class 3=Rangeland, Class 4=Uplands
1Texture:




2Roots:




3Coarse 
Fragments: Coarse Sands = 1 - 3 mm diameter  Gravel = 3 mm to 30 inches diameter  Cobbles = 3 inches to 10 inches diameter




6




6




5




1




1




1




6




2




6




1




6




6




AVF 
Vegetation 




Class*




6




1




1




6




BK 45 Heldt




BK 46 Heldt




Sample Site 
(SS)




Soil Series




>92




>70




0-5




CB 121




SCL = sandy clay loam, SC = sandy clay,  g = gravelly,  vg = very gravelly,  eg = extremely gravelly,  c = cobbly,  vc = very cobbly, b = bouldery




McRae




CB 123




Haverson-
Saline




80




36




63




>96




CB 120 Heldt-Saline




Size: vf = very fine     f = fine     m = medium     co = coarse




1




0-3




CB 141 Ringling 3-20




C = clay,  CL = clay loam,  L = loam, LS = loamy sand, LFS = loamy fine sand, SiL =silty loam, SiCL = silty clay loam, SiC = silty clay,  S = sand, SL = sandy loam, 




0-3




3-10




Haverson




CB 128 Relan




CB 140




Abundance: f = few   c = common   m = many         
cn = channery     vcn = very channery     xcn = extremely channery




>90




CB 113-2 Barvon




CB 119 Farland




>385-15




3-10




>92




Arvada




CB 111 McRae




CB 113 Hesper




0-3




3-8




0-2




2-8 >92




>92




>90




CB 103




CB 83 Haverson




<21




BK 50 McRae




BK 64 Twilight




0-3




4




Depth to 
Groundwater 




(inches)




>96




64




>96




Slope (%) Horizon Depth
Texture 




Class1




OM-
WB
(%)




3-10




0-3




Coarse Fragments3 (% by 
volume)




Salinity / Sodicity




Roots2
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Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual
1972 4.43 5.48 3.2 5.34
1973 4.05 10.7 9.98 8.73 7.82 5 2.22 1.19 1.83 2.35 3.41 3.65 7.83
1974 24.4 34.9 8.55 7.05 5.48 3.84 1.66 0.435 0.256 0.842 2.72 2.82 19
1975 30.2 12.4 106.5 28.1 19.6 12.7 5.95 2.69 1.25 2.95 4.14 7.03 5.04
1976 6.22 9.1 8.71 7.4 5.87 6.18 2.54 0.431 0.137 0.4 2.03 3.76 3.29
1977 3.96 7.52 6.71 7.68 4.28 2.32 0.284 0.081 0.803 1.18 2.33 2.68 11
1978 2.63 2.76 28.5 4.53 53.1 15.7 8.93 3.66 4.08 3.4 4.7 3.85 9.44
1979 3.34 4.95 42 20 10.9 7.92 5.18 4.22 2.25 3.16 6.12 6.17 5.27
1980 5.34 10.8 12.4 8.88 5.09 3.56 0.766 0.574 0.733 1.99 3.18 3.86 2.57
1981 4.48 5.52 3.01 1.59 2.61 2.07 1.68 0.665 0.41 0.965 1.63 2.16 3.85
1982 1.67 15.6 3.45 4.24 3.42 5 2.69 5.53 0.858 3.28 3.39 3.24 4.75
1983 6.52 19.3 8.88 5.78 4.27 2.14 0.645 0.364 0.344 0.795 1.94 2.05 1.87
1984 3.11 2.67 2.65 1.87 3.19 2.68 1.26 0.096 0.131 0.546 1.92 1.6 2.78
1985 1.16 1.11 7.45 4.75 4.21 7.14 1.01 2.03 0.364 0.503 1.61 1.31
1987 0.355 1.58 1.13




1988 0.815 1.15 4.17 2.62 2.45 0.608 0.348 0.2 0.232 0.608 0.778 0.781




1989 0.847 0.756 2.09 1.8 1.59 0.929 0.555 0.035 0.006 0.261 1.16 0.855 0.9
1990 1.18 3.46 1.8 1.67 1.95 1.99 0.828 0.3 0.29 0.24 1.8 0.678 1.29
1991 0.097 1.91 1.3 1.43 1.22 3.93 1.07 0.134 0.097 0.641 0.707 0.635 1.15
1992 0.609 0.958 1.26 0.986 0.712 0.429 0.318 0 0 0.177 2.55 0.57 0.604
1993 0.49 0.355 12 2.64 1.26 0.36 4.01 1.53 1.95 1.08 1 1.12 2.35
1994 1.1 1.05 44.4 8.9 6.15 3.12 1.5 0.483 0.536 1.17 1.18 0.947 5.93
1995 0.987 1.61 7.48 5.03 7.39 4.92 4.55 3.97 2.05 3.46
2003 0.703 0.976 0.997




2004 0.913 0.995 6.29 3.94 0.939 1.05 0.968 0.439 0.489 0.535 1.82 1.83 1.56
2005 1.94 1.59 1.8 2.31 4.83 2.91 1.39 1.03 0.686 1.3 1.46 1.19 1.89
2006 1.64 1.68 1.98 2.92 1.72 0.862 0.375 0.306 0.814 1.08 0.947 0.44 1.35
2007 0.513 0.873 2.98 3.78 8.46 29.2 3.09 1.13 0.942 1.16 1.53 1.03 4.44
2008 0.927 1.24 2.46 1.86 2.99 2.58 2.22 0.736 0.989 1.43 2.23 1.45 1.65
2009 1.62 2.73 7.67 7.95 4.92 2.9 2.41 3.14 1.35 1.62 2.09 1.62 3.32
2010 1.47 2.05 7.55 5.75 7.62 10.4 4.15 1.79 1.35 1.69 2.59 1.9 3.96
2011 2 7.43 21.3 12.8 60.2 44.5 14 5.97 4.52 14.9




Annual mean based on columns; thus, the monthly row may not
sum (or average) to the long-term annual value.




4.542.3 2.28.4 6.4 2.6 1.5




Table 4
Otter Creek Mine Baseline Report 325A




3.9 5.8 13 6.1




Otter Creek at Ashland (USGS Gaging Station 06307740): Monthly and Annual Mean Discharge in cfs                     
  (Calculation Period: 1972-10-01 to 2011-09-30)                                                              




Mean of 
Monthly 
Discharge




1 1.4




BR 325A_Otter Creek Mine_Table 4 Ashland Discharge.xls
Page 1 of 1




7/24/2012


















Year Annual
1972 0.99 0.16 a 0.64 0.12 2.3 1.84 2.01 1.9 0.95 0.67 0 0.39 11.97
1973 0.18 0.36 1.41 2.81 1.67 4.39 0.25 1.25 2.91 0.2 0.35 0.74 16.52
1974 0.37 b 0.56 0.87 2.97 2.77 1.04 3.23 0.81 1.52 2.28 0.63 0.32 17.37
1975 1.93 0.59 0.57 2.42 3.06 4.99 0.75 0.45 0.05 1.32 0.64 0.96 17.73
1976 1.12 0.16 0 2.92 2.8 3.41 0.23 0.99 0 z 0.43 b 0.98 0.04 13.08
1977 1.15 0.35 1.55 0.26 1.4 2.1 0.69 0.57 1.57 1.14 0.69 0.4 f 11.47
1978 0.1 0.62 q 0.14 1.23 10.53 1.67 1.38 0.98 2.4 0 2.14 0.38 z 20.57
1979 0 z 0 z 0.16 0.77 1.83 1.02 3.5 0.44 0.15 1.15 0.63 0 z 9.65
1980 0.1 0.1 d 0.63 0.17 1.02 1.86 0.02 3.55 0.71 1.26 0.12 b 0.61 10.15
1981 0.43 0.4 0.6 0.2 3.86 2.94 2.59 0.38 1.04 1.08 0 0.26 13.78
1982 0.52 a 0.05 1.68 0.89 2.52 4.49 1.5 2.91 2.23 2.08 0.15 a 1.25 a 20.27
1983 0.77 0 0.61 0.29 1.75 2.08 1.13 0.66 0.95 1.19 0.93 b 0.55 10.91
1984 0.1 0.07 1.22 4.48 0.99 3.41 1.19 1.64 1.26 0.27 0.96 1.01 v 15.59
1985 0.11 0 1.3 1.17 1.71 2.81 0.9 0.45 2.22 0.79 0.49 1.28 13.23
1986 0.58 1.02 0.65 1.08 3.08 2.49 0.63 1.5 6.4 1.23 1.69 0 20.35
1987 0.12 0.28 0.98 0.32 3.38 1.71 3.22 2.13 0.94 0.04 0.82 0.25 14.19
1988 0.21 0.55 0.49 0.37 1.46 0.47 0.32 0.65 2.28 0.52 0.11 0.42 7.85
1989 0.18 0 z 1.95 2.51 2.42 2.41 1.85 0.84 0.14 1.73 1.02 1.28 16.33
1990 0.27 0.14 0.77 3.43 2.15 3.23 0.67 0.18 0.79 0.77 0.27 0 12.67
1991 0.3 0.31 0.43 3.38 4.06 4.26 0.48 0.52 1.89 0.83 1.14 0 17.6
1992 0 0.03 1.09 1.71 0.78 2.1 1.71 0.33 0.63 0.99 1.41 0.56 11.34
1993 0.19 d 0.19 0.43 0.91 2.35 4.8 7.26 b 0.83 0.29 1 0.17 0.64 19.06
1994 1.13 0.31 z 0.51 2.27 a 0.31 1.01 0.86 0 z 0.72 2.33 0.58 0 9.72
1995 0.61 0.16 a 1.5 1.87 4.49 3.74 3.78 0.94 1.06 0.57 1.04 0.19 19.95
1996 0.9 0.49 1.08 w 0.78 4.31 0 z 1.62 0.75 1.16 2.5 0.91 d 0.68 z 13.42
1997 0.67 0 z 0.98 z 1.51 2.27 2.08 3.03 0.56 0 1.16 0 1 12.28
1998 0 0.42 0.52 0.21 0.28 2.31 1.51 1.17 0.31 4.11 0.46 0.39 11.69
1999 0 b 1.4 0.21 4.2 1.64 2.32 0.27 1.79 1.19 0 z 0.57 0 13.59
2000 0 0.49 0.43 0 z 1.27 2.15 f 2.85 0.98 0.74 0.45 0.36 0 7.57
2001 0.29 0.51 0.63 0.85 0.62 4.9 2.03 0.11 0.31 0.81 0 0 11.06
2002 0.13 0.58 0.7 0.55 0.68 1.33 0.87 1.79 1.39 1.09 0 0.09 9.2
2003 0.87 1.01 a 2.13 1.63 2.6 4.34 0.09 0.57 1.03 0.95 0.17 0.59 15.98
2004 0.01 c 1.12 0.4 0.4 1.21 0.48 a 1.47 2.08 0.98 1.28 a 0.04 0.29 9.76
2005 0 z 0.3 0.78 3.54 3.86 4.45 1.33 0.82 1.14 3.3 0.5 0.73 20.75
2006 0 0.36 0.6 4.23 2.35 0.5 0.31 0.46 2.61 1.69 0.5 0.1 13.71
2007 0.05 1.52 2.38 1.22 7.35 4.1 0.53 0.51 0.87 0.73 0.01 0.52 19.79
2008 0.63 0.31 0.24 1.47 6.78 3.46 1.38 1.16 0.91 2.25 1.2 0.61 20.4
2009 0.51 0.28 2.41 1.07 1.77 1.81 2.56 1.03 0 2.34 0 0 z 13.78
2010 0.81 0.44 0.31 2.61 5.77 3.79 1.17 1.7 0.38 0.28 0.52 0.59 18.37
2011 1.46 1.22 1.29 2.02 10.76 o 3.36 0.34 1.48 0.17 1.05 y 0.32 0.85 z 11.66
Mean of 
Monthly/Annual 
Precipitation 0.44 0.42 0.88 1.62 2.91 2.64 1.54 1.05 1.16 1.20 0.56 0.45 14.36
a = 1 day missing, b = 2 days missing, c = 3 days, ..etc..,
z = 26 or more days missing, A = Accumulations present
Long-term means based on columns; thus, the monthly row may not
sum (or average) to the long-term annual value.




Sep Oct Nov DecMay
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Otter Creek Mine Baseline Report 325A




Jun Jul Aug




SONNETTE 2 WNW, MONTANA (NCDC Station, NWS Cooperative Network 247740 ): Monthly and Annual Total Precipitation in inches             
  (Calculation Period: 1972-01-01 to 2012-01-01)                                                              




Jan Feb Mar Apr
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Table 6
Otter Creek Mine Baseline Report 325A




Summary of Surface Water and Alluvial Groundwater Quality
All Water Quality Samples Collected Through March 2012




Drainage TDS Range TDS Average Sulfate Range Sulfate Average SC Range SC Average SAR Range SAR Average Number
Basin (mg/L) (mg/L) (mg/L) (mg/L) (umhos/cm) (umhos/cm) Calculation Calculation of Samples




Surface Water
* Otter Creek 2460 To 3360 2933 1400 To 1800 1650 3290 To 3640 3448 4.82 To 6.24 5.5 6
* 3 Mile 746 746 340 340 1070 1070 2.09 2.09 1
* Home Creek 748 To 3580 2164 1 To 1800 608 40 To 4010 1543 0.05 To 8.3 2.9 3
* 10 Mile 2270 To 3050 2660 1300 To 1700 1500 3090 To 3580 3335 4.98 To 5.96 5.47 2




Alluvial Groundwater
* Otter Creek 1120 To 6380 3046 390 To 3900 1685 1530 To 6650 3545 5.13 To 10.6 6.86 21
* 3 Mile 2040 To 3390 2723 1000 To 2010 1485 2500 To 3940 3150 5.28 To 6.45 5.92 6
* Home Creek 986 To 2380 1349 380 To 1200 605 1300 To 3050 1828 2.94 To 7.17 4.06 4
* 10 Mile 2270 To 2420 2330 1200 To 1300 1267 2600 To 3150 2847 4.64 To 4.83 4.73 3
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Appendix A
Otter Creek Mine Baseline Report 325A




Percent Canopy Cover by Class and Species for 26 Special Use Pasture Sample Sites
Otter Creek Alluvial Valley Floor Study 2011




SPECIAL USE PASTURE




PLOT NUMBER
545 546 547 548 549 550 551 552 553 554 555 556 557 558 559 560 561 562 563 564 565 566 567 568 660 661 Mean Constancy




Cover




SITE PARAMETERS*
Slope (percent) 0-2 0-1 2-3 0-1 0-1 0-1 0-1 0-1 0-1 0-1 0-1 0-1 0-1 0-1 0-1 0-1 0-1 0-1 0-1 6-7 0-1 6 0-1 2-3 2-3 0-1
Aspect (degrees) 000 000 002 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 234 000 292 000 160 060 000
Topography High Ter Low Ter High Ter High Ter Low Ter Low Ter Low Ter Low Ter Low Ter Low Ter Low Ter Low Ter Low Ter Low Ter Low Ter Low Ter Low Ter Low Ter Ter Low Low Ter Toe Low Ter Low-Toe Bot-Swa Low Ter
Configuration S S S S S S S(U) S S S S S S S S S S S S(V) V/S S U S S-V V(S) S
Photo # (Digital) 393 392 389 390 304 301 300 298 296 293 314 315 313 324 334 329 336 337 154/155 341 343 344 342 260 327 326
Investigator KS/ED KS/ED KS/ED KS/ED KS/ED KS/ED KS/ED KS/ED KS/ED KS/ED KS/ED KS/ED KS/ED KS/ED KS/ED KS/ED KS/ED KS/ED SC KS/ED KS/ED KS/ED KS/ED KS/ED KS/ED KS/ED
Date 07/13/11 07/13/11 07/12/11 07/12/11 07/07/11 07/07/11 07/07/11 07/07/11 06/30/11 06/30/11 07/08/11 07/08/11 07/08/11 07/08/11 07/09/11 07/08/11 07/09/11 07/09/11 07/09/11 07/09/11 07/09/11 07/09/11 07/09/11 06/27/11 07/08/11 07/08/11




GROUND COVER
Bare Ground 80 30 73 78 44 14 70 54 1 5 13 18 0.3 40 50 60 63 5 36 34 50 44 4 70 36.01 92
Rock 0.3 0.3 0.02 8
Litter 14 63 20 16 50 80 24 93 40 94 88 80 75 92 53 43 34 30 92 50 60 40 50 93 88 25 57.19 100
Lichens 8 5 0.50 8
Moss 0.3 0.01 4
Basal Vegetation 6 7 7 6 6 6 6 7 6 5 7 7 7 8 7 7 6 7 3 6 6 5 6 7 8 5 6.31 100




100 100 100 100 100 100 100 100 100 100 100 100 100 100.3 100 100 100 100 100 100.6 100 100.3 100 100 100 100 100.05 312
VEGETATION STRUCTURE
(nonstratified cover)
Total Vegetation 92 99 96 96 81 92 86 93 92 96 98 99 97 98 96 96 92 96 100 92 100 84 99 85 99 96 94.23 100
Perennial Graminoids 78 98 92 90 80 88 86 92 88 90 91 92 95 98 95 86 88 82 98 84 18 74 32 68 97 8 80.31 100
Annual Graminoids 0.3 0.3 1 2 3 0.25 19
Perennial Forbs and Subshrubs 56 31 33 33 14 7 25 48 66 28 0.3 70 14 78 10 12 98 22 95 45 26 91 34.70 85
Annual/Biennial Forbs 0.3 1 6 8 4 0.3 0.3 2 0.3 0.3 1 5 0.3 8 1 15 0.3 80 64 1 28 2 12 2 20 10.08 96
Shrubs 0.3 0.3 0.02 8
Trees  0.01-acre 0.00 0
Trees  0.1-acre 0.00 0




CLASS\SPECIES
NATIVE PERENNIAL GRAMINOIDS
(Cool Season)
Agropyron dasystachyum var. dasy. 1 0.04 4
Agropyron smithii 20 0.3 45 30 3.67 15
Hordeum jubatum 6 16 14 1.38 12
Poa glaucifolia 4 0.15 4
Poa juncifolia 2 0.08 4
Poa sandbergii 0.3 0.01 4
Stipa viridula 0.3 0.3 14 1 10 0.98 19
TOTAL NPG(C) 0.3 0.0 0.3 14.0 25.0 0.0 6.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 16.0 0.0 14.0 1.3 57.0 0.3 0.0 0.0 0.0 30.0 0.0 0.0 6.32 42




NATIVE PERENNIAL GRAMINOIDS
(Warm Season)
Bouteloua gracilis 0.3 0.01 4
Distichlis stricta 16 4 0.77 8
Spartina pectinata 4 0.15 4
TOTAL NPG(W) 0.0 0.0 0.0 0.0 0.0 0.0 4.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 16.3 0.0 4.0 0.0 0.0 0.0 0.0 0.93 12




INTRODUCED PERENNIAL GRAMINOIDS
Agropyron cristatum 76 12 56 72 70 6 64 34 4 2 3 74 22 4 68 5 45 72 14 72 20 38 32.04 85
Agropyron elongatum                   5 92 46 26 14 28 8.12 23
Agropyron intermedium 2 4 65 2.73 12
Agropyron repens 74 64 5.31 8
Bromus inermis 22 8 0.3 1 78 2 40 88 90 92 92 84 8 24 58 0.3 97 8 30.48 69
Elymus junceus 3 6 48 1 2.23 15
Festuca arundinacea 16 0.62 4
Phleum pratense 2 0.3 0.09 8
Poa bulbosa 1 0.04 4
Poa pratensis 1 1 8 5 8 3 6 18 10 28 42 16 4 14 5 6.50 58
TOTAL IPG 82.0 127.0 118.0 103.3 74.0 110.0 90.0 98.0 127.0 92.0 93.0 92.0 99.0 164.0 112.0 103.0 96.0 105.0 61.0 72.0 18.0 72.0 34.0 44.6 97.0 8.0 88.15 100




Footnotes are found on page 3




n=26
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Percent Canopy Cover by Class and Species for 26 Special Use Pasture Sample Sites
Otter Creek Alluvial Valley Floor Study 2011




SPECIAL USE PASTURE




PLOT NUMBER
545 546 547 548 549 550 551 552 553 554 555 556 557 558 559 560 561 562 563 564 565 566 567 568 660 661 Mean Constancy




Cover
n=26




NATIVE ANNUAL GRAMINOIDS
TOTAL NAG 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.00 0




INTRODUCED ANNUAL GRAMINOIDS
Bromus japonicus 0.3 0.3 0.3 2 0.11 15
Bromus tectorum 1 3 0.15 8
Setaria viridis 0.3 0.01 4
TOTAL IAG 0.3 0.0 0.3 1.6 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 2.0 0.0 0.0 0.0 0.0 3.0 0.0 0.0 0.28 19




NATIVE PERENNIAL FORBS AND SUBSHRUBS
Achillea millefolium 4 0.15 4
Aster falcatus 2 0.08 4
Aster pansus 2 0.08 4
Gaura coccinea 0.3 0.01 4
Sphaeralcea coccinea 0.3 0.01 4
Verbena bracteata 0.3 0.01 4
Vicia americana 0.3 0.3 0.02 8
TOTAL NPF AND SUBSHRUBS 0.3 0.0 0.3 0.0 0.0 2.0 0.0 0.0 0.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 6.0 0.0 0.0 0.3 0.0 0.3 0.0 0.0 0.37 27




INTRODUCED PERENNIAL FORBS
Cirsium arvense 15 8 0.3 0.3 28 1.98 19
Medicago sativa 55 16 32 34 0.3 5 24 48 66 26 58 6 54 3 10 98 22 94 32 24 88 30.59 81
Rumex crispus 1 0.04 4
Rumex patienta 0.3 0.3 6 0.25 12
Taraxacum laevigatum 1 1 2 2 2 2 4 0.3 22 8 1 2 2 0.3 4 16 3 2.79 65
Taraxacum officinale 4 1 8 2 2 0.65 19
TOTAL IPF 56.0 32.0 34.0 36.0 0.0 12.3 0.0 0.0 7.0 25.0 48.0 68.0 30.3 0.0 0.6 80.3 14.3 90.0 4.0 12.0 102.0 22.3 99.0 50.0 27.0 94.0 36.31 85




FERNS AND ALLIES
TOTAL F&A 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.00 0




NATIVE ANNUAL/BIENNIAL FORBS
Ambrosia trifida 0.3 0.01 4
Chenopodium rubrum 2 0.08 4
Descurainia pinnata 0.3 0.01 4
Helianthus annuus 0.3 0.01 4
Iva xanthifolia 1 0.04 4
Lappula redowskii 0.3 0.01 4
Plantago patagonica 0.3 0.01 4
Polygonum ramosissimum 0.3 0.01 4
Polygonum sawatchense 4 0.3 0.3 0.3 0.19 15
TOTAL NAF 0.0 0.0 0.0 0.3 0.0 0.0 0.0 0.0 0.3 0.0 0.0 0.0 0.3 0.0 4.0 0.0 0.3 0.0 0.0 0.3 0.3 0.0 0.3 3.3 0.3 0.0 0.37 38




INTRODUCED ANNUAL/BIENNIAL FORBS
Alyssum alyssoides 0.3 4 0.3 0.18 12
Alyssum desertorum 0.3 0.3 0.3 0.3 0.3 0.3 0.07 23
Atriplex heterosperma 4 0.3 3 12 0.3 1 0.79 23
Camelina microcarpa 0.3 1 0.3 0.3 0.3 0.3 0.3 0.11 27
Capsella bursa-pastoris 1 0.04 4
Chenopodium album 0.3 0.3 0.02 8
Descurainia sophia 0.3 0.01 4
Filago arvensis 0.3 0.3 2 0.3 0.11 15
Kochia scoparia 0.3 4 0.3 0.18 12
Lactuca serriola 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 1 0.14 38




Footnotes are found on page 3




BR325A_Otter Creek Mine_Appendix A Vegetative Cover Data.xls
Page 2 of 3




7/24/2012















Appendix A
Otter Creek Mine Baseline Report 325A




Percent Canopy Cover by Class and Species for 26 Special Use Pasture Sample Sites
Otter Creek Alluvial Valley Floor Study 2011




SPECIAL USE PASTURE




PLOT NUMBER
545 546 547 548 549 550 551 552 553 554 555 556 557 558 559 560 561 562 563 564 565 566 567 568 660 661 Mean Constancy




Cover
n=26




INTRODUCED ANNUAL/BIENNIAL FORBS (continued)




Lepidium perfoliatum 0.3 0.3 0.02 8
Medicago lupulina 0.3 0.01 4
Melilotus officinalis 0.3 0.3 1 4 0.3 0.3 0.3 0.3 80 65 26 0.3 0.3 6.86 50
Polygonum convolvulus 1 0.3 0.3 0.06 12
Sisymbrium loeselii 0.3 1 0.3 1 14 0.64 19
Sonchus asper 0.3 0.01 4
Thlaspi arvense 3 0.3 0.3 0.3 0.3 0.3 1 1 0.3 1 4 0.3 6 0.70 50
Tragopogon dubius 0.3 0.3 2 1 0.3 0.3 0.3 1 3 0.3 1 1 0.3 0.3 0.44 54
TOTAL IAF 0.6 0.9 6.6 7.9 4.3 0.0 0.6 0.9 2.5 0.9 0.9 1.5 4.9 0.6 3.9 1.3 16.3 0.3 81.0 70.6 1.6 28.5 2.6 9.2 1.5 20.3 10.39 96




SHRUBS
Artemisia cana 0.3 0.01 4
Atriplex nuttallii 0.3 0.01 4
TOTAL SHRUBS 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.3 0.0 0.0 0.0 0.0 0.02 8




TREES  0.01-acre
TOTAL TREES  0.01-acre 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.00 0




TREES  0.1-acre
TOTAL TREES  0.1-acre 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.00 0




TOTAL VEGETATION (Stratified) 139.5 159.9 159.5 163.1 103.3 124.3 100.6 98.9 137.1 117.9 141.9 161.5 134.5 164.9 136.5 184.6 140.9 196.6 211.0 171.5 121.9 127.4 135.9 140.4 125.8 122.3 143.14 100




Footnotes :




Trace cover values were assigned 0.3 percent for each 0.01-acre canopy cover estimation plot.
Binomials primarily follow USDA Forest Service (1987).




*Site Parameters:




S = Straight
U = Undulating 




Ben = Bench
Bnk = Bank
Bot = Bottom
Brk = Breaks
Flo = Floodplain




Mid = Mid slope
Plat = Plateau
Rid = Ridge
Sho = Shoulder




Swa = Swale
Ter = Terrace
Toe = Toeslope
Upper = Upper slope




V = Concave
X = Convex




Topography codes: 




Configuration codes:




Low, Lower = Lower slope
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ARM 17.24.326_Otter Creek Mine.docx 1 7/19/2012\\8:22 AM 


OTTER CREEK MINE 


17.24.326 AUGER MINING: SPECIAL APPLICATION REQUIREMENTS 


17.24.326(1) 


Auger mining is not proposed.   








ARM 17.24.327_Otter Creek Mine.docx 1 7/19/2012\\8:22 AM 


OTTER CREEK MINE 


17.24.327 COAL PROCESSING PLANTS AND SUPPORT FACILITIES 


NOT LOCATED WITHIN A MINE PERMIT AREA: SPECIAL 


APPLICATION REQUIREMENTS 


Not applicable. 


 







