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1 PURPOSE AND NEED FOR ACTION 
1.1 SUMMARY 

The City of Billings (COB) is currently licensed to operate a Class II Solid Waste 
Management System (SWMS) for the management of solid wastes. A Class II SWMS 
is a system that controls the storage, treatment, recycling, recovery, and/or disposal 
of Group II, III, and IV solid wastes. In Montana, wastes are grouped based upon 
their physical and chemical characteristics which determine the degree of care 
required in their handling and disposal, and the potential of the wastes to cause 
environmental degradation or public health hazards. Group II wastes include 
decomposable wastes and mixed solid wastes containing decomposable materials 
but exclude regulated hazardous waste. Group Ill wastes include clean wood wastes 
and other clean non-water soluble or inert solids. This category includes, but is not 
limited to, brick, rock, dirt, concrete, unpainted and unglued wood materials, and 
tires. Group IV wastes include construction a nd demolition wastes and aspha lt but 
exclude regulated hazardous wastes. A Class II facility design requires the most 
stringent and protective features to ensure the protection of human health and the 
environment. 

On April 27, 2015, the COB submitted a SWMS license application to the Montana 
Department of Environmental Quality (DEQ) Solid Waste Program (SWP) for the 
expansion of their current facility license boundary. The proposed expansion would 
allow the City to continue to provide solid waste services for residents of the City 
and of Yellowstone County once the current landfill reaches final capacity. 

The proposed expansion area encompasses 350 acres of city-owned property. The 
project area is located south of the currently licensed and operating City of Billings 
Class II Landfi ll facility in portions of Section 29, Township 1 South, Range 26 East, 
Montana Principa l Meridian (Figure 1.1). Of the 350 acres proposed for the 
expansion, the project would result in a disturbance total of 293 acres for landfill 
disposal units, storm water and leachate retention ponds, roads, and buildings 
during the entire life cycle of the facility. The landfill disposal units would disturb a 
total of 232 acres and the remaining 61 acres for the construction of the ponds, 
roads, buildings and ditches. The landfill disposal uni ts would be partially closed 
when it reaches fina l grade and the maximum open area during operations would be 
119 acres. 

The proposed expansion area would include four separate landfill units that would 
be developed in seven phases over the life of the facility; the four landfill units 
would consist of two Class II and two Class IV disposal units. 
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Figure 1.1 - General Location of Proposed COB Class II Facility Expansion 
(Source: Great West Engineering, Billings Landfill Expansion Application, 2015 (*not to scale)) 
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The expansion would provide for the disposal of an estimated additional 12,101,100 
tons (18,656,200 cubic yards) of Group II waste and 4,220,000 cubic yards of Group 
IV waste. The total on-site waste tonnage at closure is estimated to be 13,392,580 
tons. Based upon the municipal solid waste density, the waste acceptance rate, and 
the projected growth rate in the Billings area, the proposed COB expansion would 
extend the life of the COB Class II Landfill by approximately 48 years once the 
current facility nears capacity. 

COB would relocate the composting operations that are currently conducted along 
the southern boundary of the active landfill to the expansion area within one to five 
years. Compostable wastes would continue to be received and stockpiled at the 
current landfill; COB will transport the blended compostable materials to the 
expansion area for management. Construction of new disposal units and associated 
appurtenances within the proposed expansion area is not expected to commence for 
another 20 to 25 years. Prior to the construction of future disposal units, COB 
would be required to submit updated construction documents to DEQ for approval 
that demonstrate compliance with existing regulations. 

1.2 PURPOSE AND NEED 
COB applied to DEQ for expansion of their current Class II solid waste management 
faci lity. DEQ's purpose and need is to take action on CO B's a pplication to expand its 
SWMS by constructing Class II and Class IV landfill units as described in its 
application. The proposed expansion would provide for the disposal of 12, 101,100 
ton of Group II waste and 4,220,000 cubic yards of Group IV waste and extend the 
life of the COB landfill by 48 years. DEQ's action must be consistent with the Solid 
Waste Management Act, the Clean Air Act, and the Water Quality Act. The applicant's 
purpose and need of the proposed action is the construction and operation of the 
solid waste management system as proposed. The proposed action is a result of 
CO B's long-range planning efforts to ensure they can continue to manage solid 
wastes for residents of the City of Billings and Yellowstone County. 

DE Q's Solid Waste Program received an application for Ii censure of the proposed 
facility. DEQ is required under the Montana Environmental Policy Act (MEPA) to 
di sclose the potentia l impacts to the human environment that may result from the 
agency action. A MEPA document does not result in a certain decision, but rather 
serves to identify the potential effect of a s tate action within the confines of the 
existing regulations governing such proposed activities so that agencies make 
balanced decisions. MEPA does not provide regulatory authority beyond the 
authori ty explicitly provided in existing regulations. This final environmental 
assessment (EA) document incorporates DEQ's responses to the comments received 
on the draft EA during the public comment period. 
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1.3 PROJECT LOCATION AND STUDY AREA 
The proposed landfil l expansion area is located south of the current COB Class II 
landfi ll across Hillcrest Road, directly south of the in tersection of Hil lcrest Road and 
Highway 416 (Blue Creek Road) in Yellowstone County, Montana (Figure 1.2). The 
proposed landfill expansion area is in Section 29, Township 1 South, Range 26 East, 
Montana Principal Meridian. 

The proposed landfill expansion property is owned by COB. The site of the 
proposed expansion area is zoned agricultural property that is used occasionally for 
livestock grazi ng. There are no local restrictions that prohibit the location of the 
fac ility at the site the applicant selected. Adjacent land uses include residential, 
agricultural, light industrial, and recreational. 

Figure 1.2 - Proposed COB Class II Facility Expansion Vicinity Map 

BILLINGS 

Attac hment 2 
LOCATION MAP 

(Source: Great West Engineering, Billings Landfill Expansion Application, 2015 (*not to 
scale)) 
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1.4 AUTHORIZING ACTION 
DEQ's Solid Waste Section (SWS) is responsible for ensuring activities proposed 
under the Solid Waste Ma nagement Act, the Integrated Waste Management Act, the 
Septage Disposal Licensure Act, and the Motor Vehicle Disposal & Recycling Act 
comply with current regulations. The SWS is a part of DEQ's Waste Management and 
Remediation Division, Waste and Underground Tank Management Bureau. The 
Solid Waste Management Act (Title 75, Chapter 10, Part 2 Montana Code Annotated 
(MCA)) and the Administrative Rules of Montana (ARM), Title 17, Chapter 50 
provide the necessary authority for the SWS to license and regulate SWMS's in the 
state of Montana. 

DEQ is a lso responsible for protecting air quality under the Clean Air Act of Montana 
(Title 75, Chapter 2, Parts 1 through 4, MCA), and water quality and quan tity under 
the Montana Water Quality Act (Title 75, Chapter 5, Parts 1-11, MCA). The options 
that DEQ has for decision-making upon completion of the EA are (1) denying the 
application if the proposed operation would violate SWMA, the Clean Air Act, or the 
Water Quality Act; (2) a pproving the application as submitted; (3) approving the 
application with agency mitigations; or (4) determining the need for further 
environmental a nalys is to disclose and a na lyze potentially s ignifica nt environmental 
impacts. Ta ble 1.1 provides a listing of agencies and their respective 
pe rmit/authorizing respons ibilities. 

T bl 11 R a e : I t e2U a orv R "bT. esoons1 1 1t1es 
ACTION REGULATORY AGENCY 
Solid Waste Management System License DEQ - Waste and Underground Tank Management Bureau 
Air Quality Permitting DEQ - Air Quality Bureau 
General Permit for Storm Water Discharge 

DEQ-Water Protection Bureau Associated with Industrial Activity 
Montana Pollutant Discharge Elimination 

DEQ - Water Protection Bureau System Permit (MPDES) 
SWMS License Validation by County Health 

Yellowstone County Health Officer Officer 
County Road Construction, Mai ntenance, and 

Yellowstone County Land Use, Weed Plan Approval 
Encroachment Permit for State Highway 

Montana Deparbnent of Transportation modifications 

DEQ's evaluation of the proposed COB Class II Landfill expansion application is based 
upon the current regulations and the site-specific characteris tics of the location 
selected by the City as it re lates to the proposed fac ility design and operation. The 
s ite location was selected by the applicant. 

1.5 PUBLIC PARTICIPATION 
DEQ, as the lead agency, prepared a draft EA that presented the analysis of possible 
environmental consequences related to the proposal. The draft EA, published on 
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December 16, 2016, was di stributed to adjacent la ndowners and interested persons 
for review. DEQ held a public meeting to accept public comme nts on this proposal 
on Ja nua ry 10, 2016, in the gymnasium at the Blue Creek School. Oral a nd written 
comme nts were received at the public meeting. Prior to the completion of the 
comment period ending on January 30, 2017, DEQ received numerous requests to 
extend the public comme nt pe r iod; as a result, the comment per iod was extended to 
Ma rch 16, 2017. In addition to the oral comments received during the meeting, 
written comments were accepted during the comment period. 

1.6 ISSUES AND CONCERNS 
DEQ has identified potent ial issues a nd concerns rela ted to the proposed action. 
The issues and concerns a re di scussed in Section 3. 

2 DESCRIPTION OF ALTERNATIVES 
2.1 INTRODUCTION 

Th is cha pte r summarizes a lte rnatives to the proposed plan including the No Action 
alternative required by MEPA. MEPA requires the evaluation of reasonable 
alternatives to the Proposed Action. Reasonable MEPA alternatives are those that 
are achievable unde r curre nt technology a nd are economically feas ible as 
de te rmined solely by the economic viability for s imila r projects having similar 
conditions and phys ical locations and dete rmined without regard to the economic 
strength of the specific project sponsor. Section 75-1-220, MCA, states t hat for a 
project tha t is not a state-sponsored project, a n a lternatives analysis does not 
include a n a lternat ive faci lity or an alternat ive to the proposed project itse lf. 
Therefore, DEQ only considered alternatives applicable to the proposed facility at 
the proposed location. 

2.1.1 ALTERNATIVES CONSIDERED BUT DISMISSED 
In addition to the action proposed as presented in the COB's applica tion for 
expans ion, COB evaluated three other alternatives for s ite configuration. The 
evaluation of the alternatives was presented in the CO B's February 2014 Solid 
Waste Alternatives Analysis document (Appendix A). CO B's ana lysis of each 
a lternative cons idered the benefits of each alte rna tive based on si te conditions, 
so il ba la nce, landfil l waste capacity, expansion cost, closure cost, and cost per 
ton. 

According to the evalua tion, CO B's Alternative 1 consisted of the construct ion of 
one large waste di sposal un it des igned to maximize the volume of waste in the 
dis posal unit. This a lternat ive would provide for the disposal of approximately 
43,621,000 cubic yards of waste in a 214-acre landfi ll unit a nd would have a 
projected life of 123 years. This a lternative requ ires the removal of the curre nt 
central drainage that runs from the southwest towards the northeast on the site 
of the pro posed expansion. COB would construct a perimeter drainage ditch 
adjacent to Hi llcrest Road to divert storm water ru n on e nte ring the si te and 
direct it towards the natural dra inages in the southwest a nd the northeast 
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portions of the site. The maximum depth of the waste unit would be 30 to 40 
feet and, once filled, would rise 200 to 300 feet above current site elevations in 
the center of the proposed expansion area. The COB determined that Alternative 
1 was impracticable due to the presence of large quantities of hard rock that 
would require excavation for construction of the landfill disposal unit. 
Alternative 1 would require significant capital costs to construct the landfill unit 
and large perimeter storm water ditch. As a result, COB determined that 
Alternative 1 did not meet the purpose and need of the expansion proposal. 

As indica ted above, an alte rnatives analys is under MEPA does not include an 
alternative facility or an a lternative to the proposed project itself. The 
construction of one large waste disposal unit under CO B's Alternative 1 is an 
alternative facility or a n alternative to CO B's proposed project itself. Therefore, 
DEQ conside red but di smissed Alternative 1 without detai led analysis. 

CO B's Alternative 2 consisted of a landfill design that overlaps the existing COB 
Class II Landfill. This alternative would provide for the disposal of 
approximately 50,482,100 cubic yards of waste in a 196-acre landfill unit and 
would have a projected li fe of 142 years. This alternative would require the 
removal of Hillcrest Road, but would capitalize on the volume of space available 
for la ndfilling by overlapping into the exist ing fill. COB would either utilize and 
improve Collier Roa d or provide a new access off Blue Creek Road for the current 
users of Hillcrest Road. This a lternative requires the removal of the current 
central drainage tha t runs from the southwest towards the northeast on the site 
of the proposed expansion. COB would construct a perimeter drainage ditch on 
the south and east s ide of the expansion property. Selection of this alternative 
would require CO B's acqu isition of add itional property for the replacement of 
Hillcrest Road. The COB determined that Alternative 2 was impracticable due to 
the presence of large quantities of hard rock that would require excavation and 
construction of the landfil l unit and large perimeter storm water ditch. 
Selection of this alternative would maximize the capacity available for waste 
disposal, but would add significant capita l costs to the project due to property 
acquisi t ion, road reconstruction and ha rd rock excavation. COB determined that 
this alternative would not meet the purpose and need of the expansion proposal. 

As indicated above, a n alternatives a nalysis under MEPA does not include an 
a lternative faci lity o r an alternative to the proposed project itself. The 
construction of a landfill design that overlays the existing COB landfill under 
CO B's Alternative 2 is an alternative faci li ty or an alternative to CO B's proposed 
project itself. Therefore, DEQ considered but dismissed Alternative 2 without 
detailed ana lysis. 

CO B's Alternative 3 consisted of a standalone facility. However, due to its 
configuration, the design resul ted in a reduced capacity and lifespan, as 
compared to the other a lternatives. Since there would be a reduced capacity and 
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lifespan, thi s a lte rna tive would not meet the purpose and need as stated above in 
Section 1.2. 

As indicated a bove, an alternatives a na lysis und e r MEPA does not include an 
alternative faci lity or an a lte rna tive to the proposed project itself. The 
cons truction of a s tanda lone faci lity under CO B's Alternative 3 is an alternative 
facility o r a n a lte rna tive to CO B's proposed project itself. In addition, Alternative 
3 would result in a la ndfill tha t has a reduced capac ity and life span. Thus, it 
does not meet the purpose and need. The re fore, DEQ cons ide red but d is missed 
Alte rna tive 2 without de ta iled ana lysis. 

DEQ cons ide red a modification of the proposed li ner des ign a nd the final cover 
des ign as alte rna tives to the des ign proposed by the COB. 
According to ARM 17.5 0.1204, two options exis t for Class II landfi ll units: a 
prescriptive design that utilizes a composite liner and a leachate collection and 
remova l sys te m des igned and cons tructed to mai nta in less tha n a 12-inch (30-
cm) depth of leachate over the liner; or a design based upo n line r pe rformance 
that ens ures tha t the concentration of ARM 17.50.1204 Ta ble 1 const ituents w ill 
not be exceeded a t the relevant point of compliance in the uppermost aquife r. 
The li st of Ta ble 1 cons tituents is provided in Appendix B. 

According to ARM 17.5 0.1403, two options exis t for Class II landfil l fina l cove r 
sys te ms. The firs t option is a prescripti ve des ign tha t utili zes a line r equi va lent 
to the base la ndfi ll li ner tha t is covered by an 18-inch infil t ra tio n layer topped 
with an eros ion laye r tha t cons is ts of at least s ix inches of topsoil. The second 
option is a des ign based upon pe rforma nce tha t does not require the line r, but 
includes an infiltra tion layer equivalent to the prescriptive design and an eros ion 
layer equiva le nt to s ix inches of topsoil. 

DEQ considered the prescriptive la ndfill liner design as an al ternat ive to the 
pe r for ma nce-based liner design submitted by COB. The prescr iptive line r design 
consists of two com ponents: an upper 30-mil fl exible membra ne liner (FML) 
installed in d irect contact with a lower two-foot barr ier of compacted so il. The 
applicant proposes a liner des ign tha t consists of a 60-mil FML made of high­
density polyethylene (HOPE) and re-compaction of the uppe rmost native 
subgrade clay ma te ria l into an in-place six-inch barri e r. 

DEQ considered the prescriptive final cove r system des ign as a n alte rna tive to 
the per formance based fina l cover system design submitted by COB. The 
prescriptive fina l cover system cons ists of a 30-mil FM L, covered by 18 inches of 
earthen mate ri a l and s ix inches of topsoil. COB proposes to utilize a 
pe rforma nce based a lternative fina l cover (AFC) sys tem for closure of a ll four 
landfil l units in the p roposed expansion area, matching the AFC closures for the 
cu rrently li censed active COB Class II Landfil l fac ili ty. 
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DEQ's evaluation of the requirements for Class II liner and final cover system 
design, as discussed in Sections 2.4.3 and 2.4.8, determined that the 
performance-based design proposed by COB was equiva len t to the prescriptive 
design. The current COB landfill has successfully implemented the performance­
based design since the facility 2008. To date, the alternative performance-based 
liner and final cover design has functioned as designed; no releases to 
groundwater have been detected. Incorporation of the performance-based liner 
and final cover design demonstration report into the proposed expansion 
application documents is justified because (i) all site investigations confirm that 
the geologic conditions beneath the expans ion area correspond with the 
reported data, and (ii) the proposed liner is identical to the liner in the 
demonstration report. Therefore, DEQ's alternative for the prescriptive design 
was dismissed from further evaluation. 

2.2 ALTERNATIVE 1- NO ACTION ALTERNATIVE 
Under the No Action Alternative, the proposed landfill expansion would not be 
approved by DEQ and could not be built by COB. The continued disposal of waste 
after closure of the existing landfill would have to occur at another approved landfill 
facility. 

2.3 ALTERNATIVE 2 - PROPOSED ACTION 
The Proposed Action is the expansion of CO B's currently licensed solid waste 
management system. The Proposed Action would consist of a landfill system as 
depicted on Figure 2.1 and as described below. Table 2.1 provides the information 
on the volume of earthen materials excavated along with the so il and waste balance 
budget. The proposed expansion would require the excavation of a total of 293 
acres that includes 232 acres for the landfill disposal units and 61 acres for the 
construction of ponds, roads, buildings and ditches. 

2.3.1 Landfill Features 
The design features and layout of the proposed COB landfill expansion are depicted 
in Figure 2.1. The proposed landfill expansion design and operations will include 
construction of the following components: (i) the gatehouse and scale, (ii) landfill 
mainte nance building, (i ii) facility access road, (iv) contro lled point of entry, (v) 
interior roads, (vi) waste disposal units, (vii) leachate collection, remova l, and 
conveyance system, (viii) leachate ponds, (ix) a lternative final cover system, and (x) 
storm water control system. 

Two lined Class II landfil l units would be developed in five phases (Phases 1 through 
5); the firstthree phases of the Class II disposal unit will be located south of the 
central ravine that bisects the current proposed expansion area, and the last two 
phases will be located north of thi s central ravine. An interior road will be 
constructed along this central ravine. A continuous final cover will be constructed 
that, at final closure, will tie together phases one through three of the south disposal 
unit; a nother continuous final cover will be constructed that will tie together phases 
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four a nd five of the no rth disposa l unit after filling over the line r has been 
completed. The construction u f the dis posa l units will generally develop downslo pe 
on the west ern and eastern margins of the central coulee progress ing from the 
southwest to the northeast. 

2.3.2 Soils Excavation and Budget 
The pro posed expa nsion will require the excava tion of 232 acres for the la ndfill 
dis posal units, plus prepara tion for ponds, roads, a nd ditches a fte r the excavation of 
the so il a nd rock from the coulee and slopes. Approximate ly 7,7 18,800 tota l cubic 
ya rds of excava ted soil w ill be used fo r da ily cover, fina l cover, line rs, ponds, and 
other e lements and will leave a ne t soil s urplus of approxima te ly 1,169,980 cubic 
ya rds. Table 2.1 provides the summary of the tota l soil volume ava ilable on s ite, as 
w ell as the fill and soil volumes required during each phase of construction a nd 
operat ion w ithin the expa nsion a rea. 

2.3.3 Landfill Liner Design 
Accord ing to the Administra t ive Rules of Montana (ARM) 17.50.1 204, a new Class II 
la ndfill unit must be designed to protect the uppermost aquifer from la ndfill 
contamina nts. The regulations provide tw o design options to meet these 
requirements : (1) utiliz ing a composite line r and leachate collection and remova l 
sys te m that is des igned and constructed to mainta in less than a 30-cm depth of 
leacha te ove r the liner; or (2) by submitting a des ign that e nsures tha t the 
concentration o f ARM 17.50.1204 Table 1 const ituents will not be exceeded at the 
relevant po int of complia nce in the uppermost aq uife r. The prescribed standa rd 
composite line r must be comprised of two components: an upper fl exible synthetic 
membra ne liner (FML) installed in direct contact with a lower two- foot barri e r of 
compacted soil. The a pplicant proposes an a lternative line r tha t cons is ts of a 60-mil 
FML made o f high-density polyethylene (HDPE), thereby matching the synthe ti c 
membra ne s ta ndard and re-compaction of the uppermost na ti ve s ubgrade mate ri a l 
into a n in-place s ix- inch ba rri e r that wo uld s ubstitu te fo r the lower soi l component, 
as depicted in Figures 2.2 and 2.3. 

An a lterna ti ve line r de mo nstra tion was previous ly approved by DEQ fo r compliance 
w ith the composite line r des ign requirements a nd the conta mina nt migra tion 
s ta ndards for the curre ntly active, li censed Class II landfill. Incorporation of this 
previous demonstra tion report into the proposed expa nsion a pplication documents 
is jus ti fied because (i) all s ite investigations confirm that the geologic conditions 
benea th the expa ns ion a rea correspond w ith the repo rted da ta, and (ii) the 
proposed line r is identical to the liner in the demonstra tion . 

HDP E is a ve ry low permeability, fl exible, syntheti c membra ne (geome mbra ne) tha t 
is widely used to conta in or control liquid and gas migra tion in an e ngineered 
project, s tructure, or syste m. Also, HDPE pipe commo nly conveys wate r or 
wastewate r fo r many municipa l systems. When properly insta ll ed and tested 
during la ndfill construction, HDPE geomembrane line rs a re highly impermeable 
ba rrie rs w hich prevent the contamina tion of soil and groundwa te r fro m chemica ls 
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in liquids that may be derived fro m the solid waste. The lower, compacted, in-place 
native component of the proposed composite liner will function as a secondary liner 
to enhance the primary upper geomembrane providing further protection by 
retarding seepage and landfill gas diffusion as noted. 

Figure 2.2 depicts the applicant's proposed a lternative base liner and leachate 
collection and re moval system (LCRS) elements for the landfill floor. The anchor 
trench design is provided in Figure 2.3. The base liner elements consist of the 
following components, from top to bottom: 

• LCRS gravel drainage layer 
• Non-woven geotextile cushion 
• Double-textured HOPE geomembrane (FML) 
• Compacted uppermost native clay subgrade material 

As shown in Figure 2.4, the slope liner system and LCRS elements consist of the 
following components, from top to bottom: 

• Protective cover soil 
• Non-woven geotextile cushion 
• HOPE geomembrane (FML) 
• Compacted uppermost native clay subgrade material 
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Figure 2.1 - Proposed COB Class II Facility Expansion Area Features 
(Source: Great West Engineering, Billings landfi ll Expansion Application, 2015 (*not to 
scale)) 
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Table 2.1: Soil and Waste Balance Table 
(Source: Great West En.qineerin.q, Billin.qs landfill Expansion Aoplication, 2015) 

Total Fill 
Total Waste Daily Final Total Soil Required for Total 

Phase Airspace Volume Cover Cover Required Construction Excavation Acres 
(yds3) (yds3) (yds3) (yds3) (vds3) (yds3) (yds3) 

Roads, 
ponds, 487,900 1,181,900 61 

ditches 
Phase 1 3,811,400 3,042,800 608,500 160,100 768,600 100,620 852,600 34.35 

Phase 2 3,514,800 2,818,100 563,300 133,100 696,700 12,000 795,500 28.21 

Phase 3 6,296,800 4,973,000 994,500 329,300 1,323,800 5,000 887,700 28.85 

Phase 4 4,852,600 3,869,100 773,800 209,700 983,500 42,800 949,000 39.21 

Phase 5 5,078,800 3,953,200 790,600 335,000 1,125,600 14,700 986,100 37.55 

Total 
Class II 23,554,400 18,656,200 168.17 

West 
Class IV 3,626,000 2,985,200 298,500 342,300 640,800 0 1,356,200 42.03 

East Class 
IV 1,581,600 1,234,800 123,500 223,300 346,800 0 709,800 22.00 

Total 
Class IV 5,207,600 4,220,000 64.03 

TOTAL 28,762,000 22,876,200 4,153,000 1,732,800 5,885,800 663,020 7,718,800 293.2 

Notes: 
1. The site will retain the central drainage. 6. The assumed waste density for Class IV waste is 600 #/yd3. 
2. There will be two separate waste fill areas. 
3. The average cut depth will be 20 feet 
4. The waste to soil ratio is 5:1 forC/ass II and lO:lforClass IV. 
5. The assumed waste density for Class II waste is 1,300 #/yd3 

Proposed City of Billings Class II 
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7. The final fill slopes will be 3:1. 
8. The top deck elevation is 3565.0 feet. 
9. The life is based on 250,000 tons/yr for Class II. 
10. The life is based on 35,000 tons/yr for Class IV. 
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Soil 
Tonnage Life Balance 

(years) (yds3) 

48 694,000 

1,977,820 8 -16,620 

1,831,800 7 86,800 
3,232,400 13 -441,100 

2,515,000 10 -77,300 
2,569,600 10 -154,200 

12,126,620 48 

895,560 26 715,400 

370,400 11 363,000 

1,265,960 37 

13,392,580 1,169,980 



Figure 2.2 - Base Liner Design Details 
{Source: Grea t West Engineering, Billings Landfill Expansion Application, 2015) 
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Figure 2.3 - Anchor Trench Details 
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Figure 2.4 - Slope Liner Design Details 
(Source: Great West Engineering, Billings landfill Expansion Application, 2015) 
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2.3.4 Landfill Unit Construction 

60 MIL. HOPE (TWO-SIDED 
TEXTURED) LINER 

LINER SUBGRAOE RECOMPACTED 

The proposed liner system described above will be installed during construction of 
the east and west landfill units according to DEQ's approval and the manufacturer's 
guidelines for each component. Each component of the liner system will be tested 
for conformance with the des ign based on the DEQ-approved Construction Quality 
Assurance and Construction Quality Control (CQA/CQC) Plan. 

The proposed landfill expansion is comprised of two separate Class II landfill units 
and two separate Class IV units, each of the pairs separated by the central road as 
shown in Figure 2.1. As illustrated by the Phase 1 plans (Figure 2.5), the complex 
base grades in each phase will be built following local bedrock topography, 
maintaining at least a two-percent minimum s lope on the line r towards a network of 
lateral leachate collection pipes. These laterals mostly connect to headers that slope 
towards the leachate mains that follow the central road. Some la terals will connect 
along gradient directly to the mains. All leachate pipe joints will be heat fusion 
welded. The liner slopes will vary in degree and aspect but will not exceed 4:1 
(Horizontal: Vertical) slopes; such variations are caused by hardness of bedrock at 
depth. The maximum waste fill thickness will be approximately 200 feet. 
Maximum utilization of the designed landfill capacity will provide for the minimum 
disposal of 12,101,100 tons (18,656,200 cubic yards) of Group II waste when the 
daily and final cover soil volume is subtracted from the total fill volume (Table 2.1). 
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Excavation of the native soi ls to a depth of 25 feet below the existing natural grade 
within the landfi ll footpr int wi ll remove a tota l 7,718,800 cubic yards of soi l that will 
be used for dai ly, in termed iate, and final covers. During construction, the lower clay 
soil component of the Class I I liner wi ll be compacted in one six-inch lift. The native 
su bgrade will be wetted, compacted, and tested to ensure that it meets the 
compaction specifications; the complete compacted surface of the six-inch soil 
barrier layer wilt be rolled and inspected for adequate smoothness before the HOPE 
geomembrane liner is installed. This geomembrane liner will then be placed in 
direct and uniform contact with the compacted so il layer with a three- to six-inch 
overlap on each unrolled panel that w ill be heat fusion welded along each edge to 
form a double seam. Located along the steeper eastern flank of the disposal area 
(Figure 2.1), the Class IV units wilt be excavated to base grade in shallow bedrock 
and wi ll provide fo r the disposal of 4,220,00 cubic yards of Group IV waste. 

2.3.5 Leachate Collection and Removal System (LCRS) and Leachate Pond 
Construction 
An LCRS and leachate pond will be installed for the east and west Class II landfill 
units according to all DEQ-approved design plans and CQA/CQC requirements 
during each phase of construction. All leachate will be collected over the lined base 
of each Class II landfill unit within the granular drainage layer and will flow into a 
network of perforated HOPE leachate collection pipes bedded in gravel (e.g. Phase 
1, Figure 2.5). Numerical models of leachate generation indicate that leachate levels 
wi ll remain less than 12 inches over the liner as requ ired over a range of rainfa ll 
intensity beyond normal averages. 

The LCRS design will provide two configurations to accou nt for the difference in 
base and slope liner stability. For each waste disposal unit base, the granular 
leachate collection layer and lateral leachate col lection pipe trenches will be 
constructed with at least two-percent slope fo llowing changes in grade to convey 
leachate from the outer edge of the floor towards a central perforated leachate 
collection header. In the south landfill unit, a leachate divide separates the Phase 1 
and Phase 2 pipe networks, but Phase 3 para ll els those prior slopes toward the toe. 
The headers connect downslope from each phase to a s ingle leachate co llection 
main that fo ll ows the toe of each unit flanking the central road along th e axis of the 
expansion area. 

The LCRS elements placed over the liner at the base of each unit will consist of the 
fo llowing components from top to bottom (Figure 2.6): 

• Leachate collection gravel layer 
• Outer coarse gravel fi lter (trench) 
• Inner perforated leachate co llection pipe (trench) 
• Non-woven geotexti le cushion. 
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On the s ide slopes of the waste disposal units, the LCRS will consist of a geotextile 
cushion over the textured geomembrane. Leachate from the s ide s lopes wi ll 
pe rco late through the protective cover soil to be carried downs lope by gravity 
drainage through the nonwoven geotextil e and la tera l co llection pipes into the base 
LCRS network and headers. Each lateral collection pipe wi ll be joined to a solid riser 
pipe that is extended to the s urface on the uphill s ide-s lope berms to allow fo r 
cleanou t access. 

All leachate w ill be directed to the leacha te pond via gravity flow through a n 
exte rna l buried, doub le-wal led HOPE leachate conveyance pipe. The tem porary 
line r penetrations ins talled during Phase 1, 2, a nd 4 operations (Figu re 2.7) will be 
re placed by permanent penetrations at the toe of Phases 3 and 5 where the main 
pipes exit the co llection sump a nd connect to the buried conveyance pipes fo r the 
east a nd west Class II la ndfill units (Figure 2.5). These double-walled HOPE (8-i nch 
carrie r pipe ins ide a 16-inch outer s leeve) leachate conveyance p ipes will transport 
leachate by grav ity a long both s ides of the central road and di scharge into the east 
and west leachate ponds vi a dissipation manholes. 

Leacha te will be ma naged largely by evaporation from th e leachate pond, but may 
be applied over the lined active was te di sposal areas (a reas that a re not under fina l 
o r intermedia te cover) fo r dus t control, if needed. This management allows the pond 
to be emptied faster to assure that there is s ufficient capacity ava ila ble at a ll times. 

Separate leachate ponds wi ll be constructed for each of the east and west Class II 
landfill units with double composite li ner components from top to bottom as fo llows 
(Figure 2.8) : 

• Primary HOPE geomembra ne (FML) 
• Geonet composite 
• Slotted HOPE collector a nd r ise r pipe (monitors leakage) 
• Geonet composite rub sheet 
• Secondary HOPE geomembra ne (FML) 
• Geosynthe ti c Clay Liner (GCL), doubled below monitoring sump 
• Compacted subgrade. 

Each pond bottom will slope 1 % toward the detection s ump with maximum 3:1 
(Horizonta l: Ve rtica l) s ide s lopes. The double com posite liners for the leacha te 
ponds will be insta ll ed in a manner equivalent to the landfil l base liner according to 
a ll OEQ-approved design plans a nd CQA/CQC requirements. 
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Figure 2.6 - Leachate Collection and Removal System Design Detail 
(Source: Great West Engineering, Billings Landfill Expansion Application, 2015) 
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2.3.6 Scale House and Equipment Building 
The new ga tehouse, scales, maintenance building, a nd roll-off zee-wa ll will be 
accessed by the controlled entrance built o ff Hillcrest Road, loca ted across from the 
existing metha ne gas process ing fac ility near the nor thwest corne r of the proposed 
expa nsion a rea. 

2.3.7 Soil Stockpiles 
The soil removed as each waste di sposal unit is excava ted for construction will 
e ither be s tockpiled in the Class IV unit a reas, o r will be placed on top of fill in 
ava ilable a ctive or closed la ndfill ce lls. Stockpil ed soil can be utilized for da ily or 
intermedia te cover opera tions when needed, o r placed for use during phased 
closure of a ny waste manageme nt a rea tha t has reached fina l grade. 

2.3.8 Final Closure 
The la ndfill fina l cover wi ll be constructed in phases. Each unit w ill be pa rti ally 
closed when it reaches fin al grade in a p rogression tha t follows the sequence of 
construction (Table 2.1). The maximum open a rea at a ny one point in time will be 
119 acres. The ove rall ba rrier performance cha racte ri sti cs for the composite fin al 
cover must a t least match that of the base composite line r system, as discussed in 
Line r Design, Section 1.5.l. Once the oute r portions of each phase have been fill ed 
to fina l grade, those a reas will be closed. The inte rmedia te soil cove r over each of 
the east and west units w ill be tied togethe r and capped as a single, mounded 
di sposa l unit by a continuo us fina l cover (Figure 2.9) . Both Class IV units will be 
covered in the same manner us ing the same type o f fina l cove r. 

COB proposes to utilize a per fo rma nce based AFC system fo r closure o f a ll four 
landfill un its in the proposed expansion a rea, matching the AFC closures fo r the 
active landfill. The AFC demonstratio n was previously approved by DEQ for 
compliance w ith the AFC design require me nts a nd the standards for infiltra tion 
reduction, e ros ion, a nd revege ta tion at the currently licensed faci lity. Incorpora tion 
of thi s previo us AFC demonstra tion repo rt into the proposed COB expa nsion 
a pplica tion documents is a dequa te ly jus t ified given the proposed base line r 
properti es and pe r fo rmance as shown by the a lte rnative line r demonstra tion 
(Appe ndix C). 

The pro posed AFC is designed to provide an engineered soil-pla nt sys te m tha t will 
a tta in s imila r wa ter-ba la nce equilibrium as tha t reached in the surrounding na tura l 
so il ecosystem. Consequent ly, o ptimal plant growth is supported by the na tura l 
storage of yea rly precipita tion in the so il cover for the timely release to the plants 
a nd evaporation during the growth season. Nume rical mode ls based on testing of 
site so ils predict tha t the proposed AFC performa nce wi ll approach an upper limit of 
1 mm/year (0 .0 5 inch/yea r) average annual dra inage through the cover. Such 
pe rco lation ra tes fa ll w ithin the ra nge required for equ ivalence to the base line r. 
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Figure 2.7 - Leachate Collection and Removal System Design During Phased Expansions 
(Source: Great West Engineering, Billings landfill Expansion Application, 2015) 
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Figure 2.8 - Leachate Pond Design Detail 
(Source: Great West Engineering, Billings Landfill Expansion Application, 2015) 
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Figure 2.9 - Alternative Final Cover Design Profile 
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(Source: Great West Engineering, Billings Landfill Expansion Application, 2015) 

The monolithic AFC profile (Figure 2.9) for the proposed expansion area landfill will 
consist of the following fie ld-tested components, from top to bottom: 

• Healthy stand of select native local vegetation 
• Minimum 6-inch thick topsoil layer 
• Minimum 48-inch thick s torage layer of select tested and approved soil. 

The daily or intermediate covered waste will provide the base for the final cover 
system. This surface will be prepared smooth and firm. The 48-in monolithic, 
evapotranspiration (ET) layer will be constructed in one or two continuous lifts 
compacted to a maximum of 85% standard proctor. The permeability of the ET 
layer will be verified by a combination of field and laboratory testing. The top layer 
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will consist of six inches of loose topsoil and will be fe rti lized and seeded in 
accordance with the recommendations described in the AFC Demonstration and 
Vegetation Plan. The AFC will be installed accord ing to all methods and testing 
based on confo rmance with the DEQ approved Closure Plan specifications and 
CQA/CQC requirements. 

Both west and east Class-II landfill units wi ll reach a final e levation of 3565 feet 
above mean sea level and relief will not exceed 265 feet above the lowest 
surrounding grade in the central coulee (Figure 2.10). Th e final cover top deck wi ll 
not exceed 3-5% slope and will attain maximum side slopes not to exceed a 3:1 
grade. Side slope ditches for storm water control will be constructed to intercept 
runoff a t SO-feet vertical intervals and route flow at approxi mately 5% percent into 
grouted downchutes that discharge to the perimeter ri p-rap di tches adjacent to the 
central road. 

2.3.9 Opera tion and Maintenance Plan 
The COB Landfill fac ili ty will continue to operate as a licensed Class JI SWMS and 
fo llow a DEQ-approved Operation and Main tenance (O&M) Plan. The faci li ty O&M 
Plan wi ll be updated a t least every five years, and as necessary prior to commencing 
operations in the proposed expansion area and as on-si te condi tions change. The 
faci li ty must comply with applicable requirements of the SWMA and associated 
adminis trative rules, including the payment of fees and submittal of an annual 
applica tion for renewal. Fa il ure to operate the fa cili ty accord ing to these 
requ irements could result in enforcement actions, license revocation, or denial of an 
application fo r renewal. 

2.3.10 Personnel 
The proposed expansion area will continue to be operated by COB em ployees. Si te 
personnel will inspect incoming loads, review incoming waste load records, operate 
landfill equipment, and apply the necessary so il cover. 

2.3.11 Operating Hours 
The current Ci ty of Billings landfil l is open Monday through Saturday fro m 8:00 a.m. 
to 5:30 p.m. From May through October, the fac ility is a lso open on Sunday from 
noon to 5:00 p.m. The fac ility is closed on New Year's Day, Memorial Day, July 4th, 
Labor Day, Thanksgiving Day, and Christmas Day. 

2.3.12 Access Control 
Planned access to the landfill expansion will be provided by Hillcrest Road from 
South Billings Boulevard. Access into the fac il ity wi ll be controlled th rough a 
lockable entra nce gate and perimeter fence around the land fi ll faci lity. All landfill 
users will enter the expa nsion area th rough the main facil ity gate. Scale house 
personnel will conti nue to control all access through this existing land fill entrance. 
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2.3.13 Acceptable Wastes 
The proposed expansion area will be licensed as a Class II SWMS and continue to 
accept Group II, Ill, and IV wastes, as is the current practice at the existing COB Class 
II Landfill facility. Group II wastes include decomposable wastes and mixed solid 
wastes containing decomposable materials but exclude regulated hazardous waste. 
Group Ill wastes include wood wastes and other clean non-water soluble or inert 
solids. This category includes, but is not limited to, brick, rock, dirt, concrete, 
unpainted and unglued wood materials, and tires. Group IV wastes include 
construction and demolition wastes and asphalt but exclude regulated hazardous 
wastes. 

2.3.14 Waste Screening and Prohibited Wastes 
The landfill staff would perform random load inspections to assure landfill 
compliance with regulations prohibiting the disposal of regulated hazardous waste 
and polychlorinated-biphenyls (PCB) in solid waste landfills. The landfill operator 
will monitor each load of incoming wastes at the scale house. Waste screening 
procedures, including random and targeted load inspections, would continue to be 
implemented to prevent prohibited wastes from entering the COB Class II Landfill 
Facility. If unacceptable wastes are discovered at the scale house, the facility would 
reject the load and instruct the customer to dispose of it at an appropriate facility. 
Any unacceptable waste discovered by the equipment operators at the working face 
would be segregated in the waste disposal unit fo r handling and disposal by a 
qualified consultant. The faci lity operator would noti fy DEQ's Solid Waste Program 
within 24-hours when prohibited wastes are discovered at the faci lity or when 
incoming loads are rejected during the on-site waste screening activities. 

The following prohibited wastes would not be accepted for disposal at the COB Class 
II Landfill Facility: regulated quantities of hazardous waste; listed hazardous 
wastes; explosives; regulated quantities of polychlorinated biphenyls (PCBs); bulk 
liquids; highly flammable or volatile substances; septic tank pumpings; and 
infectious waste as defined by 75-10-1003, MCA. 

If questionable wastes that do not fall into the above categories are discovered 
during operations, these wastes would not be incorporated into the active disposal 
areas but would be placed outside the area of dai ly operation for further evaluation. 
Temporarily stored wastes would be segregated from other wastes in the landfill 
and protected from wind and water dispersion and leaching as may be appropriate 
for the type of waste. The hauler responsible for the waste would be determined 
and would be asked to identify the source of the waste. The waste will then either be 
removed from the site by the hauler, or the characteristics of the waste identified by 
the generator to confirm that the waste is acceptable. If the hauler cannot be 
identified, the COB would have the waste characterized by a private laboratory. In 
the event that the waste is determined to be prohibited, handling and disposal 
would be in accordance with the requirements of the appropriate regulatory 
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authorities. The COB would notify DEQ within 24-hours of discovery tha t prohibited 
waste has been delive red to the landfill. 

2.3.15 Landfill Equipment 
Equipment to be used at the landfil l during operations includes: 

• Doze rs; 
• Loaders; 
• Compactors; 

• Graders; 

• Water Truck; 

• Vacuum Truck; 
• Excavator; and 

• Roll-off Trucks . 
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Figure 2.10 - Landfill Final Grading Design 
(Source: Great West Engineering, Billings landfill Expansion Application, 2015 (*not to 
scale)) 
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The facility also has an assortment of pick-up trucks, dump trucks, a nd a 
welding/service truck that will be ava ilable for site operations. 

The following equipment will be used during landfi ll construction: 

• Doze rs; 

• Loaders; 

• Rollers; 

• Graders; 

• Water Truck; 

• Scrapers; and 

• Excavators . 

2.3.16 Daily Landfill Operations 
The sca le operator will continue to be the first point of contact for vehicles e nte ring 
the landfill and will direct vehicles to the appropriate waste management areas 
based upon the type of material being disposed. Trained landfill personnel w ill 
continue to maintain control over the area used for discharging wastes. Shipments 
of special waste with unique disposa l requirements, such as fria ble asbestos or dead 
animals, would a lso be directed to their respective disposal a reas. Since wastes w ill 
be brought to the landfill in a variety of vehicles, the scale operator will direct the 
individual haulers to areas of the working face apa rt from the larger commercial 
vehicles or to roll-off containers located near the scale. Large household appliances 
and metals will continue to be un loaded at a separate drop-box container. 

As refuse is being unloaded at the containers or working face, landfill staff will 
inspect the loads for recyclab le or prohibited materials. Unacceptable waste 
identified by landfill staff will continue to be separated for proper treatment and 
disposal or rejected and returned to the customer. As appropriate, customers with 
recyclable or salvageable materia ls wi ll conti nue to be directed to a licensed off-site 
recycling facility . 

2.3.17 Severe Weather Operations 
All-season roads w ill be constructed by re-compacting the subgrade materials 
within the facility boundary to ensure that fac ility operations a re not hindered 
during inclement weather. Asphalt may also be used to construct permanent roads 
in areas that will be used during the life of the facility. The location of the publ ic 
drop-off area may be adj usted as necessary during muddy conditions. During windy 
weather, the operators w ill utilize temporary litte r fences that can be moved to 
strategic areas of the landfill to catch blowing litter. The worki ng face may a lso be 
moved to lower elevations, or operations may be shut down temporarily during 
extremely windy conditio ns. 
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2.3.18 Litter Control 
Wastes will continue to be compacted and covered as required in the active waste 
disposal unit as soon as possible after deposition to reduce the possibility of 
blowing litter. Whenever possible, the active working face will be oriented to the 
downwind side of prevailing winds and kept to the smallest practical area to 
minimize exposure and help reduce blowing litter. Landfill personnel will continue 
to regularly patrol the landfill perimeter and pick up litter blown from the working 
face on a daily basis. Additionally, portable litter fences may be placed downwind of 
the working face. Litter caught on the fences is removed dai ly, or as necessary. All 
loads require tarps placed over open truck loads. 

2.3.19 Dust Control 
The operator is required to control dust on the interior facility roads. Water will be 
applied as a dust suppressant on an as-needed basis using a water truck. 
Application of water as a dust suppressant will not cause runoff, erosion, or 
water/waste interaction. The water will be applied to the road any time the 
operator observes dust beginning to circulate into the air more than about three 
feet, where visibility of the drivers could be obstructed. In windy conditions, the 
operator shall be prepared to implement dust control measures to prevent dust 
generation. If the operator is unable to control dust generation, the site manager 
may temporarily halt operations to mitigate dust generation. 

To minimize dust generation in the lined active waste disposal units, the facility may 
use leachate generated from the waste unit as a dust suppressant within the unit. 
Leachate w ill only be applied within the active waste disposal unit as-needed to 
achieve the desired results. 

2.3.20 Leachate Control 
According to the solid waste regulations, moisture that contacts waste is considered 
leachate. Leachate generated from the landfill disposal units will be managed by 
evaporation. The COB wi ll construct two separate leachate evaporation ponds, a 
1.5-acre East Leachate Pond and a 1.0-acre West Leachate Pond. Both leachate 
evaporation ponds will be constructed with at least two-feet of free board. The 
evaporation pond design will provide a maximum capacity sized for variations 
based on historic annual precipitation models and the peak flows experienced at the 
active landfill. The leachate ponds have no outlet and leachate may not be released 
from the leachate pond or landfill units, although leachate may be recircu lated over 
the active Class II landfil l unit for land application or infiltration over the composite 
liner. Solid waste regulations prohibit more than 12 inches of leachate over the 
liner. Leachate collected in the ponds will be monitored and recorded regularly in 
the facility operating record. 

2.3.21 Storm Water Control 
Storm water is water that originates during precipitation events and snow and ice 
melt. Storm water can soak into the ground, be held on the surface to evaporate, or 
run off towards downstream surface water bodies. Two storm water ponds will be 
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constructed to retain storm water for sediment control. During routing, this storm 
water runoff wi ll be managed us ing standard best management practices (BM P's). 
Storm water BM P's are control measures used to ma nage changes in the quality a nd 
quantity of s torm water runoff. BM P's a re des igned to reduce the volume, peak 
flows, a nd /or quality of s torm water through evapo ration, infiltra tion, detention, 
and filtra tion. BM P's, including erosion control mats, screens, wattles, or berms, 
ditches, a nd ponds wi ll be constructed according to the facility Storm Water 
Pollution Prevention Pla n (SWPPP). 

Perimete r ditches wi ll s urround the facility to interce pt natural runoff from outside 
the faci lity, prevent it from flowing onto the s ite, a nd route it away from the facility 
into adjacent natura l dra inages. Perimeter rip-rap ditches wi ll a lso be constructed 
to convey runoff from areas on the interior s ide of the fac ility perimeter road, but 
outside the waste di sposa l units, toward a central ditch to the ponds. The central 
ditch will be constructed in the current drainage (Stream 1 - Section 3.4.2) that 
flows 1.5 mi les north-northeast through the proposed a rea. The di tches are 
designed to carry the maximum 25 -year 24-hour storm flow vo lume as required 
(3.25-inches/day) to control site erosion during large sto rm events. The pond inlets 
and outlets will be constructed with riprap plunge pools to further minimize erosion 
impacts. The 127-acre west drainage basin dra ins into the 2.5-acre west s torm 
water pond. The west s torm water pond is des igned to hold 9.1 million gallons (28 
acre-feet); the di scha rge calcula ted from a 25-year, 24-hour s torm event for the area 
captured by the west basi n is 22.7 ac re-feet, or 7.4 million ga llons. The 123-acre 
east dra inage bas in dra ins in to the 3-acre east s torm water pond. The east s torm 
water pond is des igned to hold 7.2 million ga llons (22 acre- feet); the discharge 
calculated from a 25-year, 24-hou r storm event for the a rea captured by the east 
basi n is 21.5 acre-feet, or 7.0 million gallons. 

Effective eros ion control BM P's, such as revegetation, may a llow clean runoff from 
some a reas to a lso be routed to the centra l coulee and natura lly discharged offsite. 
The ex is ting general s torm water industrial discharge pe rmit issued by the DEQ 
Wate r Protection Bureau for the current Class II Landfill faci lity wi ll be extended 
prior to operations in the proposed expansion a rea. The COB w ill a lso acquire the 
necessary s torm water construction permits prior to any landfill unit 
construction /expansion activities. 

The BM P's, including the establishment and maintenance of vegetation on closed 
areas as well as on the so il stockpiles, wi ll be implemented as necessary. Areas 
receiving fin a l cover would be contoured fo r pos itive dra inage so that surface runoff 
would be routed away from the active disposal a rea. Runoff from fully re-vege tated 
and closed a reas of the landfill final cover may discharge na tura ll y off-site. 

2.3.22 Contingency Planning 
The O&M Plan for the active COB Class ll La ndfill faci li ty has current contingency 
plans for unusua l s itua tions beyond typical screening procedures. The expanded 
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facility will follow s imilar updated detailed response plans for fire protection and 
notifications during emergencies. Presently, all emergency operations will be 
managed under the Incident Command System with one designated Incident 
Commander. Initial response will be the responsibility of the Landfill Supervisor or 
any landfill employees present as the mecha nism to get the most appropriate 
emerge ncy response personnel to the si te as soon as possible. The Solid Waste 
Superintendent will assume the lead role in coordinating all contingency plans 
beyond the initia l response phase. In the a bsence of the Solid Waste 
Superintendent, the Landfill supervisor a nd Environmental Compliance 
Coordinator, in that order, will assume the role of Incident Commander un less 
re placed by a more a ppropriate person. The O&M Plan is reviewed at least every 
five years and as part of the review, the contingency plan will be updated as 
necessary for DEQ review a nd approval. 

2.3.23 Financial Assurance 
In accordance with ARM 17.50.540, all Class II la ndfill s must provide and maintain a 
Financial Assurance (FA) mechanism to cover costs associated with facility closure 
and post-closure care. FA ensures that work associated with facility closure and 
post-closure care is completed in the event the operator cannot or will not do so on 
his own accord. Financial assurance is al ready required fo r the active COB Class II 
La ndfill facility. 

The amount of FA required is based upon the proposed maximum costs associated 
with third-party closure of the maximum exposed landfill area a nd the performance 
of post-closure care activities. If the proposed facility expansion is app roved, the 
current total cost estimate for FA is $7,059,470 and includes projected closure costs 
of $5, 798,870 and $1,260,600 for the 30-year post-closure care period. 

The existing COB Class II Landfill FA mechanism is a trust fund . The regulations 
require that the trust fund be funded prior to the initial placement of waste in the 
proposed expans ion area. DEQ will be the fund beneficiary and control a ll release of 
money from the trust fund. The minimum annual payment required to cover the 
cost of closure and post-closure care is based upon the size of the projected largest 
open area of the landfill units. The projected largest open a rea is 119 acres. The FA 
cost based upon this is currently estimated to be $178,864 accumulated over the 
first 38 years (Phases 1-4). A payment of $26,263 would be required annually 
thereafter based on projected 10-year remaining life until closure. The regulations 
require all Class II faci lities to update the FA cost estimates, including adjustments 
for inflation, and payments to the approved FA mechanism on an annual basis to 
e nsure that the approved FA mechanism is adequately funded. 

2.3.24 Post-Closure Care 
The Post-Closure Plan identifies the ins pection, maintenance, and monitoring 
activities to be completed during the 30-year post-closure care period, and 
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identifies the freque ncy fo r conducti ng these activities. The fi nal proposed use o f 
the fa ci lity is rangela nd. 

According to the Post-Closure Plan, deta iled inspections of the closed landfill facility 
will be conducted yea rly d uring the post-closure ca re pe riod a nd w ill incl ude: 

• Evaluation o f the fina l cover fo r settlement, erosion a nd quality of vegetation; 
• Inspection of leacha te collection, monitoring, and evaporation systems for 

da mage o r degradation; 
• Inspection of drai nage contro l fac ilities (berms, di tches, ca tch basi ns, p iping, 

ma nholes, outlets a nd ponds) fo r e rosion, damage, blockage or accumu lation 
o f sediment; 

• Cond ition and fun ctiona lity o f groundwate r and methane mon itoring well s, 
• General s ite condi tions (gates, locks, fencing, survey monume nts, etc.) ; and 
• Evaluat ion o f the FA. 

The leachate collection pipes w ill a lso be cleaned as necessary. If damage or 
degrada tion to the final cover, dra inage contro l fac ili t ies, monito ring systems o r 
genera l s ite fea tures is noted, maintenance w ill be comple ted by the owner on a 
timely basis. Such maintenance act ivities w ill be descr ibed in the Post-Closure Plan, 
wi ll fo llow manufacturer's s peci fi ca t ions as necessary, a nd meet all approved 
CQA/CQC procedures. The nature o f the main tenance completed will be noted on 
the ins pection fo rm, which wi ll be added to the operating record. 

A re port describing the inspect ions, cond itions observed, cor rect ive actions, 
ma inte nance activit ies, monitor ing activities pe rfo rmed, and a nnual FA a djus tments 
needed in connection with the closed faci li ty w il l be submi tted to DEQ annually and 
entered in to the o perating record. Routine groundwater or methane mon itor ing 
will be perfo rmed by the owner during the post-closure ca re period in accorda nce 
w ith th e DEQ-a pproved Groundwater or Metha ne Monito ri ng Plans. 
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3 AFFECTED ENVIRONMENT AND ENVIRONMENTAL CONSEQUENCES BY 
RESOURCE 

3.1 INTRODUCTION 

Section 3 describes resources that could be affected by the Proposed Action and 
discusses the e nvironmental consequences of the Proposed Action and the No Active 
Alternative. 

3.2 LOCATION DESCRIPTION AND STUDY AREA 

The project location and associated study area for the Proposed Action include all 
lands and resources in the proposed Project Area, plus those additional areas 
identified by technical disciplines as "resource a nalysis a reas" that a re beyond the 
Project Area. Resource analysis a reas are identified for each technical discipline. 

3.3 TERRESTRIAL AND AQUATIC LIFE AND HABITATS 

3.3.1 ANALYSIS AREA AND METHODS 

The analysis area for wildlife and aquatic life is the proposed COB Class II Landfill 
facility expansion site. The analysis methods included DE Q's research of the Natural 
Resource Heritage Program database to dete rmine the presence of threatened, 
li sted, and/or endangered pla nt a nd animal s pecies. DEQ also reviewed the United 
States Geological Survey topographic maps to determine existing water resources in 
the area. 

3.3.2 AFFECTED ENVIRONMENT 

The proposed la ndfill expansion a rea is in an upland plain that is dissected by a 
secondary drainage that flows to Blue Creek. Blue Creek is a tributary of the 
Yellowstone River. The expansion area is currently used intermittently for livestock 
grazing. 

The tract is currently dominated by various grasses, sage, and cacti that may be used 
as forage by transient local wi ldlife such as mule deer. Large areas of similar 
vegetation are found adjacent to the pro posed expansion area. The landscape is not 
un ique and does not contain any specially designated or unique wildlife habitat 
features. 

Wetland and stream delineations were conducted within the area of the proposed 
expansion. (Appendix D). During the investigation, 14 wetlands, occupying a total of 
approximately 2.41 acres, were ide ntified. These wetlands were distinguished from 
the abutting uplands by the presence of wetland indicators, including hydric soils 
(soils that are saturated, flooded or ponded long e nough during the growing season 
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to create anaerobic conditions), and hydrophytic vegetation (plants that grow in the 
water, or areas deficient in oxygen due to excess water). 

The proposed expansion a rea is located in the Blue Creek Watershed. There are 22 
unnamed first-order intermittent streams that discharge into a large second-order 
intermittent stream (where 2 or more first-order streams join). These 22 unnamed 
intermittent streams do not carry water yea r-round, but only exhibit seasonal flow 
when runoff exceeds the rate of infiltration. The large second-order intermitte nt 
stream identified as Stream 1 is located in the center of the proposed expansion 
area. Seasonal flow occurs in Stream 1 when runoff exceeds the rate of infiltration. 
Stream 1 starts just south of the proposed area and runs 1.5 miles north-northeast 
through the proposed area. Discharges from Stream 1 flow into Blue Creek through 
the culverts constructed under Blue Creek Road. During springtime weather events, 
it is expected that this area would generate low-gradient riffles. However, the 
resulting shallow, coarse-bedded intermittent streams with s low flows, but high 
turbulence, do not provide fish habitat. 

3.3.3 ENVIRONMENTAL CONSEQUENCES 

3.3.3.1 No Action Alternative 

Under this alternative, because the site would not be developed, there would be no 
additional impacts to terrestrial and aquatic life and habitats. 

3.3.3.2 Proposed Action 

The primary impact anticipated due to the construction and operation of the landfill 
w ithin the expansion area w ill be the displacement of terrestrial and avian species 
that may currently occupy the site. The COB application for expansion was received 
before January 1, 2016. Therefore, compliance with the Sage Grouse Executive 
Order is not required. However, DEQ consu lted maps of sage grouse habitat 
avai lable from the Montana Sage Grouse Conservation Program to determine 
whether sage grouse habitat is present in the proposed expansion area. The result 
of the habitat map review indicated that sage grouse habitat is not present in the 
proposed expansion area. 

A search of the Montana Natural Heritage Program database indicated that there are 
no threatened or endangered terrestrial or avian species, nor Species of Concern or 
Special Status species, identified in Township 1 South, Range 26 East. The 
displacement of other wildlife habitat from construction and operation of the facility 
may alter the movement of local w ildlife. Current populations of transient wildlife 
that may inhabit portions of the proposed expansion area site would move to other 
areas of simi lar habitat. Not a ll disposal areas within the proposed expansion a rea 
would be open at any one time; a maximum of 119 acres of landfill units would be 
open at any one time. This would leave undisturbed areas available for grazing and 
bedding. Once the current COB landfill reaches capacity, the disposal units wo uld 
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be closed, capped, and revegetated. Existing wildlife would likely migrate away 
from disturbances in the proposed expansion area and move into the closed landfill 
where interactions with humans, vehicles, and heavy equipment would be minimal. 
Therefore, the impacts from landfill construction and operation on wildlife habitat 
would be minor due to the abundance of surrounding similar habitats in the vicinity 
to accommodate any terrestrial or avian species that may be forced to relocate. 

3.4 HYDROLOGY 

3.4.1 ANALYSIS AREA AND METHODS 
The analysis area for hydrology is the proposed COB Class II Landfill facility 
expansion site and the drainage area one mile downstream of Blue Creek to the 
Yellowstone River. A discussion of regional geology, based upon published reports, 
is also provided herein. The analysis methods for hydrology included reviewing on­
site drilling information, publications of the Montana Bureau of Mines a nd Geology, 
and published topographic maps of the area. 

3.4.2 AFFECTED ENVIRONMENT 

3.4.2.1 Surface Water 
The proposed COB Class II expansion site is located approximately 0.8 mile south of 
the Yellowstone River, the main drainage mapped on the United States Geological 
Survey (USGS) Billings East MT 1:24,000 quadrangle. Generally, surface water 
drains from the surrounding upland areas to the north and east via several seasonal 
first order drainages to large seasonal second order drainage to Blue Creek and into 
the Yellowstone River. 

As part of the proposed expansion project, CO B's consulting engineers conducted a 
wetland and stream delineation study in October 2012. The investigation was 
conducted using methods described in the Corps of Engineers Wetland Delineation 
Manual, as updated by the Regional Supplement to the Corps of Engineers Wetland 
Delineation Manual: Great Plains Region. The field investigation identified 14 
wetlands with a cumulative area of 2.41 acres in the study area. The proposed 
expansion area also contains 22 unnamed first-order streams that discharge into a 
large second-order stream (where 2 or more first-order streams join). The large 
second-order intermittent stream, identified as Stream 1, runs through the center of 
the proposed expansion area. Stream 1 starts just south of the proposed area and 
runs 1.5 miles north-northeast through the proposed area, and discharges into Blue 
Creek through the culverts constructed under Blue Creek Road. In the week prior to 
the October 2012 stream delineation investigation, Billings had 1.5 inches of rain 
and temperatures were generally in the normal range for early October. None of the 
intermittent streams, including Stream 1, contained surface water flow in any part 
of the channel during the October 2012 field investigation. Due to the intermittent 
nature of these drainages identified within the proposed expansion area, none of 
these drainages contribute a large amount of flow to Blue Creek. 
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3.4.2.2Ground Water 
The dis tribution and phys ica l propert ies of the underlying geologic units a ffect the 
availability, movement, a nd quality of ground water. The proposed expansion site is 
located wi thin the Yellowstone Rive r valley which li es between the sandstone cliffs 
to the north a nd rolling hill s unde rl ain by a thick sequence of sha le to the south. The 
cliffs are loca lly known as the "Rims" and are composed of the Eagle Sandstone a nd 
the Telegraph Creek Formation, both of which a re Cretaceous in age. The sandstone 
formations dip gently to the north and are not present in the valley beneath the 
river. Within the Yellowstone River va lley, the Yellowstone Ri ver has cut down into 
a thick sequence of Cretaceous aged shale. The shale sequence is on the order of 
2,000 feet thick and is widely exposed in the hills south of Billings, as evidenced in 
the proposed landfill expansion a rea hydrogeological a nd so il s investiga tion. 

The two geological units within the proposed landfill expansion property a re the 
Belle Fourche unit and the Quaternary-aged (Pleis tocene) depos it. The Belle 
Fourche s hale underli es the entire site, exposed either at the surface or near the 
surface, a nd cons ists of a fin e-grained sedime ntary rock of upper Cretaceous age. 
The unit is thinly-laminated, dark bluish-gray, and consists a lmost entire ly of s ilt­
a nd clay-s ized parti cles. The Quate rna ry-aged (Pleistocene) deposit consists of si lt, 
sand and gravel that underlie the center of the easternmost part of the expansion 
area property; it is expressed as a fl at, non-eroded pra irie and is obvious on the land 
east of the expans ion area property. Several faults were identified in the proposed 
expans ion area. None of the faults are active and the proposed landfill expansion 
a rea does not lie w ithin any se is mic impact zone. 

Within the Yellowstone River va lley, ground water genera lly occurs in gravel 
deposits ranging from 0 to 30 feet thick a nd lying beneath these terraces . Saturated 
thickness beneath the terraces is approximately 15 feet a nd the individua l te rraces 
do not appear to be hydraulica lly connected. There is up to 100 feet of silty clay or 
clayey sand above the saturated gravel units that acts as a confining laye r in some 
a reas. 

Ground water in the proposed expa nsion area was encountered in at least two of the 
four deeper borings a nd monitoring well s were established a t these two locations 
(BB and B16). In general, the lower depths of the weathered Belle Fourche shale, 
perhaps as deep as 45 feet below ground surface, appear capable of transmitting 
small quantities of groundwater. Ground water also migrates on top of thicker 
bentonite beds. Due to the lack of consis tency in the occurrence of ground wa te r, the 
genera lly shallow depths a t which it was conclus ively detected and a pparently low 
yields of the water-bearing formations, the hydrogeologica l regime a ppears to 
consist of locally recharged perched aquife rs. Conditions documented during the 
hydrogeological and so il s s tudy support the assertion that groundwater is not 
contiguous, is locally recha rged, and occurs as isola ted, perched water-bearing 
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zones. These are the same conditions that are dominant at the existing landfill, 
which is immediately adjacent to the proposed expansion area. 

Locations of nearby ground water wells, including public water supply wells, within 
one-mile of the proposed expansion area boundary were identified by a search of 
the Montana Bureau of Mines and Geology's (MBMG) Groundwater Information 
Center (GWIC) database. The GWIC database lists 46 water-supply wells within a 
one-mile radius of the proposed expansion area. Because the GWIC database locates 
wells by section, all wells in the section containing the proposed expansion area 
were included in this analysis. Table 3.1 summarizes the well information by 
section. The data used to create this table are collected from well drillers' records 
and are not verified for accuracy. The wells identified by GWIC nearest to th.e 
proposed expansion site are greater than 20 feet deep and have static water levels 
greater than 7 feet below ground surface. Most of those wells are concentrated 
within the southeast quarter of Section 20, Township 1 South, Range 26 East. All but 
four of the wells are set in alluvial aquifers related to Blue Creek or the Yellowstone 
River. The remaining four wells appear to penetrate aquifers within the Mowry 
shale. The Mowry shale underlies the Belle Fourche formation found at the landfill 

3.4.3 ENVIRONMENTAL CONSEQUENCES 

3.4.3.1 No Action Alternative 
Under this a lternative, because the site would not be developed, there would be no 
additional impacts to surface water or ground water. 

3.4.3.2 Proposed Action 

3.4.3.2.1 Surface Water 
Surface water at the proposed site consists of the natural flow of water discharged 
when the excess water generated by rain or snowfall, melting of accumulated snow, 
or seepage from groundwater springs flows freely over the land surface into the 
intermittent drainages. 

Surface water flow may occur over bare rock or ice, when the soil is saturated and 
ponding capacity is exceeded, when precipitation falls more quickly than the soil can 
absorb it, or more typically when a combination of all these conditions exists. Storm 
water runoff can cause erosion and may transport sediments some distance from 
their source depending upon the intensity of the runoff, vegetative cover, soil 
characteristics, and topography. 

The current regulations require licensed solid waste management systems to 
control storm water. As discussed in the fac il ity design section, the overall design of 
the proposed COB Class II Landfill facility includes the construction of two 
perimeter ditches and a central ditch and berms that would prevent upgradient 
storm water from entering any waste disposal area. 
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Perimeter rip-rap ditches would also be constructed to convey runoff fro m areas on 
the interior side of the facil ity perimeter road, but outside the waste disposal un its, 
towa rd a central ditch to the ponds. The interior perimeter d itches a re designed to 
ca rry the maximum 25-yea r 24-hour s torm flow volume as requ ired (3.25-
inches/day) to control site erosion during la rge s torm events. Storm water flow in 
the inte rior perimete r ditches would be conveyed to one of two s torm water 
detention ponds. The detention ponds a re des igned to settl e the solid particles in 
the s torm water and reta in a t a min imum the tota l vo lume of wate r from the 25-
year, 24-hour storm event in acco rdance w ith State a nd Federal requirements. The 
pond inlets a nd outlets would be constructed with riprap plunge pools to further 
minimize e rosion impacts. The 127-acre west drainage basin drai ns into the 2.5-
acre west s torm water pond. The pond is designed to hold 9.1 million gallons (28 
acre-feet) ; the di scha rge calculated from a 25-year, 24-hou r storm event for the a rea 
captured by the west basin is 22.7 acre-feet, or 7.4 million gallons. The 123-acre 
east basin drai ns into the 3-acre east storm water pond. The east storm water pond 
is designed to hold 7.2 million ga llons (22 acre-feet); the discharge ca lculated from a 
25-year, 24-hour sto rm event for the area captured by the east basin is 21.5 ac re­
feet, or 7.0 million gallons. 

The COB would operate a nd mainta in the detention ponds and ditches in 
acco rda nce with the SWPPP a nd Gene ra l Indus tria l MPDES Permit throughout the 
life of the facil ity. As required by the regula tions, the s torm water re tention pond is 
designed a t a minimum to conta in a s urge of storm water generated from a 25-year, 
24-hour ra infall with adequa te freeboard on pond inlets and berms. Any necessary 
discharges from the ponds would be routed to the na tural drainage that flows to 
Blue Creek. If a discharge is necessary, COB must first sample the ponds for total 
dissolved solids and total iron before any storm water is released into the central 
coulee to become sta te waters and fl ow downstream into Blue Creek and the 
Yellowstone River. These actions are required according to the facil ity's MPDES 
Permit requirements regulated by DEQ's Wa te r Protection Bureau to ensure that a 
discharge does not deposit sedime nt downstream. 

The COB landfi ll staff would be respons ible fo r ma inte na nce of all on-s ite drainage 
s tructures a nd ditches. Maintenance wou ld include the implementation of Bes t 
Ma nagement Practices (BMPs) to control e ros ion and sed ime nt transport. 

Construction of landfill units and associa ted features of the proposed expansion 
a rea wou ld remove the 2.41 acres of existing wetlands identifi ed on site. The 
wetlands a nd bodies of water that would be affected by the expans ion curren tly 
have direct contact to Blue Creek, w hich fl ows into the Yellowstone Rive r via the 
second order drai nage (Appendix D - Wetlands Delineation Re port) The United 
States Army Corps of Engineers (USACE) has e lected the Yellowstone River as 
Traditional Navigable Water, or TNW. Thus, all impacted wetlands a nd bodies of 
water are subject to jurisdiction under Section 404 o f the Clean Water Act. COB 
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must also obtain a 401 certification from DEQ's Water Quality Bureau prior to any 
construction activity. The USACE is accountable for Section 404 determinations. 
The COB must obtain a 404 permit from the USACE prior to any wetland 
disturbance. 

With the removal of these wetlands, the construction of mitigated wetlands is 
required. Wetland mitigation must occur prior to construction. The minimum 
wetland mitigation requirement would be a 1:1 ratio to achieve 2.41 acres of 
w etland, or 2.41 mitigation cred its. However, mitigation could require at least a 2:1 
ratio, depending on project timing and if mitigation wetlands are like ly to provide 
the same or better quality of habitat. Actual mitigation requirements would be 
determined prior to 404 permitting in a Wetland Mitigation Plan. Additional 
mitigation credits would be required if mitigation is not completed before 
construction. 
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Table 3.1: Nearby Well Information 
Source: Montana Bureau o Mines and Geolo 

26E 19 
94160 OlS 26E 19 WELL 30 10 
94161 OlS 26E 19 DD WELL 30 10 

144866 OlS 26E 20 WELL 22 12 

94163 OlS 26E 20 WELL 32 7 

94164 OlS 26E 20 WELL 29 13 

94165 OlS 26E 20 WELL 35 14 

94166 OlS 26E 20 WELL 35 14 

199219 OlS 26E 20 WELL 29 18.5 

94170 OlS 26E 20 D WELL 32 12 

94171 OlS 26E 20 D WELL 29 14 

94172 OlS 26E 20 D WELL 32 15 

94173 Ol S 26E 20 D WELL 36 16 

94174 OlS 26E 20 D WELL 34 15 

94181 OlS 26E 20 D WELL 35 25 

143913 OlS 26E 20 D WELL 31 11 

94176 OlS 26E 20 DA WELL 30 18 

75 

20 

20 

20 

10 

10 

50 

10 

25 

20 

8 

8 

15 

20 

94177 OlS 26E 20 DA WELL 33 8 12 

280024 OlS 26E 20 DA WELL 29 13 8 

280024 OlS 26E 20 DA WELL 29 13 8 

94178 OlS 26E 20 DAA WELL 29 15 30 

94162 OlS 26E 20 DACA WELL 36 19 8 

144867 OlS 26E 20 DACB WELL 29 16 24 

94179 OlS 26E 20 DD WELL 35 7 15 

94180 OlS 26E 20 DD WELL 32 14 20 

12/23/1999 
8 12 1977 DOMESTIC 
8/12/1977 DOMESTIC 

6/20/1988 DOMESTIC 

10/9/1967 DOMESTIC 

4/20/1978 DOMESTIC 

11/28/1977 DOMESTIC 

11/29/1977 DOMESTIC 

8/6/2002 DOMESTIC 

3/28/1968 DOMESTIC 

12/16/1974 DOMESTIC 

12/16/1974 DOMESTIC 

9/28/1977 DOMESTIC 

11/7 /1979 DOMESTIC 

1/1/1954 DOMESTIC 

10/3/1989 DOMESTIC 

5/10/1962 DOMESTIC 

9/12/ 1963 DOMESTIC 

8/21/2014 DOMESTIC 

8/21/2014 DOMESTIC 

11/ 14/1969 DOMESTIC 

10/16/1976 DOMESTIC 

10/ 15/1990 DOMESTIC 

6/19/ 1978 DOMESTIC 

10/15/1986 UNKNOWN 

143914 OlS 26E 20 DD WELL 27 9 20 6/23/1989 DOMESTIC 

187038 OlS 26E 20 DD WELL 33 13.8 33 5/15/2000 IRRIGATION 

184287 OlS 26E 20 DOB WELL 110 31 2.5 8/8/2000 DOMESTIC 

705319 OlS 26E 20 DDDA WELL 22 7 / 1/1978 DOMESTIC 

270054 OlS 26E 21 DB WELL 15 8/14/2012 MONITORING 
1--~~-+-~-+-~~!-----il--~-+~~-+~~~-+-~~+-~-+-~~~~--+-~~ 

94189 OlS 26E 28 WELL 55 14 25 8/25/1975 DOMESTIC 

9419! OlS 26E 28 ABBD WELL 30 10 5 11/26/1984 DOMESTIC 

181372 OlS 26E 28 ACDB WELL 

6978 OlS 26E 28 ACDB WELL 25 

143915 OlS 26E 28 BA WELL 45 

94192 OlS 26E 28 BA WELL 25 

218551 OlS 26E 28 BAA WELL 20 

705320 OlS 26E 28 BACD WELL 40 
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18 
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46 

DOMESTIC 

1.5 8/ 5/ 1991 DOMESTIC 

20 1/ 1/ 1895 DOMESTIC 

11/6/ 2003 TEST WELL 

DOMESTIC 
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230197 OlS 26E 30 DB WELL 35 9/29/2006 DOMESTIC 
94193 OlS 26E 31 BB WELL 1,291.00 1/1/1961 STOCK 

176733 OlS 26E 33 DDC WELL 245 75 0.5 8/9/1999 
94197 OlS 26E 33 DDDA WELL 32 9 20 7/12/1982 UNUSED 

162939 OlS 26E 33 BDD WELL so 28 30 2/28/1997 IRRIGATION 

The wetland delineation report identified other potentially jurisdictiona l 
waterbodies, including Stream 1, a seasonal tributary to Blue Creek, and several 
intermittent tributaries to Stream 1. As discussed in Section 2.3.21, the central ditch 
would be constructed in Stream 1 to divert storm water runoff in the facility to one 
of two storm water detention ponds. The construction of the proposed expansion 
would be considered one project, so a ll impacted wetlands and jurisdictional water 
bodies would require mitigation even if construction is completed in phases and 
only disturbs a portion of the waterbodies at any given time. 

Due to the small size of the watershed in the proposed expans ion area, the low 
precipitation the a rea receives, the perimeter ditches, and the proposed storm water 
controls including the storm water ponds, the impacts to surface water from the 
construction and operation of the facility are expected to be minor. The controlled 
release of storm water from the storm water detention pond would not contain the 
suspended sediments that is currently contained in runoff that occurs presently 
during heavy precipitation or snowmelt events. 

3.4.3.2.2 Ground Water-No Migration Determination 
The hydrogeological and soils investigations were conducted during March and 
April of 2013 and then again during September 2014. The 2013 field work 
consisted of the drilling and excavation of 10 exploratory borings and 17 test pits. 
During September 2014, an additional 21 test borings and 40 test excavations were 
completed. Of the 31 test borings, 28 terminated in the Belle Fourche shale, ranging 
in depth from 17 to 300 feet below ground surface (bgs). The 57 test pits were 
excavated to a depth of approximately 12 feet bgs. Figure 3.1 provides a ma p of the 
location of soil borings and test pits. 

The subsurface profile in the exploratory borings generally consisted of a thin layer 
of topsoil overlying interbedded layers of alluvial clay, sand, and gravel which 
extended to depths ranging from approximately 0.5 to 50.5 feet bgs. 
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The profile encountered in the test pits generally consisted of a thin layer of topsoil 
overlying interbedded layers of a lluvial clay, sand, and gravel which extended to 
depths ranging from approximately 1.5 feet bgs to beyond the excavated depth of 
approximately 12 feet bgs. The Belle Fourche shale bedrock was e ncountered below 
the alluvia l so il deposits and extend ed beyond the maximum depth of the test pits in 
42 of the 57 test pits. 

The Belle Fourche sha le in the a rea is reported to be at least 350 to 400 feet thick, 
and is documented in a well log to be from 1,200 to 1,300 feet thick in one well 
located approximately 1.5 miles to the west of the expansion area. The shallowest 
groundwater proximal to the proposed expansion area is at the current COB Class 11 
Landfill, where previous investigations suggest that the groundwater is locally 
recharged within discontinuous zones of the Belle Fourche, the overlying Greenhorn 
shale and a Quaternary-aged landslide. Groundwater was not encountered in any of 
the drilled borings at the time of the field investigation, other than in minimal 
quantities in isolated zones. Two of the borings drilled during the site investigation 
(B8 and B16) were completed as monitoring wells at depths of 48 feet and 55 feet 
bgs, respectively. Since construction, these two wells have been monitored for water 
levels. Groundwater will not be intercepted in the areas excavated for construction 
of the disposal units. In add ition, slug tests have been performed to determine the 
hydraulic conductivity properties. The results of the s lug test conducted on well 
BRLX-B8 indicated a hydrau lic conductivity of 35 feet per day; while the slug test 
performed on well BRLX-816 indicated indicate a hydraulic conductivi ty of 0.07 feet 
per day. These conflicting results demonstrate the lack of a laterally continuous 
aquifer at the site. The result fro m well BRLX-B8 ind icates a possible, loca li zed 
infiltration to that well, which may be a response from fractures in the clay rich 
bedrock. 

The water level monitoring has indicated very limited quantities of groundwater. 
The s lug tests recharge rates validate the absence of a viable aqu ifer. To further 
determine the source and response of groundwater recharge to the aquifer, a 
pressure transducer was insta ll ed in the monitoring well completed in boring B-8 
(MW-BRLX-B-8). Transducers are used to measure and log static water level data to 
reco rd changes in water levels in wells over longer periods of time. The overa ll 
conclus ion based upon the transducer data coll ected from November 2015 to 
August 20 16 was that there no direct connection between precipitation even ts a nd 
grou nd water recharge of the loca lized aquifer. Several significant precipitation 
events that occurred during this t ime period did not. result in an increase in water 
levels, confirming that precipitation is not a source of recharge. 

Another indication of the lack of recharge in the area from precipitation is 
radiocarbon dating ana lysis performed in 1997. Three samples were co llected from 
monitoring wells located at the existing COB landfill monitoring network for 
Carbon-14 (C-14) dating. The results of the C-14 dating, alter dilution factors were 
applied, indicated that groundwater ages in the area ranged from present to 2,700 
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years before present (BP) in monitoring well DH-M-1; a mid-range of 2,400 to 6,700 
years BP in monitoring well DH-18; and from 18,700 to 23,000 years BP at 
monitoring well DH-16. 

The overall conclusion from the investigation is that the property and surrounding 
upland areas do not present an identifiable connecting groundwater system that 
would allow for the placement of either background wells or downgradient wells. 
These conditions a lso exist to the immediate south and west of the expansion area 
and are apparent by the fact that homes built in this area do not have wells, but have 
cisterns and potable water is hauled in due to the Jack of available groundwater. 
Therefore, developing a groundwater monitoring network and plan would be 
impractical for the faci li ty. 

The speed of movement of leachate migration and landfill gas diffusion within the 
shale located beneath the adjacent Phase V of the existing landfill was calculated 
using the POLLUTE version 7.11 model software. The model has a 15-year history, 
and functions on the integration of data to develop rates of flow and contaminant 
concentrations based on diffusion. The model assumes, as a conservative input, that 
there is no liner and that there is no attenuation, both of which are not the 
circumstance at the proposed expansion area; the landfill units will be lined and 
natural attenuation occurs. The minimum possible estimate from the model output 
of migration time of the leachate and landfill gas to the uppermost aquifer was 150 
years. This estimate is well beyond the expected life of the expansion plus the 
required 30-year post closure period. 

No continuous uppermost aquifer was fo und upon drilling to 300-ft maximum depth 
below ground surface during site investigations. Any leachate seepage would not 
reach this depth for 2900 years (or probably longer) after potential release into the 
natural subsurface shales. Additionally, the attenuating natural subgrade also meets 
the standards for landfill gas diffusion (e.g. any vinyl chloride component) to depths 
likely not more than 25 feet for a period of at least 100 years after closure. 
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Figure 3.1 - Location of Site Characterization Test Pits and Borings 
(Source: Great West Engineering, Billings landfill Expansion Application, 2015 (*not to 
scale)) 
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The log for the well located approximately 1.5 miles west of the expansion area, 
drilled to a depth below the Belle Fourche (1,291 feet bgs), reports the well is under 
artes ian pressure. An artesian aquifer is a confined aquifer that contains ground 
water under positive pressure. When a well is completed in a confined aquifer, the 
water level in the well rises above the height of the surrounding water table until it 
reaches hydrostatic equilibri um. Considering that leachate and landfil l gas would 
have to first migrate through the HOPE liner a nd 300 feet of the very low 
permeability shale, the leachate would then have to overcome artesian pressure of 
the deep aquifer, a phenomenon which is very unlikely. The most likely estimate for 
migra tion to the deep aqui fer is at least several hund red years for the vertical 
seepage of fluid or gas th rough a minimum 300-foot thick section of consol idated 
Belle Fourche shale. 

Finally, the combination the 60-mil HOPE liner and the alternative 6-inch barrier of 
re-compacted native (in-place) s ubgrade for the lower soil component, along with 
the highly impermeable Belle Fourche shale would provide a n exceptional barrier 
to the potential migration of leachate. This would also, in all probability, prevent 
the lateral and vertical migration of contaminants to points of potential impact for a 
period well beyond the active and post-closure period of the proposed facility. The 
extreme length of the most probable migration times for leachate exceeds the 
estimated life of the facility and the 30-year post closure care period. Additionally, 
the la ndfill design consists of the composite liner designed to impede the flow of 
liquids. The clay component of the liner system has a hydraulic conductivity of not 
more tha n l .OxlQ-7 cm/sec, meaning that any liquids passing through the day liner 
would pass through at a rate of 0.0000001 cm/sec or 0.10346 inches per year. 
The refore, wells in the a rea wi ll not be impacted by construction and operation of 
the proposed landfill expansion. 

DEQ has found that the COB has adequately demonstrated that there is no potential 
for migration of constituent's indicative of landfill contamination to the uppermost 
aquifer during th·e proposed 48-year operational life and 30-year post-closure 
period of the proposed landfil l expansion area. 

3.5 GEOLOGY AND SOILS 

3.5.1 ANALYSIS AREA AND METHODS 

The analysis area for geology is the proposed COB Class II Landfill facility expansion 
site. Some discussion of regional geology, based upon publis hed reports, is also 
provided he rein. The analysis methods for geology included reviewing on-site 
drilling information, publications of the Montana Burea u of Mines and Geology, the 
U.S. Geological Survey, and the U.S. Department of Agriculture's Natural Resource 
Conservation Service, along with their associated geology a nd soil maps and 
drawings. 
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3.5.2 AFFECTED ENVIRONMENT 

The proposed expa nsion is loca ted w ith in the Yellowstone River valley w hich lies 
between the sands tone cl iffs to the north and rolling hill s unde rlai n by a thick 
sequence of sha le to the south . The cliffs a re loca lly known as the "Rims" a nd a re 
composed of the Eagle Sands tone a nd the Telegra ph Creek Fo rmation, both a re 
Cretaceous in age. The sands tone format ions dip gen tly to the north and a re not 
present in the valley benea th the river. 

With in the Yellows tone River va lley, the Yellowstone Ri ver has cut down into a thick 
seque nce of Cretaceous aged sha le. The sha le seq uence is on the order of 2,000 feet 
th ick and is wide ly exposed in the hi ll s south of Billings, as evidenced in the 
pro posed landfil l expa nsion a rea hydrogeological a nd soi ls investiga tion. Two 
geological un its are exposed w ithin the proposed landfill expa nsion property: The 
Belle Fourche unit and the Quaternary-aged (P leistocene) deposi t. The Belle 
Fourche sha le underli es the ent ire s ite, e ither a t the s urface or near the surface. The 
unit is a fi ne-gra ined sedime nta ry rock of upper Cretaceous age. The uni t is th inly­
lamina ted, da rk b luish-gray, a nd consists a lmost e nti rely of si lt - a nd clay-s ized 
particles. As discussed above, the Belle Fourche sha le in the area is reported to be at 
least 350 to 400 feet thi ck, and is documented in a we ll log to be from 1,200 to 1,300 
feet thick in one we ll located a pproximately 1.5 mi les to the wes t of the expansion 
area. The Quaternary-aged (Ple is tocene) deposit consists of s ilt, sand and gravel 
tha t underlie the center of the easte rnmost pa rt of the expans ion a rea prope rty; it is 
expressed as a fl a t, non-eroded pra irie and is obvious on the land east of the 
expans ion a rea property. 

The predominant so il type a t the proposed COB expa ns ion a re the Lismas Clay (ma p 
unit "Ln"), 15 to 35 pe rcent s lopes (Figure 3.2) . These soi ls are cha racterized as 
s ha llow, well-dra ined, mode rately s teep clay so ils on up land, with a low to 
mode ra tely high capacity to t ra nsmit wa te r. The secondary soil types a re the Pierre­
Lismas clays (map unit "Pl"), moderately s teep clay so ils and well-dra ined so il, with 
a low capacity to transmi t water. A typica l profi le from top to bottom show the 
Lis mas clay so il s consist o f 0 to 2 inches of clay, 2 to 10 inches of clay, a nd 10 to 60 
inches bed rock. A typica l p rofile of the Pie rre- Lismas clays, fro m top to bottom, 
consis ts of 0 to 31 inches of clay and 31 to 60 inches of bedrock. 

The minor so il types a re Maginnis cha nne ry clay loam (Map un it "Mc"), which is 
class ified as we ll d ra ined w ith a low capacity to trans mi t wa te r, and the Da nvers 
s il ty clay loa m (Map uni t "Da ") which is class ified as well dra ined with a high 
capacity to transmit wa te r. A typ ical profil e from top to bottom shows the Maginn is 
cha nne ry clay loam consis ts of 0 to 10 inches of clay loam and 10 to 60 inches of 
bedrock. A typ ica l p rofil e fro m top to bottom of Da nvers si lty clay loam consis ts o f 0 
to 6 inches o f s il ty clay loam, 6 to 13 inches of s ilty clay, a nd 13 to 60 inches of clay 
loam. 
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The subsurface cores collected during the site investigation were submitted for 
laboratory testing to measure the average vertica l hydraulic conductivity, moisture 
content, grain size distribution and critical water contents (shrinkage, plastic limit 
and liquid limit). Laboratory test results indicate that the soils above the Belle 
Fourche sha le generally contain a small percentage of fine gravel with some limited 
areas containing cobble size alluvial and fluvial deposits. The sand fraction ranged 
from 3.99% to 46.6%, and the s ilt and clay fractions ranged from 21.3% to 65.7%. 
The measured hydraulic conductivities provided by the laboratory analysis of the 
soil borings ranged from 2.2lxl0-9 cm/sec to 5.3 l xl0 -9 cm/sec. This range is typical 
for clays and silts. 

The result of the hydrogeological and soils investigation was generally consistent 
with published technical studies of the region. 

3.5.3 ENVIRONMENT AL CONSEQUENCES 

3.5.3.1 No Action Alternative 

Under this alternative, because the site would no t be developed, there would be no 
additiona l impacts to site geology and soils. 

3.5.3.2 Proposed Action 

The site would be excavated to accommodate the proposed landfill disposal units. 
Additionally, general site grading would be necessary to facilitate the storm water 
control features. Excavation of the existing ground to a maximum depth of 25 feet 
below natural grade to establish the landfill footprints for the MSW and Class IV 
would yield 7,718,800 cubic yards of loose so il and rocky subsurface material. 
These materials would be used to (i) provide subgrade fill to establish base 
elevations for the landfill units, and (ii) construct the compacted soil component of 
the landfi ll, final cover, and leachate pond liners. 

The weathered, bentonitic marine shale found beneath the base of all areas within 
the proposed expansion planned for the landfil l excavation provides a good in-situ 
source of cohesive, clay-rich, natural liner material that would be scarified and re­
compacted in place to form a six-inch soil barrier. 

Construction and operation of the faci li ty would result in the disturbance of 293-
acres for the entire life of the facility. The native soil and subgrade materials would 
be stockpi led on site and used to construct vegetated berms, landfill liner 
components, landfill cover, and in on-site road construction. 

All long-term soil stockpiles would be seeded to prevent wind or water erosion and 
airborne dust. The rocky soils and bedrock layers are not good substrate for 
agricultu re. Because these soils are well drained, construction and operation of the 

Proposed City of Billings Class II 
Landfill Expansion 

53 Fi nal Environmental Assessment 



proposed fa cility would not result in an extensive amount of soil erosion or the 
substantial loss of viable topsoil through appropriate placement of berms, ditches, 
and other previously identified storm water BMPs minimizing erosion (see Section 
2.3 .2.1). Additionally, the landfill design consists of the composite liner designed to 
impede the flow of liquids. 
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Figure 3.2: Map of the soil types in the expansion area 
(Source: U.S. Department of Agriculture, Natural Resources Conservation Service (*not to 
scale 
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3.6 VEGETATION 

3.6.1 ANALYSIS AREA AND METHODS 

The analysis area is the site of the proposed COB Class II Expansion Landfill. The 
analysis method for vegetation consisted of published reports from the Montana 
Natural Heritage Program, the U.S. EPA, and Yellowstone County. 

3.6.2 AFFECTED ENVIRONMENT 

The site of the proposed COB Class II Landfill is identified as Big Sagebrush Steppe 
and Great Plains Mixedgrass Prairie. The more common species occupying this area 
include Wyoming big sagebrush, western wheatgrass, thickspike wheatgrass, green 
needlegrass, blue grama, and needle and thread. In grazing areas, the predominant 
species include Kentucky bluegrass, smooth brome, and Japanese brome. Along 
Strea m 1, there are areas identified as Great Plains Ponderosa Pine Woodland and 
Savanna, Great Plains Wooded Draw and Ravine, and Great Plains Riparian. 
Vegetation in these areas include ponderosa pine uphill from drainages, Rocky 
Mountain juniper in valleys and ravines, and both narrowleaf cottonwood and 
Plains cottonwood in the floodpl ains. 

3.6.3 ENVIRONMENTAL CONSEQUENCES 

3.6.3.1 NoAction 

Under this alternative, the si te would not be developed, and there would be no 
impacts to existing vegetation on si te. 

3.6.3.2 Proposed Action 

A search of the Montana Natural Heritage Program website revealed that there are 
no records of plant Species of Concern, Potential Species of Concern, or Special 
Status Species in the proposed footprint of the disturbance and area surrounding 
the proposed COB Class II Landfill expansion si te. During fac ility construction, 
vegetation would be removed from areas of the site for establishing the proposed 
landfill disposal units, roads, buildings, and storm water control fea tures. Some 
soils removed during excavation of each landfill unit may be stockpiled in the area 
of the subsequent unit and would be used as-needed for daily, intermediate, or final 
so il cover. Ground dis tu rbance activi ties could increase the potential for noxious 
weeds on the faci lity. COB would be required to obtain and implement a County­
approved noxious weed plan during all stages of the project. 

The existing vegetation at the location of the proposed expansion is not unique or 
limited, considering the extensive amount of similar land with simila r vegetation 
around the proposed expansion area. Further, a t final closure, the final cap would 
be fully revegetated with native plant species. To ensure vegetative success, the 
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upper six inches of the final cover must be comprised of a top soil capable of 
supporting vegetation. In addition, the seed mix used for revegetation must be 
approved by the Natural Resource Conservation Service (NRCS) to ensure the 
vegetation is adapted to the local climate. 

3. 7 AIR QUALITY 

3.7.1 ANALYSIS AREA AND METHODS 

The area for the air quality analysis is the proposed expansion site adjacent to the 
current COB Landfill. The analysis method considers the information provided by 
the applicant and DEQ's professional experience with other major Class II landfill 
facilities . All facilities are required to comply with applicable air quality rules. 

3.7.2 AFFECTED ENVIRONMENT 

The proposed expansion site is along the south-east border of the active COB 
landfill. The COB owns the property. Power transmission lines cross the property 
and several dirt roads exist across the property. There is limited activity occurring 
on the land. Air quality impacts from use of the dirt roads within the property 
includes fugitive road dust. 

3.7.3 ENVIRONMENTAL CONSEQUENCES 

3. 7.3.1 No Action Alternative 

Under this alternative, because the site would not be developed, there would be no 
additional impacts to existing air quality beyond the current activities on the 
property. 

3. 7.3.2 Proposed Action 

Air Quality impacts associated with landfill activity typically include fugitive dust 
generated from construction, excavation, vehicle traffic, day-to-day operations, and 
closure activity. Landfill gas emissions cause another air quality impact that is 
generated from the biological breakdown of waste. Landfill gas is mainly a mixture 
of methane and carbon dioxide, but can also include nitrogen dioxide, oxygen, 
ammonia, sulfides, hydrogen, and other volatile organic compounds released within 
each cell of a MSW landfill. Landfill gas is generated as soon as waste is deposited in 
the landfill. Gas continues to be generated through the operation of the landfill and 
after the landfill is closed, until all the waste is degraded. Although rare, another 
source of air quality impacts comes from landfill fires. The COB attempts to prevent 
landfill fires through waste inspections and proper landfill waste deposits. 
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Fugitive dust is created from disturbing the ground, moving dirt, and vehicle activity 
during construction and excavation activities. Blowing winds increase fugitive dust 
from these activities and can pick up additional material from stockpiles and the 
daily cover over the waste. If fugitive dust from construction, excavation and 
placement of cover material becomes a problem, dust control measures, such as 
watering the work surfaces before commencing working shall be initiated. 
Watering work surfaces is requi red during construction activities such as road 
construction. During closure of the landfill, more cover material is placed on the 
waste pile which generates fugitive dust from the movement of the material and 
vehicles used to place the cover material. The COB in tends to control dust at the 
working face of the landfill using the following measu res: 

• carefully moving dusty wastes and soi ls, 
• promptly covering li ght, powdery wastes with other wastes, 
• minimizing earthwork activities during windy periods, and 

• app ly vegetative seeding to intermediate cover. 

Dirt roads can generate fugitive dust emissions, particularly during dry and windy 
times. Dirt can be carried onto paved roads from vehicles leaving dirt roads. Once 
this dirt becomes dry on the paved roadway, it may be entrained into the air from 
vehicles driving over it and when strong winds occur. The COB plans to have a high 
capacity paved access road to the scale and public roll-off container site. The 
proposed scale house is to be located in an area that allows ample space for queuing 
of commercial haul trucks and public customers on a paved road. This paved road is 
the main access road into the landfill expansion si te from Hillcrest Road from South 
Billings Boulevard, which would red uce fugitive emissions genera ted from vehicle 
traffic near the access road. There should be less carry-over dirt deposited on the 
Hillcrest Road as a result of paving the main access road. 

In ternal access roads within the landfill parcel will be graveled roads maintained by 
landfill staff. These roads are planned to be accessible year-round for access to all 
operational areas. Other roads will be dirt roads and will be used strictly for soi l 
transportation by large equipment and will also be maintained by landfill staff. 

Fugitive dust can be controlled through the application of water or chemical dust 
su ppressants on roadways, storage piles, and cover materia l. The COB plans to 
grade fine soils from roads during wet periods to reduce fugi tive road dust as well 
as control vehicle speeds and clean dirt from asphalt roads leading to the fro nt 
entrance after wet periods. COB wi ll clean dirt from the asphalt road leading to the 
front entrance after wet periods and will use water or a chemical dust suppressant 
on non-paved road surfaces. Water or a chemical dust suppressant would be applied 
at a rate that would not cause runoff, erosion, or water/waste interaction. The COB 
may halt material handling operations to mitigate fug itive dust emissions if the 
operator is unable to control em issions. All long-term soil stockpi les would be 
seeded to minimize the generation of fugitive dust and water erosion. Vegetation on 
these so il stockpiles should be established within one year of seed ing. Fugitive dust 
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levels are expected to remain similar to those at the curre nt landfill with any 
increase being representative of Bill ing's population growing. 

The impact of fugitive dust is affected by local meteorological conditions. 
Meteorological data is collected by the National Weather Service at the 
Billings/Logan Inte rnational Airport. This meteorological station is about 5 miles 
northwest of the landfill. The data as shown in Figure 1, shows wind in the area 
generally blows from the southwest. The average wind speed is 10.8 mph with gusts 
well above 25 mph at times. Tempe rature a nd precipitation data also collected by 
the National Weather Service a t the ai rport from 2000 through 2017 is shown in 
Tables 1 and 2. This weather data indicates the warmest temperatures occur in the 
summer during July and August. Precipitation rates are a bove 1 inch for the spring 
months of April, May and June and then aga in in the fa ll months of September and 
October. Winter months experience some of the lowest levels of rainfall. The 
average annual rainfall for Billings is 13.5 inches. The warm dry summers are likely 
to be the time when fugitive dust is highest. Windy conditions during dry periods 
can generate the most fugitive dust if control methods are not applied. Application 
of water and chemical dust supp ressant could reduce the fugitive dust emissions by 
up to 50 to 80 percent if correctly a pplied. 
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Figure 1 - Biilings, MT - Wind Rose, 2013 - 2017 
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Table 1- Billings, MT Temperature Data, 2000 - 2017 

Monthly Mean Average Temperature (degrees Fahrenhe it) 
Year Jan Feb Mar Apr May 

2000 27.6 31.3 40.8 47.2 56.3 

2001 30.2 20.6 38.6 46.3 58.9 

2002 27.9 32.8 24.7 40.8 52.2 

2003 31.1 25.2 34.0 49.5 55.2 

2004 23.6 32.3 44.4 49.4 53.4 

2005 22.4 34.4 40.6 46.2 52.7 

2006 37.9 30.0 34.7 49.8 58.1 

2007 25.3 26.1 44.6 44.5 56.5 

2008 24.9 32.3 37.7 43.8 54.8 

2009 29.7 33.7 33.8 45.3 57.3 

2010 25.3 26.3 44.0 46.5 51.7 

2011 25.7 20.2 35.5 42.7 50.0 

2012 30.S 30.1 47.0 50.4 54.9 

2013 28.0 33.2 37.6 41.7 57.4 

2014 30.5 18.7 33.6 46.7 55.7 

2015 29.8 33.4 46.8 47.7 53.8 

2016 29.9 41.0 43.0 49.5 56.0 

2017 19.0 29.9 41.6 47.6 57.3 

2018 26.8 15.8 33.1 M M 

Mean 27.7 28.8 38.7 46.4 55.1 

Max 
37.9 41.0 47.0 50.4 58.9 
2006 2016 2012 2012 2001 

Min 
19.0 15.8 24.7 40.8 50.0 
2017 2018 2002 2002 2011 

Note: M means missing data. 
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64.3 

63.5 

65.4 

63.7 

61.6 

63.3 

68.6 

66.0 

63.6 

61.7 

63.8 

62.4 

68.6 

65.6 

62.3 

70.0 

70.7 

67.0 

M 

65.1 

70.7 
2016 

61.6 
2004 

Jul Aug Sep Oct Nov Dec Annual 

75.7 73.6 59.8 47.4 26.8 20.1 47.6 

74.2 75.2 63.6 47.8 41.2 27.8 49.0 

76.8 66.6 61.4 41.2 39.3 31.5 46.7 

78.4 77.1 60.3 53.5 30.6 31.5 49.2 

72.2 68.9 59.8 48.8 39.4 32.9 48.9 

74.2 69.7 61.8 49.7 39.3 26.3 48.4 

78.0 71.4 59.6 44.4 35.7 31.6 50.0 

79.1 71.9 61.3 50.1 36.5 27.8 49.1 

73.9 72.6 58.5 48.3 42.2 19.2 47.7 

71.2 70.2 66.7 41.2 41.7 16.5 47.4 

71.5 70.5 59.7 53.6 30.3 24.7 47.3 

74.7 73.5 64.5 51.9 35.3 30.8 47.3 

78.3 73.8 64.9 46.1 40.2 27.3 51.0 

74.4 74.9 64.4 44.7 36.0 22.1 48.3 

74.5 70.1 60.6 54.0 30.5 29.9 47.3 

72.S 71.0 65.4 53.5 34.4 29.2 50.6 

73.7 70.5 61.2 50.3 44.1 18.7 50.7 

78.3 71.3 60.2 48.6 35.9 24.4 48.4 

M M M M M M 25.2 

75.1 71.8 61.9 48.6 36.6 26.2 47.4 

79.1 77.1 66.7 54.0 44.l 32.9 
51.0 2007 2003 2009 2014 2016 2004 

71.2 66.6 58.S 41.2 26.8 16.5 25.2 2009 2002 2008 2002 2000 2009 
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Table 2 - Billings, MT Precipitation Data, 2000 - 2017 

Monthly Total Precipitation (inches) 
Year Jan Feb Ma r Apr May Jun Jul Aug Sep Oct Nov Dec Annual 

2000 0.55 1.30 0.78 1.32 1.64 1.30 0.51 0.06 1.85 0.54 0.49 0.34 10.68 

2001 0.30 0.60 0.79 1.51 0.22 4.11 1.05 0.01 1.06 0.76 0.37 0.17 10.95 

2002 0.37 0.23 0.25 2.09 1.09 1.41 0.55 0.67 1.23 1.12 0.04 0.25 9.30 

2003 0.40 0.81 0.83 1.40 1.89 1.79 T 0.03 0.15 1.38 0.30 0.76 9.74 

2004 0.25 0.78 0.11 1.51 0.81 1.95 2.27 0.23 1.19 1.67 0.06 0.25 11.08 

2005 0.25 0.25 0.67 3.31 1.78 2.35 1.77 0.30 0.83 1.97 1.39 0.44 15.31 

2006 0.05 0.11 2.67 1.50 1.14 0.49 0.40 0.42 2.73 2.22 0.86 0.38 12.97 

2007 0.34 0.56 1.37 2.51 3.93 1.12 1.63 0.07 1.73 2.48 0.43 0.28 16.45 

2008 0.35 O.D7 0.42 0.20 4.83 0.31 0.77 1.18 2.44 1.82 0.27 1.23 13.89 

2009 0.43 0.37 1.36 1.83 0.64 1.55 0.61 1.20 0.65 1.45 0.17 0.65 10.91 

2010 1.09 0.39 0.43 1.24 1.92 5.10 1.70 2.78 0.63 0.63 1.89 0.95 18.75 

2011 0.24 0.71 0.68 1.82 9.54 1.46 0.93 1.71 0.12 1.66 0.46 0.21 19.54 

2012 0.61 0.24 0.70 0.64 1.96 0.24 0.39 0.30 T 1.14 0.64 0.27 7.13 

2013 0.59 0.29 0.26 1.02 4.28 0.88 0.67 0.1 9 3.63 2.57 0.34 1.98 16.70 

2014 1.02 2.06 1.32 1.18 2.25 1.75 0.34 1.97 0.57 0.16 0.74 0.67 14.03 

2015 1.09 0.21 0.37 1.57 2.43 1.60 1.66 0.91 0.27 1.80 0.48 0.57 12.96 

2016 0.44 0.09 1.55 1.28 2.04 0.23 0.45 1.67 1.58 3.51 0.38 1.67 14.89 

2017 0.63 0.83 2.22 3.34 1.61 2.31 0.13 0.17 2.74 0.49 1.35 1.81 17.63 

2018 0.60 1.66 0.70 M M M M M M M M M M 

Mean 0.5 1 0.61 0.92 1.63 2.44 1.66 0.88 0.77 1.30 1.52 0.59 0.72 13.50 

Max 
1.09 2.06 2.67 3.34 9.54 5.10 2.27 2.78 3.63 3.51 1.89 1.98 19.54 
2010 2014 2006 2017 2011 2010 2004 2010 2013 2016 2010 2013 2011 

Min 
0.05 0.07 0.11 0.20 0.22 0.23 T 0.01 T 0.16 0.04 0.17 7.13 
2006 2008 2004 2008 2001 2016 2003 2001 2012 2014 2002 2001 2012 

Note: T means trace amount. 
M means miss ing da ta. 

Some la ndfills request a ir quality burn permits which allows for the burning of 
untrea ted wood was te that red uces the volume of mate rial to be landfilled. The 
CO B's application did not mention plans for open burning at the facility. 

The Administrative Rules of Monta na (ARM) require that a ll faci lities comply with 
a pplicable air qua li ty require ments. These include restri ctions on pa rticulate matter 
e miss ions to not exceed a n opacity of 20 percent or more averaged over 6 
consecutive minutes, whether from fugitive dust sources or from combustion 
sources, pe r ARM 17.8.304 a nd ARM 17.8.308. ARM 17.8.308 a lso requires that 
facilities take reasonable precautions to control emissions of a irborne particula te 
matte r from the produ ction, handling, and s torage of a ny material a nd to ap ply 
reasonable precautions to any street, road or parking lot. As described above, COB 
propos es to control fugitive dust at the landfill using applications of wate r a nd/or 
chemical dust suppressant on roadways, a nd cleaning paved roadways. Watering of 
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roads is an effective method for reducing fugitive dust emissions during 
construction and operations. 

Federal Prevention of Significant Deterioration regulations have classified states 
and local areas to let state's plan for local land use. Each classification allows for 
different amounts of development and changes to the ambient air quality. Areas 
designated Class I are the most restrictive and allow for the least amount of change 
to the ambient air. Class II areas can accommodate normal, well-managed industrial 
growth. Areas designated as Class r include our national parks, several of the 
wilderness areas and certain native American Indian reservations. All other areas in 
the region are Class II areas, which includes Billings and the area of the existing 
landfill and proposed expansion. The nearest Class I area to the proposed project 
site is the Northern Cheyenne Indian Reservation in southeastern Montana. The 
reservation is about 75 miles to the east-southeast. As described earlier, winds 
generally blow from the southwest. Air quality impacts are not expected from the 
COB landfill 75 miles away at the Northern Cheyenne Indian Reservation. 

DEQ operates a regulatory monitor on Coburn Road in Billings that monitors sulfur 
dioxide and meteorology. Coburn Road is on the southeast side of Billings. DEQ also 
operates a regulatory monitor east of Billings in Lockwood, MT that monitors PM2.5 
and meteorology. Additional non-regulatory monitoring of volatile organic 
compounds, nitrogen oxides, and ozone occurs at the Lockwood site. Billings and the 
project area meet the current Montana and national ambient air quality standards 
for all regulated pollutants. PM2.5 monitoring in Lockwood has typically shown the 
highest PM2.5 daily averages during the warmer summer months of July, August, 
and September as shown in Table 3. Any time an area experiences warm weather 
with minimal precipitation, emissions of fugitive dust can increase. 

m3 

an Feb Mar ul Au Oct Nov Dec 
5.8 5.0 4.7 5.3 9.1 10.3 6.3 6.0 6.8 

Montana has several areas that are designated as nonattainment areas by EPA, 
which meaning they have experienced air quality impacts above the national 
ambient air quality standards (NAAQS). Although many areas have not exceeded 
the NAAQS in year, they still carry the nonattainment designation. The nearest 
nonattainment area is Laurel, MT. Laurel is 11 miles southeast of the COB landfill 
and is designated 'nonattainment' for the sulfur dioxide NAAQS. Lame Deer, MT is 
the nearest nonattainment area for particulate matter. Lame Deer is 90 miles east­
southeast of Billings. Air quality impacts from the COB landfill would not reach 
these communities given their distance from the landfill. 

The ARM 17.8.743 requires a facility to obtain a Montana air quality permit (MAQP) 
before installing an incinerator (landfill flare) or constructing a facility that has the 
potential to emit 25 tons per year (tpy) of a regulated air pollutant. The COB Landfill 
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currently does not hold an MAQP because it does not operate an incinerator nor 
exceed the emissions threshold limit. The COB will on ly need an MAQP if any 
change to the landfill includes the construction of a landfil l gas fla re (incinera tor) or 
the fac il ity has the potential to emit 25 tpy of a regulated air pollutant. 

The COB has recently request a Title V operating permit. Title V operating permits 
are required for major sources of air pollution and are sta te and federa lly 
enforcea ble. At this time, a dra~ version of Title V operating permit (OP5176-00) is 
out for public comment. DEQ's operating permit program is designed to incorporate 
a ll applicable air quality regulations and is to be renewed every five yea rs so that it 
remains current. The operating permit identifies all ai r quality ru les and 
regulations applicable to a faci li ty. For the COB landfill, the operating permi t 
specifies rules applicable to methane emissions, and fugi tive dust emissions. 

Federal regulations require that new or expanded MSW landfills comply with the 
New Source Performance Standards (NSPS) of 40 Code of Federal Regulations (CFR) 
Part 60 Subpart WWW and Subpart XXX. The proposed expansion would make the 
COB landfill an affected fac ili ty for both 40 CFR Part 60 Subparts WWW and XXX 
because the existing landfi ll design capacity is already equal to or greater than the 
qualifying design thresholds for applicabili ty of 2.5 million cubic meters and 2.5 
million metric tons. NSPS Subparts WWW and XXX requ ire the installation of a gas 
collection and control system (GCCS) if the non-methane organic compound (NMOC) 
emission rate is 50 metric tons per yea r or more and 34 met ric tons per year or 
more. The operating permit will be required to be amended to re flect Subparts 
WWW and XXX apply after commencing construction of the proposed expansion. 

Fires are infrequent events at land fi lls in Montana. If a fire were to occur at the 
proposed expansion, the fire would contribu te to poor air quality near the proposed 
action. Since fires at landfills are infrequent and active measures are used to 
extinguish the fire it would be a short-term impact to air qua lity. 

Landfill fires are typ ica lly attributable to the placement of a hot load in the working 
face. It is important to note that the different landfil l dynamics, characteristics, and 
regulations, and the fires that occu r in them, require different tactics to extinguish 
them. Efforts would vary depending upon the waste characteristics, a surface fire 
versus an underground fire, the depth of the fire if it's an undergrou nd fire, and the 
fire's ignition source. Incident Commanders at landfil l fires must add ress a variety 
of logistical concerns to fac ilitate operations. Surface fires generally burn at 
relatively low temperatures and are characteri zed by the emission of dense white 
smoke and the products of incomplete combustion. To access waste below the 
landfill surface or move bu rning waste away from the land fill, it may be necessary to 
use heavy equipment such as bulldozers. COB already owns this equipment and has 
personnel trained in its use. In addition, depending on the characteris tics of the 
materials burning, water may be a better fire suppressant than foam. If a fire affects 
the structural s tab ility of a landfill, operating heavy equipment on the landfi ll 
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surface would be dangerous. Finally, depending on the landfill's location and 
design, operating heavy equipment on the site could be quite difficult. 

COB uses the Incident Command System to respond to emergencies at the 
landfill. Contingency plans are implemented once personnel have been evacuated as 
necessary and the affected area has been secured. The Operations and Maintenance 
Plan contains the plans and procedures for emergency response involving hot loads 
and fires. 

Fires would be handled in a preventive as well as corrective manner. Operators 
would inspect for hot loads. Hot loads would be isolated and extinguished before 
they are placed in the landfill. If a fire occurs on the active fill, the operators would 
use their equipment to push the burning waste away from the active landfill, if they 
can do so safely. Once the waste is isolated, landfill operators and equipment would 
extinguish the fire. In the event of a larger or more persistent fire, the local fire 
department would be summoned. In the event of a larger fire, the landfill would 
notify the DEQ and the landfill engineering consultant. 

In summary, fugitive dust from the landfill can be minimized through good 
operating practices and use of abatement techniques that include applying water 
and chemical dust suppressants to during construction, excavation and on roads, 
storage piles and the active landfill. Landfill gas emissions will be controlled using a 
GCCS system when NMOC emiss ions from the la ndfill exceed the NSPS Subpart 
WWW or XXX thresholds. Air quality impacts from the la ndfill expansion a re not 
expected to change s ignificantly from those produced by the current landfill 
operations. Therefore, DEQ expects minor air quality impacts to the analys is area 
should the Facility be built. 

3.8 ODORS 

3.8.1 ANALYSIS AREA AND METHODS 

The analysis area for odor impacts is the proposed expansion site adjacent to the 
current COB Landfill. The ana lysis method considers the information provided by 
the app licant and DEQ's experience with other major Class II landfill facilities. All 
facilities are required to comply with applicable air quality rules. 

3.8.2 AFFECTED ENVIRONMENT 

The proposed expansion site is along the south-east border of the active COB 
landfill. The COB owns the property. Odor impacts from the current activity is 
minimal. 
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3.8.3 ENVIRONMENTAL CONSEQUENCES 

3.8.3.1 No Action Alternative 

Under this alternative, because the site would not be developed, the area for the 
expa nsion will have no change to its odor impact. 

3.8.3.2 Proposed Action 

MSW landfills produce gas, primarily hydrogen sulfide and ammonia, from the 
bacterial breakdown of waste material resulting in odors. The amount of gas 
produced depends on the type of waste present in the landfil l, the age of the landfil l, 
oxygen content, the amount of moisture, and temperature. Gas formation increases 
as the temperature and moisture content increase. 

The loca tion of the COB landfill expansion is in a region that receives low levels of 
precipitation, averaging less than 14 inches of moisture per year since 2000. The 
annual mean temperature in the Billings area is 47.4 degrees Fahrenheit and the 
maximum summer-time monthly average measured was 79.1 degrees Fahrenheit. 
The average wind speed in Bi ll ings is 10.8 mph with regu lar gusts greater than 25 
mph. These winds predominantly blow from the southwest. Higher winds would 
create more mixing of the landfill gas and reduce the concentration of odorous 
gases. Odors would be most problematic during calm periods which occurs less than 
7.2 percent of the time as shown on Figure 1 in Section 3.7. 
Odors a t the landfil l would be controlled through daily operating practices. At the 
end of each day, new MSW would be requ ired to be covered with 6 inches of cover 
material unless DEQ approves an alternative daily cover. The strong and consistent 
winds in Bill ings wi ll al leviate odors by dispersion and dilution. Odors from the 
landfil l expansion are not expected to significantly change from current odor levels 
occurring at the operating si te. DEQ expects minor odor impacts to the ana lys is area 
should the Facility be built. 

3.9 INDUSTRIAL, COMMERCIAL, AND AG RI CULTURAL ACTIVITIES 

3.9.1 ANALYSIS AREA AND METHODS 

The analysis area for industrial, commercial, and agricultu ral activities is the site of 
the proposed COB Class II Landfi ll expansion site. The analysis methods fo r these 
activi ties included several si te visits to determi ne current land use. 

3.9.2 AFFECTED ENVIRONMENT 

The property proposed for the COB Class II Landfill expansion si te encompasses 
approximately 350 acres. The parcel is currently used intermittently for livestock 
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grazing, which provides some nominal income to the COB. There are no other 
known commercial or industrial uses of the property. 

3.9.3 ENVIRONMENTAL CONSEQUENCES 

3.9.3.1 No Action Alternative 

Under this alternative, the site would not be developed as a solid waste 
management facility, there would be no impacts to existing land use activities. 

3.9.3.2 Proposed Alternative 

Construction and operation of the proposed COB Class II Landfill expansion facility 
would cause an increase in the industrial activity of the area due to the need for 
contractors and associated materials, machinery, and machinery repairs. Once 
construction activities are complete, industrial activities in the area would be 
s imilar to those currently experienced at the currently licensed and active COB Class 
II Landfill. There were no other commercial activities identified at the site of the 
proposed COB Class II Landfill expansion. The current agricultural activity in the 
area occurs primarily along the Yellowstone River. The proposal would remove 350 
acres of land from livestock grazing activities, there would be an impact to 
agricu ltu ra l activities in footprint of the proposed action. However, upon closure, 
the proposed post-closure use is restricted. Livestock grazing activities could be 
resumed once the facility has been closed and the site has been revegetated. The 
fina l cover of the landfill units will be seeded with an NRCS-approved seed mix 
adapted to the local a rea climate and could provide a better quality and healthier 
stand of grasses due in part to the requirement for the placement of six inches of 
topsoil material. 

3.10 TRAFFIC AND UTILITIES 

3.10.1 ANALYSIS AREA AND METHODS 

The ana lysis area for traffic and utilities includes the site of the proposed COB Class 
II Landfill expansion as well as the intersection of Blue Creek Road and Hillcrest 
Road, and Hillcrest Road as it approaches the entrance to the proposed facility. The 
analys is methods for these activities included a s ite reconnaissance to identify 
potential traffic impacts, issues with existing utilities, and necessary road and utility 
improvements, research conducted by the COB and their engineering consultants, 
and communications between the COB, their engineering consultants, and the 
Montana Department of Transportation (MDT). 

3.10.2 AFFECTED ENVIRONMENT 

The property proposed for the COB Class II Landfill expansion site encompasses an 
approximately 350-acre parcel owned by the applicant. The affected environment 
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for tra ffi c includes the junction of Blue Creek Road and Hillcres t Road as wel l as 
Hillcrest Road itself. South Billings Boulevard converts to Blue Creek Road as it 
crosses the Ye llowstone Ri ve r. This road accommodates vehicles accessing the 
landfill, as well as residentia l and agricultural properties loca ted south of lnterstate-
90. 

3.10.3 ENVIRONMENT AL CONSEQUENCES 

3.10.3.1 No Action Alternative 

Under this a lternative, the site would not be developed as a solid waste 
management fa cili ty, there would be no impacts to existing traffic and utili ties. The 
350-acre parcel is currently used intermittently for livestock grazing. There a re no 
other known commercial or industrial uses of the property. As a result, traffic 
accessing the fac il ity var ies depending upon the maintenance needs and th e need to 
access livestock grazing on site. 

3.10.3.2 Proposed Alternative 

Currently, the land fi ll is accessed via Jellison Road from Blue Creek Road. Presently, 
vehicles travel south on Blue Creek Road, then turn wes t util izing the dedicated 
right turn lane onto Jell ison Road. The existing entrance to the current COB Class II 
Landfil l is approximately 0.7 mile down Jellison Road to the south. Access to the 
expansion would be from Hillcrest Road. Hil lcrest Road is not currently des igned to 
handle the increase in traffic to the expansion area once the landfi ll is constructed 
and is operating. Therefo re, changes in access to the COB Class II Landfill expansion 
area would require modifica tions to existing roads and utilities. During the 
construction phases, there may be a slight increase in tra ffi c on the roads leading to 
the landfil l because of approximately 15 construction workers and the 
mobil ization/ demobilization of equ ipment fo r fac ili ty cons truction activities. The 
mobilization and demobi lization of equ ipment would take approximately fi ve days 
total fo r both activities. 

3.10.3.2.1 Traffic and Road Modifications 
Hillcres t Road is located between the existing COB Class II Landfil l and the proposed 
expansion area. Construction and opera tion of the proposed COB Class II Landfill 
expansion would require changes to the route to the landfi ll. The COB has proposed 
the use of Hillcrest Road to access the expansion area. During development of the 
proposed landfil l expansion application, the COB consid ered three separate road 
improvement a lternatives (Appendix E). These alternatives consisted of: 

1. Reconstructing Hillcrest Road; 
2. Rerouting Hil lcres t Road to the perimeter of the expansion area; and, 
3. Rerouting Hillcres t Road to Collier Road. 
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Field a nd topographical map reconna issance surveys were conducted to determine 
pote ntial alternate routes to accommoda te expans ion of the land fill south across 
Hillcrest Road while s till providing acceptable levels of service. Hillcrest Road is a 
County collector road that serves res ide ntial a nd ranching propert ies to the south of 
Blue Creek Road. An electri ca l subs tation, overhead power, buried te lephone lines, 
gas ma ins, and a commercial pro per ty a re located along Hillcrest Road. Existing 
curve data and the roadway function we re used to determine a design speed of 45 
mph. This des ign speed is used fo r a ll roadway alternatives. For the purpose of the 
expans ion applica tion, the recons truction of Hillcrest Road was presented as the 
CO B's preferred alte rnative that meets the project goa l of ma intaining a cost­
e ffective method of solid waste management and providing safe access to a ll site 
users. 

The Monta na Department of Tra ns portation (MDT) maintains records of average 
annual da ily tra ffi c o n s ta te roadways; data for South Bi llings Boulevard (Blue Creek 
Road) 1.5 miles south of the Yellowstone River Bridge located a pproxima tely one 
mile west-northwest of the pro posed Facili ty's a pproach. Accord ing to the MDT 
data, the a nnua l average daily traffi c (AADT) observed in 2011 along Blue Creek 
Road was 4,85 0 vehicles. 

The CO B's consulti ng e ngineers conducted a peak hour traffic a nalysis a t the 
intersection of Blue Creek Road and Jellison Roa d. Vehicles were counted on 
Wednesday mo rning, October 17, 2012, from 7:30 a m to 9:30 a m. The counting time 
was selected on previous traffic counts and intended to capture the time when the 
intersection saw the highest traffi c impact. The analysis found that the eastbound 
moveme nt ope rates at Level of Service (LOS) B, while the other inte rsection 
moveme nts operate at a LOS A. LOS A means that the delay pe r vehicle is less than 
or equal to 10 seconds and the re is li ttle or no delay to street traffic; LOS B means 
that the delay per vehicle is between 10 a nd 15 seconds and traffic experiences 
short delays. Based on the recent LOS analys is, the COB a nd thei r consulting 
e ngineers dete rmined that routing to the proposed expa nsion area via Hillcrest 
Road would not adversely impact these inte rsections. The level of t raffic on a newly 
reconstructed Hillcrest Road would increase as a resu lt of the expa nsion, but the 
goal of the road reconstruction efforts is to accommodate the increased traffi c. The 
redesign of Hillcres t Road a nd modificat ions to Blue Creek Road would be s ubject to 
review and approval by MDT and Yellowstone Coun ty. Blue Creek Road is an On­
syste m Urban Route. As a result, any work done on the roadway is under the 
jurisdict ion of the Montana Trans portation Commission. COB would obtain all 
necessary permits prior to commencing a ny modifica tions to either road. 

The CO B's pre ferred alte rna tive would ma inta in the existing horizontal alignme nt, 
but would improve the typical sect ion to include two foo t shoulders as well as 
improving the cut/ fill slopes to meet existing Coun ty Road standa rds. 
Approximately 1100 feet of Blue Creek Road would be reconstructed to meet 
minimum MDT requireme nts fo r the intersection sight distance and includes the 

Proposed City of Bill ings Class II 
Landfill Expansion 

69 Fina l Envi ro nmental Assessment 



construction of a n approach landing a long Hillcrest Road tha t would result in a n 
a pproximate ten foot cut adjacent to the subs ta tion. This cut creates the need for a 
re ta ining w all separa ting the lowered Hillcrest Road from the e lectric substa tion to 
minimize impa cts. Utility re loca tion would be required. 

According to the COB's cons ulting engineers, the current ri ght turn lane found at the 
inte rsection of Blue Creek and Je lli son does not appear to be wa rra nted based on 
tra ffi c count data a lone but is likely the re due to accident data. During the CO B's 
fi e ld reconna issance e ffo rts, a crash occurred as a result of a north turning vehicle 
on Je lli son unable to see north on Blue Creek due to the presence of a la rge 
comme rcia l vehicle. Therefore, the CO B's consulting engineers recommended a 
dedicated ri ght turn la ne from Blue Creek Road to Hillcrest Road a nd a signa lized 
inte rsection on Hillcrest Road a t the access point to the expans ion a rea . 

Since modifica tions to Hillcrest Road a re not expected to occur for 20-25 years, a ll 
pla ns for road reconstruction would firs t be approved by MDT a nd Yellowstone 
County as requi red prio r to construction. As a result, any pla n for future 
modifications to Blue Creek Road a nd Hillcrest Road would like ly require a new 
tra ffi c ana lys is based upon conditions at the time of landfill deve lopment. 

3.10.3.2.2 Utility Modifications 
Existing utilities located in the la ndfill expa nsion a rea mus t be relocated a nd would 
affect the ove ra ll cost of the landfill expans ion project. An ove rhead power line 
owned by North Weste rn Energy and an underground gas line owned by Montana­
Da kota Utilities Company w ould need to be rea ligned. These lines would be 
redirected south from Hil lcrest Road to run a long the southern, then easte rn 
boundary of the proposed project area. An underground te lephone line tha t runs 
adjacent to Hillcrest Road may a lso need to be re located. Figures 3.3 and 3.4 
provide the proposed locations of the utility realignments. Construction effor ts 
necessary to reloca te utility lines w ould be conducted prior to shutting the lines o ff 
for reconnection. The relocation of these lines may a ffect surrounding residents fo r 
a s hort time period while the utili ty companies connect the new utility lines whe re 
they a re realigned to the existing lines. 

3.11 VISUALS 

3.11.1 ANALYSIS AREA AND METHODS 

The a nalysis a rea fo r vi sua ls is the s ite of the proposed COB Class II La ndfill 
expans ion a nd Hillcrest Road as it approaches the e ntra nce to the p ro posed fac ili ty. 
The a na lysis methods for these activities included a s ite reconnaissance to ide nti fy 
pote ntia l vis ua l impacts. 
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3.11.2 AFFECTED ENVIRONMENT 

The property proposed for the COB Class II Landfill expansion site encompasses an 
approximately 350-acre parcel owned by the applicant. There are no local 
restrictions that prohibit the location of the facility at the site the applicant selected. 
The affected environment includes the site of the proposed expansion as well as 
Hill crest Road. 

3.11.3 ENVIRONMENTAL CONSEQUENCES 

3.11.3.1 No Action Alternative 

Under this alternative, the si te would not be developed as a solid waste 
management facility, there would be no additional impacts to the visual landscape 

3.11.3.2 Proposed Alternative 

The proposed COB Class II Landfill facility expansion area is located within a 350-
acre parcel owned a nd controlled by the app licant and is located immediately 
southeast of the existing COB Class II Landfill facility. The site location was selected 
by the appl icant. The proposed expansion area site extends from just south of the 
intersection of Hillcrest Road and Monta na State Highway 416 (Blue Creek Road) 
south approximately one-mile to the Section 29 boundary line. The facility would be 
visible from Hillcrest and Stratton Roads, but the visual impacts should be limited to 
passing traffic or cyclists passing the faci lity. The COB plans to begin planting trees 
and shrubs along the northern boundary of the proposed facility that parallels 
Hillcrest Road within the next few years. As these trees and shrubs grow, they could 
serve as a visual barrier to traffic along Hillcrest Road. Presently, the active COB 
Class II Landfill is visible along Hillcrest Road a nd from the Yellowstone River. 
Although landfill features a nd activities may be partially visible through the trees 
and shrubs, the expansion area would be less visible to traffic a long Hillcrest Road 
because the expansion area is shielded by higher topography next to the road. The 
e levation of the landfill would rise very little relative to the surrounding natural 
grade. By filling the coulee, the peak 3,550-foot elevation of ultimate grade at 
closure is only about 150 feet above Hillcrest Road. Most of the operations would 
not be visible as the base and slopes of the coulee fill with waste. Upon closure, the 
final landfill cover would appear as low rou nded hill s that blend into the existing 
natural s urrounding landscape. 

The la ndscape affected by the current proposal is not locally or regiona lly unique 
but is typica l of the overa ll landscape in the area. The proposed expansion area is 
adjacent to the existing COB Class II landfi ll and is currently used for livestock 
grazing that has impacted existing vegetation, especially in those areas that have 
been more heavily grazed. The dominant color of the land is tawny brown, except 
for the few months in la te spring and early s ummer when there is enough moisture 
and plant growth to cover the land in varying shades of green. 

Proposed City of Billings Class 11 
Landfill Expansion 

71 Final Environmenta l Assessment 



Adequate litte r control is required according to approved procedu res in the landfill 
Operation and Maintenance (O&M) Plan. The active COB landfill submitted an 
updated plan for improved litter control that includes special provis ions for windy 
periods. The updated plan was reviewed and approved by DEQ. In accordance with 
the approved plan, the City has purchased and is using additional wind screens to 
capture litter around the active working face (a rea where garbage is deposited). 
They have a lso reduced the size of the working face to minimize the potential for 
windblown litte r. The City has indicated that most of the litte r originates whi le 
garbage is being unloaded by residents and dumped by trucks. Keeping the working 
face contained to a smalle r area would reduce the volume of loose, uncovered 
wastes during working hours. An irrigation system was installed, and trees and 
bushes were planted along the north side of Hillcrest Road between March and May 
2017. This could provide a visua l barrie r but could also help prevent litter from 
migrating towards the south side of Hillcrest Road. 

Construction and operation of the facility would change the immediate area from 
grazing land to a landfill. As areas of the expansion are closed, capped, and 
revegetated, the visua l landscape would change to manmade hills as those 
operations are completed. This change would occur within the licensed boundary 
over the projected life of the facility. Therefo re, the impact of the construction, 
operation, and closure of the proposed expansion area would be similar to how the 
existing facility would look upon closure. 

3.12 NOISE 

3.12.1 ANALYSIS AREA AND METHODS 

The ana lysis area is the s ite of the proposed COB Class II Landfi ll expansion. The 
ana lysis methods included a site reconnaissance and inspections of the currently 
active COB Class II Landfill fac ili ty. 

3.12.2 AFFECTED ENVIRONMENT 

The property proposed for the COB Class II Landfill expansion site e ncompasses an 
approximately 350-acre parcel owned by the applicant. The affected environme nt 
includes the proposed landfill site as well as a djacent properties. 

3.12.3 ENVIRONMENTAL CONSEQUENCES 

3.12.3.1 No Action Alternative 

Under this alternative, because the site would not be developed as a solid waste 
management facility, there would be no additional impacts to noise in the area. 
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3.12.3.2 Proposed Alternative 

Landfill generated noise resulti ng from the equipment operation associated with 
disposal activities would not be expected to increase as a result of the continued 
operation of the landfill in the proposed expansion area. Daily landfilling operations 
in the proposed expansion area would not fully commence until the current COB 
Class II Landfill has reached capacity. Noise levels from activities in the expansion 
area once landfilling activities have moved from the closed area would be similar to 
noise from current activities. There may be an increase in noise generated from 
construction activities. However, that activity would be temporary. Therefore, the 
impact of the construction, operation, and closure of the proposed expansion area 
on noise in the area would be similar to the existing landfill. 

3.13 DEMANDS FOR GOVERNMENT SERVICES 

3.13.1 ANALYSIS AREA AND METHODS 

The analysis area is the site of the proposed COB Class II Landfill expansion. The 
analysis methods included research regarding city infrastructure and state services. 

3.13.2 AFFECTED ENVIRONMENT 

The property proposed for the COB Class II Landfi ll expansion site encompasses an 
approximately 350-acre parcel owned by the applicant. The undeveloped site is not 
yet subject to inspections performed by DEQ's SWS. Current Class II Landfill 
personnel occasionally drive through the parcel to ensure fences and gates are in 
good working order. 

3.13.3 ENVIRONMENTAL CONSEQUENCES 

3.13.3.1 No Action Alternative 

Under this alternative, because the site would not be developed as a solid waste 
management facility, there would be no additional impacts to the demands for 
government services. 

3.13.3.2 Proposed Alternative 

DE Q's SWS would perform inspections of the site both during and after 
construction, a typical routine activity for all proposed and licensed facilities. The 
Yellowstone County Environmental Health Department may also conduct 
inspections of the site during and after construction. 

Ongoing city services and equipment operations and maintenance required for the 
proposed facility would be no different than what is currently required for the 
active COB landfill. 
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During the construction phases, there may be a slight increase in traffic on the roads 
leading to the landfil l. This would result in a minor impact to roadway 
infrastructure and traffic enforcement. Road crews and contractors would be 
responsible for making the necessary modifications to both the state highway and 
Hillcrest Road once the applicant receives a permit from the Montana Department of 
Transportation and Yellowstone County to modify the facility approaches off of 
Montana State Highway 416 and Hillcrest Road. This is not expected to occur for 
20-25 years. However, the additional traffic associated with highway 
reconstruction would be s hort-term relative to the operational life of the facil ity. 

Once the facility is operational, DEQ's SWS would be responsible for performing 
inspections and providing compliance assistance. The County and State road 
department maintenance crews may be required to perform additional road 
maintenance after a ny necessary improvements have been made. 

The Yellowstone County Sanitarian, the Montana Department of Transportation's 
(MDT) Motor Carrier Services Division, a nd DEQ's Solid Waste Section and 
Enforcement Division may be ca lled upon to respond to complaints and s pills on 
County roads and State highways. Spills of any size may be reported to the 
Yellowstone County Sanitarian. Spills that exceed 25 gallons must be reported to 
DEQ's Spi ll Hotline. The clean-up of spills that occur during transportation w ill be 
overseen by the Yellowstone County Sanitarian and/or DEQ's Enforcement Division 
and must be completed in accordance with the state and/or federal r equirements. 
Individual haulers and hauling contractors a re fully responsible fo r expenses and 
proper clean-up related to accidental spill s caused from hauling materials to and 
from the fac ility. 

3.14 CULTURAL UNIQUENESS AND DIVERSITY 

3.14.1 ANALYSIS AREA AND METHODS 

The ana lysis area is the s ite of the proposed COB Class II Landfill expansion. The 
analysis methods included research conducted by the State Historic Preservation 
Office (SHPO). 

3.14.2 AFFECTED ENVIRONMENT 

The property proposed for the COB Class II Landfi ll expansion site encompasses a n 
approximately 350-acre pa rcel owned by the applicant. The undeveloped s ite is 
used currently for interm ittent cattle grazing. 
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3.14.3 ENVIRONMENTAL CONSEQUENCES 

3.14.3.1 No Action Alternative 

Under this alternative, because the site would not be developed as a so lid waste 
management facility, there would be no additional impacts to the cultural 
uniqueness and divers ity within the project area. 

3.14.3.2 Proposed Alternative 

SHPO conducted a cultural resource file search for Section 29, Township 1 South, 
Range 26 East, which indicated there have been no previously recorded sites within 
the area. Based upon previous ground di sturbances in Section 29 associated with 
the currently licensed active COB Class II Landfill, agricultura l activities, and 
residential development in the area, SHPO determined that there is a low likelihood 
that cultural properties would be impacted. 
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Figure 3.3 - Gas Line Realignment Plan 
(Source: Great West Engineering, Billings Landfill Expansion Application, March 2015 (*not to 
scale)) 
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Figure 3.4 - Power Line Realignment Plan 
(Source: Great West Engineering, Billings Landfill Expansion Application, March 2015 (*not to 
scale)) 
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COB consultants conducted a cultura l resource invento ry of the expa nsion a rea to 
ide ntify and provide pre limina ry Nationa l Register of Histo ri c Places e ligibility 
eva lua tions of s ites loca ted w ithin the proposed expansion a rea. The cultura l 
resource inventory ide ntifi ed one site and o ne isolated find . However, neithe r 
demonstrated the potent ia l to be li sted on the Nationa l Register of Histo ric Places. 

3.15 PROPERTYVALUES 

3.15.1 ANALYSIS AREA AND METHODS 

The a na lysis a rea is the si te o f the pro posed COB Class II La ndfill expansion and 
res ide ntia l a nd vacant lots within a two-mile radius of the site. The ana lysis 
method consisted of DEQ's research of peer-reviewed published pa pers on the effect 
of la ndfill s o n res ide ntia l property va lues. In the pas t 30 yea rs, va rious research has 
been done on the e ffects o f la ndfills on p roperty va lues. These studies have yie lded 
inconsis te nt resul ts. Typically, hedonic regression models have been used to try to 
isola te the effects of land fi ll s on pro perty va lues holding all othe r va ri ables cons tant. 
Surveys have a lso been us ed in s tudies. Some studies show statis ti cally s ignificant 
adverse effects of landfills on property va lues a nd some do not. Genera lly, la rger 
effects on pro pe rty va lues a re seen from la rger la nd fi lls, less mode rn landfill s, 
la ndfill s tha t accept haza rdo us waste or pose hea lth risks, a reas w ith negative 
pe rcept ions o f la ndfill s, la ndfills that a re more visible, a nd higher e nd pro perti es. 
However, eve n these e ffects a re not robust across all studies a nd not a ll of these 
effects were studied in every study. 

A study by Bouvie r, RA., e t al. e nti t led "The Effect of Landfills on Ru ra l Residentia l 
Prope rty Values: Some Empiri cal Evide nce." (2000, The Journal of Regional Analysis 
& Po licy) does not provide grounds fo r b road generali za tion about the effect of ru ra l 
la ndfills on property va lues. It finds that in fi ve of the la ndfills s tudied (in ru ral to 
semi-rural a reas), no statis ti cally s ignifi cant evidence of an effect fro m la ndfill s was 
fo und. In the remaining case, evide nce of a n effect was fo und , ind ica ting that ho uses 
in close proximity to this la ndfill suffe red an average loss of a bout s ix percent in 
va lue. This significant case was a landfill tha t was unl ined and uncapped a nd is on 
EPA's "potentia l hea lth ris k" lis t. Bouvier sugges ts that each la ndfill be studied on a 
case-by-case basis. 

A s tudy by Cartee, C. P. entitl ed "A Review of Sanita ry La ndfill Impacts on Property 
Values." (1989, Real Es ta te Appra iser and Analys t) found that whi le it gene ra lly is 
believed tha t la ndfill s nega tively impact p ro pe rty va lues, in some cases, the 
development of a sanitary la ndfill may e nha nce a p ro pe rty's va lue. It find s tha t the 
introduction of new roads, utiliti es, and dra inage may stimulate development and 
lead to increases in land va lues. 
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A study by Nelson, A. C., et a l. (1992, "Price Effects of Landfills on House Values." 
Land Economics 68: 359) indicates that the s tudied landfill adversely affected home 
values in the range of 1 2 percent at the landfill boundary and 6 percent a t about one 
mile. Beyond about 2-2.5 miles adverse effects are negligible. Another study by 
Zeiss, C. and J. Atwater entitl ed "Waste Faci lity Impacts on Residentia l Property 
Values." (1989, Journal of Urba n Pla nning and Development, 115: 64-80) finds no 
s ignificant impacts from la ndfill s. 

A study by Reichert, A. K., et a l. entitl ed "The Impact of Landfill s on Residential 
Property Values." (1992, Journal of Real Estate Research: 297-314) shows negative 
impacts up to 7 percent on property values. This study looks to de te rmine the 
impact of five municipal la ndfill s on residential property value in a major 
metropolitan area (Cleveland, Ohio). The s tudy concludes tha t landfills will likely 
have an adverse impact upon housing values when the landfill is located within 
severa l blocks of an expensive housing area. The negative impact is between 5.5%-
7.3% of market value depe nding on the actual dis tance from the landfill. For less 
expensive, older areas the landfill effect is considerably less pronounced, ranging 
from 3% to 4% of market value, and the effect is essentially non-existent for 
predominantly rural areas. The s tudy mentions that data limitations may make it 
imposs ible to model all possible factors. 

Another s tudy by Nelson A.C. et a l. e ntitled "Price Effects of Landfills on Diffe re nt 
House Value Strata." (1997, Journal of Urban Planning and Development 123: 59-
67) uses a large number of homes near a landfill a.nd find s negative home price 
effects associated with the proximity of a la ndfill. It a lso shows that such effects fall 
dis proportionately on highe r priced homes. 

Finally, a meta-analysis conducted by Ri chard C. Ready entitled "Do Landfills Always 
Depress Nearby Property Values?" (May 2005, Rural Development Paper No. 27), 
concluded that landfills do not always depress nearby property values: 

The impact of Western Berks Landfill on nearby residential property values 
was essentially zero and was estimated with high precision. The meta­
analysis of available la ndfill property value impact studies showed that 20%-
26% of la ndfill s that accept low volumes of waste do not have a negative 
impact on nearby property values. However, essentia lly a ll landfills that 
accept high volumes of waste do have negative impacts on nearby property 
values. 

These meta-analysis results a re consistent with previous w ithin-study 
comparisons of landfills operating at diffe rent scales. Lim and Missios (2003) 
compared two landfills in Toronto, Ontario, a nd found that the landfill that 
accepted a higher volume of was te had a la rger property value impact than 
the landfi ll that accepted a lower volume. Similarly, in this study, the two 
la ndfill s tha t accepted high volumes of waste had statistica lly significant 
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negative impacts on nearby property values, while the landfill that accepted 
less waste did not. 

One would similarly expect that a landfill 's prominence on the landscape 
would help determine whether and how much it impacts nearby property 
values. The resu lts presented here for the three Berks County landfil ls were 
consistent with that conjecture. Anstine (2003) also fou nd that the degree to 
which a fac ili ty impacted nearby property values depended on whether it 
was visible from the surrounding area. Similarly, Hite (1998) found that 
only when buyers were aware of the presence of a landfill were property 
values bid down. Unfortunately, prominence on the landscape could not be 
included as an explanatory va riable in the meta-analysis, because it could 
not be objectively measured for all of the landfills in the meta-analysis. To 
do so wou ld require site visits, and line of sight analyses to take into account 
visual buffering by terrain and trees. This is an important limitation because 
less-prom inent landfills will tend to be smaller in footp rint and accept lower 
volumes. It is difficu lt to disentangle the impacts of prominence and volume 
accepted. Volume of waste accepted, as measured in this analysis, should 
therefore be viewed as a proxy variable that captures both scale of 
operation and prominence on the landscape. 

The meta-analysis presented here suffers from the usual limitation that it is 
confined to publ ished studies. Studi es may have been conducted that fa iled 
to show an impact on property values where the au thors or journal editors 
chose to not publish the results (Wolf, 1986). To the extent that this "file 
drawer" bias exists, the results presented here would tend to overestimate 
the average impact of landfills on property values and underestimate the 
proportion of landfills with no impact. 

With that caveat, the results of the meta-analysis can provide landfi ll permit 
applicants, permitting agencies and local ci tizens with useful information on 
the potential impact that a land fi ll could have on nearby property va lues. In 
particular, they emphas ize that the property va lue impact will vary across 
landfills. Some of this variation can be predicted, depending on the scale of 
operation of the landfill . However, there will remain some uncertainty over 
the magnitude of the impact from a landfill. The meta-analysis presented 
here can be used to generate a distribution of the possible impacts. (Ready, 
pp. 17-18.) 

3.15.2 AFFECTED ENVIRONMENT 

The property proposed fo r the COB Class II Landfill expans ion si te encom passes 
approxi mately 350-acre parcel owned by the applicant. There are residential 
subdivisions located within a two-mi le radius the current faci lity and proposed 
expa nsion area. 
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3.15.3 ENVIRONMENTAL CONSEQUENCES 

3.15.3.1 No Action Alternative 

Under this alternative, because the site would not be developed as a solid waste 
management facility, there would be no impacts. 

3.15.3.2 Proposed Alternative 

DEQ regulates over 145 solid waste management systems statewide. Many of the 
large Class II landfi lls are located near residential subdivisions and neighborhoods 
with more than 20 residences. The current COB Class II Landfill is nearing capacity 
of its existing licensed disposal area. COB submitted an application to construct and 
operate new landfill cells in an area adjacent to the existing footprint. This is not an 
endeavor to expand volume of waste received, but rather to simply create new air 
space to dispose of waste in the future. The proposed expansion area would receive 
approximately 800 tons per day, similar to what COB receives at the current landfill. 
While there are many homes within two miles of the proposed expansion area, there 
are no existing homes directly adjacent to the new landfill footprint. The new 
expansion would not generally be visible from homes as it would be sited at a higher 
elevation than surrounding neighborhoods and would include visual and wind 
blocks as well. The homes within two miles of the landfill are of mixed value (from 
high end to medium value to manufactured homes) and not particularly dense in 
their spacing. Whi le not directly in Billings, the area is in the rura l-urban interface 
and less than two miles from town. 

In the Google Earth image below, we are looking north towards the city of Billings. 
The landfill expansion would be in the foreground. The affected homes are mostly 
on the northern side of the landfil l in the upper half of the image. 
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The existing landfill in Billings has been accepting the same amounts of garbage for 
many years, having an effect a ll of tha t time on existing homes within two to three 
miles of that facility. Additional adverse effects from a si milar landfill next to the 
existing one are hard to quantify and are likely less than they would be fo r a new 
landfill in an existing area. Also, this is a municipal solid waste landfill and not a 
hazardous waste faci lity, potentially lowering any effect on houses. Thus, it is hard 
to say what the impacts would be on homes. Clearly, mitigating factors such as 
distance from homes, visual breaks, location away from the denser Bi llings city limit 
and an existing landfi ll already incorporated into existing home price would lower 
any effect that occurs. Likewise, evidence of the lowering of a single home's va lue, in 
the absence of the type of study addressed herein, would not provide adequate 
proof of the effect of the COB landfill expansion on home va lues in the area 
surrounding the site. 
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3.16 SOCIOECONOMIC 

3.16.1 ANALYSIS AREA AND METHODS 

The analysis area for the proposed landfill is located south of the current COB Class 
II landfill across Hillcres t Road, directly south of the intersection of Hillcrest Road 
and Highway 416 (Blue Creek Road) in Yellowstone County, Montana. Data were 
collected from the CO B's application, landfi ll staff, and engineering consultant. 

3.16.2 AFFECTED ENVIRONMENT 
The COB landfill ma nages wastes genera ted by reside nts in the City of Billings, 
Yellowstone County, Stillwater County, and Worla nd, Wyoming. The exis ting 
operations a t the COB landfill provide employment for 15 people in Yellowstone 
County. 

3.16.3 ENVIRONMENTAL CONSEQUENCES 

3.16.3.1 No Action Alternative 

Under thi s alternative, because the s ite would not be developed as a solid waste 
management facility, exis ting landfill staff a nd contractors could be forced to find 
similar employment elsewhere once the existing landfill is closed; this could likely 
resu lt in the relocation of landfi ll staff to other communities for employment. 

In addition, current la ndfill users would be forced to obtain waste disposal services 
elsewhere. The nearest licensed Class II landfill is located in Hardin, approximately 
54 miles east of Billings. Tra nsportation of solid wastes currently managed a t the 
COB landfi ll would result in a n increase in costs to site users, not only for 
transportation fees, but a lso landfill tipping fees s ince the City of Hardin landfill 
would need to add a dditional landfi ll s taff to manage the increased incoming was te 
volumes. The remaining capacity of the Ha rdin landfi ll is a pproximate ly 336,000 
tons. If the Ha rdin facility were to have to handle the additional waste coming from 
the COB la ndfill, the City of Hardin landfill could reach capacity in as little as one 
year. The City of Ha rdin could submit a n application to expand the ir landfill for this 
increased volume of waste. Transportation would also result in an increase in 
veh icle emissions from users transporting their wastes to the Hardin landfill. 

3.16.3.2 Proposed Alternative 

During the construction phases of the landfill expans ion, especially during the initial 
s tartup of the expansion a rea operations, there would be a minor increase in local 
employment due to the additional need for contractors, s ite operators, and 
associated support. La ndfill construction activities would employ approximately 15 
a dditiona l people as construction workers for about six months. However, because 
th is would occur only during the construction of landfill features, the impact of 
these activities on employment are of short duration compared to the life of the 
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landfill. Operations would move from the cu rrent landfill to the expansion area once 
the site features have been constructed; existing landfill staff wou ld move at the 
same time. The long-term employment requi rements will be similar to existing 
employment at the current COB Class II landfill. 

3.17 CUMULATIVE EFFECTS 

Cumulative impacts are the co llective impacts on the human environment when 
considered in conjunction with other past, present, and future actions by location 
and generic type. Cumulative impact analysis under MEPA requi res an agency to 
consider all past and present state and non-state action. Related future actions must 
also be considered when these actions are under concurrent consideration by any 
state agency through pre-impact s tatement studi es, separate impact sta tement 
evaluation, or license process procedures. Cumulative impact ana lyses help to 
determine whether an action would result in significant impacts when added to 
other activities. 

According to MDT, Blue Creek Road is an On-system Urban Route. As a result, any 
work done on the roadway is under the jurisdiction of the Montana Transportation 
Commission. There is a high likelihood that there could be pavement preservation 
projects along the roadway, including a chip sea l or a mill and overlay. There could 
also be maintenance work on the bridge deck for the bridge over the Yellowstone 
Ri ver. One project, scheduled for 2026, is the addi tion of a righ t-turn lane at the 
intersection of Blue Creek Road and Hillcrest Road. However, the timing of the 
project could change if issues arise with right-of-way or fund ing. 

The City of Billings-Yellowstone Coun ty Planning Department indicated that a new 
commercial development is proposed for property on the east s ide of Blue Creek 
Road, just northeast of the in tersection of Jellison Road and Blue Creek Road. 
However, this project has not moved fo rward for full development review. 
Therefore, no additional deta il s are available. However, once completed, this may 
increase traffi c on Blue Creek Road. 

By the time constru ction activities commence in the proposed expansion area, the 
existing COB landfill would be in the final stages of landfi ll ing and preparing for fi nal 
facility closure construction. The proposed COB Class II Landfi ll expansion area is 
adjacent to the existing COB Class II Landfill. Historic land uses of the area south of 
the Billings area include both commercial and non-commercial activities. 
Commercial uses include livestock grazing, hay, and wheat production, several types 
of businesses fro m trucking to energy recovery. Non-commercial uses include 
wildlife habi tat, watershed, and residential s ites. Landfilling activities would simply 
move from the currently licensed COB Class JI Land fill to the proposed expansion 
area once the current landfill reaches capacity. As population grows, there may be 
an increase in demands on the landfill from the expanding population. However, the 
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proposed expansion is designed to accommodate the additional anticipated 
demands. 

3.18 UNAVOIDABLE ADVERSE EFFECTS 

Residual impacts from the Proposed Action would include the loss of developed soil 
and vegetation from approximately 293 acres of the 350-acre si te for use on roads, 
cover so ils, and for the construction of berms and other landfill features. However, 
topsoil would be placed as part of the cap construction during final closure of the 
facility. The topsoil would be reseeded with native vegetation. Some sediment 
control structures would remain and the capped landfill units would appear as man­
made features across the landscape. Post-closure land use would be restricted to 
animal grazing. No structures that require the placement of footings or foundations 
are allowed over the closed landfill units. Any disturba nce of the closed landfill final 
cover for construction of any structure would have to be approved in advance by 
DEQ. 

Plant communities dominated by native plants would be replaced by reclaimed 
plant communities on the property. Noxious weeds would increase from the soil 
disturbance, but weeds would be treated to ensure revegetation by native local 
grasses occurs as required by the county weed control program. The disturbed 
areas would be reclaimed, reseeded, revegetated, and a program implemented to 
inventory and treat noxious weeds would be implemented. 

4 CONCLUSIONS AND FINDINGS 

4.1 A listing and appropriate evaluation of mitigation, stipulations and 
other controls enforceable by the agency or another government 
agency: 

The proposed licensure of the COB Class II Landfill expansion facility will meet the 
requirements of the Montana Solid Waste Management Act and administrative rules 
regulating solid waste disposa l. Adherence to the Solid Waste, Water Quality, and 
Air Quality regulations and the approved facility Operation and Maintenance Plan 
will mi tigate the potential for harmful releases and impacts to human health and the 
environment by the proposed faci lity. 

4.2 Findings: 

An EIS is not required under the Montana Environmental Policy Act because the 
project lacks significant adverse effects to the human and physical environment 
based on the following criteria in ARM 17.4.608(1)(a) through (g): 
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(a) the severity, duration, geographic extent, and frequency of occurrence of the 
impact; 
(b) the probability that the impact will occur if the proposed action occurs; or 
conversely, reasonable assurance in keeping with the potential severity of an impact 
that the impact will not occur; 
(c) growth-inducing or growth-inhibiting aspects of the impact, including the 
relationship or contribution of the impact to cumulative impacts; 
(d) the quanti ty and quality of each environmental resource or value that would be 
affected, including the uniqueness and fragility of those resources or values; 
(e) the importance to the state and to society of each environmental resource or 
va lue that would be affected; 
(f) any precedent that would be set as a resu lt of an impact of the proposed action 
that would commit the department to future actions with significant impacts or a 
decis ion in principle about such future actions; and 
(g) potential conflict with local, state, or federal laws, requi rements, or fo rmal plans. 

The project a rea is loca ted south of the currently licensed and opera ting City of 
Billings Class I I Landfi ll Facility (Facility). The Facility would consist of two separate 
Class II landfills and two separate Class IV landfill s that will be developed in seven 
phases over the life of the facility. 

The proposed expansion area encompasses 350 acres of city-owned property and 
would be accessed from Hillcrest Road. Of the 350 acres proposed for the 
expansion, the project wi ll result in a disturbance total of 293 acres for landfill 
disposal units, storm wate r and leachate retention ponds, roads, and buildings 
during the entire life cycle of the faci lity. The landfill disposal units would disturb a 
total of 232 acres and the remaining 61 acres for the construction of the ponds, 
roads, bui ldings and ditches. The landfi ll disposal units will be partially closed when 
it reaches fina l grade and the maxi mum open area at any one point in time will be 
119 acres. The total on-site waste tonnage at closure is esti mated to be 13,392,580 
tons. Based upon the municipal solid waste density, the was te acceptance rate, and 
the projected growth rate in the Billings a rea, the proposed COB expans ion will 
extend the life of the COB Class II Landfill by approximate ly 48 yea rs. When each 
disposal unit has reached ca pacity, the daily or intermediate covered waste will 
provide the base for the final cover system. This surface wi ll be prepared smooth 
and firm. A 48-inch thick monolithic, evapotranspiration layer wi ll be constructed 
in one or two continuous lifts compacted to a maximum of 85% standard proctor. 
The top layer will consist of s ix inches of loose topsoil and will be fertilized and 
seeded with select native vegetation adapted to the area cl imate. Thus, the 
disturbed a rea will be returned to native vegetation after the 48-plus year life of the 
expansion a rea. 

The applicant proposed an alternative liner design for the Class II disposal units 
consists of a 60-mil fl exible membrane line r made of high-density polyethylene 
(HOPE). The HOPE overlies an in-place, re-compacted native subgrade material. 

Proposed City of Billings Class II 
Landfill Expansion 

86 Final Environmental Assessment 



This des ign matches the syntheti c membrane standard and lower soil component. 
An alternative liner demonstration was previously approved by DEQ for complia nce 
with the composite liner design requirements and the contaminant migra tion 
s ta nda rds for the currently active, li censed Class II landfill. Incorporation of this 
previous de monstra t ion report into the proposed expans ion applica tion documents 
is justified because (i) a ll s ite investigations confirm that the geologic conditions 
beneath the expans ion area correspond with the reported data, and (ii) the 
proposed liner is identical to the liner in the demonstration. 

HDPE is a very low permeability, fl exible, synthe tic membrane (geomembrane) that 
is widely used to contain o r control liquid and gas migration in an e ngineered 
project, s tructure, or system. Also, HDPE pipe commonly conveys water or 
wastewater for ma ny municipa l systems. HDPE geomembrane line rs are highly 
impermeable barrie rs which preve nt the contamination of soil and groundwater 
from chemicals in liquids that may be derived from the solid w aste. The lower, 
compacted, in-place native component of the proposed composite liner will function 
as a secondary line r to e nhance the prima ry upper geomembrane providing further 
protection by reta rding seepage and landfill gas diffusion as noted. 

A geosynthetic liner is not required for the Class IV units. The Class IV units will be 
excavated to base grade in shallow bedrock and will provide for the di sposal of 
4,220,000 cubic yards of Group IV waste. 

A leachate collection a nd removal system a nd leachate ponds will be installed for 
the east and west Class II landfill units. All leacha te will be co llected over the lined 
base of each Class II landfill unit within the granular leachate collection layer. All 
leachate will be directed to the leachate ponds via gravity fl ow through a n external 
buried, double-w alled HDPE leachate conveyance pipe. These double-walled HDPE 
leachate conveyance pipes will transport leacha te by gravity a long both sides of the 
central road and discha rge into the east a nd west leachate ponds via dissipation 
ma nholes. Leachate will be managed la rgely by evaporation from the leachate pond, 
but may be applied over the lined active waste disposal areas (areas that are not 
under final or intermediate cover) for dust control, if needed. This ma nageme nt 
allows the pond to be emptied fas ter to assure that there is suffi cient capacity 
ava ilable at a ll times. 

The expans ion area is located in the Big Sagebrush Steppe and Great Plains 
Mixedgrass Prairie ecosystem. The exis ting vegetation at thi s site is not unique or 
limited, consisting of Wyoming big sagebrush, w estern wheatgrass, thickspike 
wheatgrass, green needlegrass, blue grama, a nd needle and thread. In grazing areas, 
the predominant s pecies include Kentucky bluegrass, smooth brome, and Japa nese 
brome. Along Stream 1, the re are areas identified as Great Pla ins Ponderosa Pine 
Woodla nd and Savanna, Great Pla ins Wooded Draw and Ravine, and Great Pla ins 
Riparian. Vegetation in these a reas include ponderosa pine uphill from drainages, 
Rocky Mountain juniper in valleys and ravines, a nd both na rrowleaf cottonwood 
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and Pla ins cottonwood in the floodpl a ins. The re a re no records of plan t Species of 
Concern, Potentia l Species of Conce rn, or Specia l Status Species in the area 
surrounding the proposed COB Class II Landfill expa nsion site. During fac ili ty 
cons truction, vege ta tion would be re moved from areas of the si te fo r establi shing 
the proposed landfill di sposal units, roads, buildings, and sto rm wa ter control 
fea tures. Som e soils removed during excava tion o f each landfill un it may be 
stockpiled in the area of the subsequent unit and would be used as -needed fo r dai ly, 
intermediate, or fina l so il cove r. Ground disturbance act ivities could increase the 
potentia l for noxious weeds on the facility, but COB wo uld be required to obtai n a nd 
imple me nt a County-approved noxious w eed pla n du ri ng a ll s tages of the project. 

There a re no threatened or e ndangered te rrestria l or avian s pecies, nor Spec ies of 
Concern or Specia l Status species. While the removal of a reas of wi ldli fe habitat as a 
result o f const r uction a nd opera tion of the fa cility may a lter the movement of loca l 
w ildlife, popula tions of trans ient wildlife that may inhabit portions of the proposed 
expans ion area s ite w ill move to o ther areas of s imila r habi ta t. Not a ll dis posa l 
a reas w ithin the proposed expans ion area will be open at a ny one ti me; a maximum 
of 119 acres of landfill units would be o pen at a ny one time. This would leave 
undis turbed a reas ava ilable for grazing a nd bedding. Once the cur ren t COB la ndfil l 
reaches capacity, the disposa l units would be closed, ca pped, and revegetated. 
Exis ting wildlife w ould likely migra te away from di sturbances in the proposed 
expans ion a rea a nd move into the closed landfill where in te ractions w ith humans, 
vehicles, and heavy equipment would be mi n imal. Therefore, the impacts from 
landfill cons truction and ope ra tion on wildlife ha bitat w ill be minor due to the 
abunda nce of surrounding s imilar habita ts in the vicinity to accom modate any 
te rrestri al or avian species that may be forced to reloca te. 

Co ns truction of landfill units and associa ted features of the proposed expa ns ion 
a rea w ill impact the existing we tla nds identifi ed on site. As a result, the 
construction o f mitigated we tlands is required a nd mus t occur prior to construct ion. 
The w etlands and bodies of wa te r tha t would be a ffected by the expansion have 
direct contact to Blue Creek, w hich flows into the Ye llow stone River. The United 
Sta tes Army Corps o f Engineers (USACE) has elected the Yellowstone Ri ver as 
Traditiona l Navigable Water, o r TNW. Thus, a ll impacted wetl ands and bod ies of 
water a re subject to jurisdictio n under Section 404 of th e Clean Water Act. COB 
must a lso obta in a 401 certifi cation fro m DEQ's Wate r Quality Bureau p rior to any 
cons truction activity. The USACE is accountable fo r Section 404 determi nations. 
The COB mus t obtain a 404 pe rmit from the USACE prior to a ny wetland 
d isturbance. 

A storm wate r control system will be constructed to accommodate r unoff from a 25-
year, 24-hour storm event a t the s ite. Sto rm wa te r sediment re tention ponds wi ll 
conta in any expected sto rm wa te r runoff gene ra ted by intense rai nfall or s torm 
melt, a llowing sediments to settle out. If a di scha rge fro m the storm wa te r rete ntion 
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ponds is necessary, the wate r di scha rged would not conta in the sediment load that 
is curre ntly found in uncontrolled runo ff events at the undeve loped s ite. 

Under ARM 17.50.1 204 (1), an owner may only construct a Class II landfill after 
ga ining DEQ a pprova l that the des ign either a) ensures that speci fi ed concentration 
values w ill not be exceeded a t the relevant poi nt of compliance; or b) uses a 
composite liner and a leachate co llect ion a nd removal system that is designed and 
constructed to maintain less than a 30-cm depth of leachate over the liner. The 
ove ra ll conclusion from the site hydrogeologic investigation is tha t the pro perty and 
surrounding upla nd areas do not present an identifiable connecting groundwater 
system tha t would a llow for the placement of e ither background wells or 
downgradien t wells. These conditions also exist to the immediate south and west of 
the expansion a rea a nd are appa rent by the fact that homes built in this area do not 
have wells but have cisterns and potable water is hauled in due to the lack of 
ava ilable groundwater. COB successfully demonstrated the re is no potential for the 
migra tion of contaminants to groundwater. In addition, COB wi ll install high dens ity 
polyethy lene liners beneath the Class II dis posal units. High dens ity polyethylene 
liners a re highly impermeable a nd is the same mate rial used to contain or control 
liquid and gas migration in an engineered project, structure or syste m. Moreover, 
the Facility will construct the lower component w ith six inches of re-compacted 
native clay soil. Thus, w hile grou ndwater is a valuable environmental resource, 
the re is reasona ble assurance that any groundwater beneath the Facili ty will not be 
impacted. 

DEQ has not identified a ny growth-ind ucing or growth-inhib it ing aspects of the 
Faci lity. DE Q's a pproval of the Facility does not set any precedent and would not 
commit the DEQ to a ny futu re act ion w ith s ignificant impacts, nor is it a decision in 
principle about any future actions that DEQ may act on. Finally, construction and 
ope ration of the Facility does not conflict w ith a ny local, s tate, or federal laws, 
require me nts, or fo rmal plans. 

Based on consideration of all of the criteria set fo rt h in Arm 17.4.608, DEQ has 
determined construction and opera tion of the Facility will not signi ficantly affect the 
human enviro nment. Therefore, an e nviro nmental assessment is the ap propriate 
level of environmenta l review and pre paration of an environmenta l impact 
s ta tement is not required. 

4.3 Other groups or agencies contacted or contributing to this EA: 

Montana Na tura l He ritage Program 
State of Montana Historic Preservation Office 
Grea t West Engineering 
HRD Engineering, Inc. 
Ethnoscience, Inc. 
Tetra Tech 
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U.S. Geologica l Survey 
Montana Bureau of Mines and Geology 
U.S. Department of Agriculture - Natural Resource Conservation Service 
Montana Department of Transportat ion 
Ci ty of Bi llings-Yellowstone County Planning Department 

4.4 Authors: 

Final EA prepared by: 
Mary Louise Hendr ickson, Tim Stepp, j ohn Collins, and Fred Coll ins 
Montana DEQ, Solid Waste Section 

Date: December 17, 2018 
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Section 1.0 Description of Project 

1.1 Introduction 
The team of Great West Engineering and HOR Engineering has been hired by the City of Billings (City) to 

prepare a Solid Waste Alternatives Analysis. The scope of the project includes an evaluation of the 

existing facilities and master planning activities, which also includes examining the feasibility of 

expanding the landfill to City property adjacent the existing landfill. The City will be required to comply 

with Montana Department of Environmental Quality (DEQ) Rules if a landfill expansion is proposed. The 

Solid Woste Alternatives Analysis Report (City o f Billings 2013), the Master Plan Design Report (Great 

West 2013c) and other supporting documentation were used to develop this technical memorandum. 

The purpose of this technical memorandum is to provide environmental documentation that is 

anticipated to be used by the DEQ for preparation of an environmental assessment in accordance with 

the Montana Administrative Rule ARM 17.4.601 and the DEQ's Procedural Rules for implementing 

Montana Environmental Policy Act (MEPA). 

1.2 Background 
The existing DEQ solid waste permit was issued to the City in 1978 and included 421 acres of City 

property. The City has since acquired addi tional property and now owns approximately 842 acres. The 

additional property includes the 350-acre proposed landfill expansion study area. The limits of the 

current landfill licensed area and the proposed landfill expansion study area are shown on Figure 1.1. 

Of the total existing landfill property, 226 acres are currently permitted for disposal of Class II waste and 

28 acres for the disposal of Class IV waste . The existing landfill is accessed by South Billings Boulevard, 

Jellison Road and a paved on-site access road . The terrain slopes primarily to the north, with the 

Yellowstone River located approximately 2,000 feet north of the existing landfill. Figure 1.2 details the 

existing site plan for the Billings Landfill. The 842 acres is located in Sections 29 and 30 of Township 1 

South, Range 26 East. 

Current estimates calculate the remaining life of the 421-acre existing licensed landfill area to be 

between 39 to 62 years depending on waste volumes accepted for disposal (Great West 2013a). In 

anticipation of reaching the existing landfill 's capacity, the City is initiating the steps necessary to license 

and expand the landfill to the adjacent 350 acres of City property. 
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Figure 1.2. Existing Site Plan 
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1. 3 Proj l' ct Site l.1H·ati o 11 

The City of Billings, Montana, proposes to expand their landfi ll operations into the southeast half of 

Section 29 of Township 1 South, Range 26 East. The project is located in Ye llowstone County, Montana, 

just south of the City of Billings. In particular, the study area is located in Section 29, Township 1 South, 

Range 26 East, Montana Principal M eridian, and is centered at latitude 45° 43' 08" North and longitude 

108° 32' 06" West. The proposed landfill expansion study area is located on approximately 350 acres of 

City-owned land immediately southeast of the existing Billings Landfill . The project site extends from 

just south of the intersection of Hillcrest Road and Montana State Highway 416 (Blue Creek Road) south 

approximately 1 mile to the Section 29 boundary line. Figure 1.3 details ownership of other parcels near 

the study area including the 350 acres of unlicensed property owned by the City. 
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Figure 1.3. Site Plan and Land Ownership 
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l.·I 

A technical eva luation of landfi ll expansion alternatives was conducted and results are found in the Solid 

Waste Alternatives Analysis Final Report (City of Bi llings 2013). Of the four alternatives presented in the 

analysis, Alterna tives 1, 2, and 4 were ca rried forward for more detailed analysis. Al ternative 3 was 

sc reened out and removed from further consideration, as described in Section 2.0. Initially, Alternative 

1 was selected as the preferred alternative; however, following initial geotechnical investigations, it was 

later determined that construction of the large perimeter storm water ditches needed to control storm 

water run-on' under Alternatives 1 and 2 were economically infeasible. Alternative 4 was subsequently 

developed and chosen by the City as the preferred alternative. All alternatives are described in greater 

detail below. 

ll l'<.n 1pl i o1111f th f' Pro po<.t•d .\r twn ( .\ lt L· 1·11c1t i \ e 4) 

Alternative 4 develops the landfi ll into two separate units on either side of the primary drainage (Stream 

1, Figure 1.1) which runs sou th to north through the property. By deve loping two separate units, the 

Proposed Action elimina tes the need for a large perimeter run-on control ditch (as requ ired under 

Alterna tives 1 and 2, described below) . The planned excavations for Alternative 4 cells will be 

significantly sha llower than those origina lly anticipated for Alternatives 1 and 2. In order for this 

alternative to provide adequate cove r soil, it will be essential for the City to dramatically reduce its daily 

cover soil usage. See Figure 1.4 for the Alternative 4 Site Plan. 

Alternative 4 includes utili zing Hillcrest Road as access to the site, but includes improvements to widen 

the roadway and bring it up to County Road standards. Other roadway improvements under Alternative 

4 include: reduction of steep grades on Hillcrest Road; improving sight distances at the Blue Creek 

Road/H ill crest Road intersection to meet MDT requirements; and an addition of a dedicated right turn 

lane from Blue Creek Road to Hillcrest Road . Refer to the Transportation sect ion for a more detailed 

description of roadway improvements under the Proposed Act ion. 

1 
Storm water run-on is water that flows from adjacent properties onto the proposed landfill expansion study area . 
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Figure 1.4. Alternative 4 Site Plan 
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I. :> lk nc lll ' o f lit e l' ropo <;Nl :-\c t io n 
The City ultimately selected Alternative 4 as the preferred alternative after detailed ana lysis of site 

conditions, capital costs, and capac ity limits. Alternat ive 4 took the place of Al ternative 1 as the 

preferred alternat ive following results of geotechnical investiga tions that showed an unanticipated 

presence of hard rock at relatively shallow depths. The primary differentiation between Al te rna tive 4 

and Alternatives 1 and 2 is constructability. Alternatives 1 and 2 were deemed economically infeasible 

due to the underlayment of the recently discovered hard rock that would dramatically increase 

excava tion costs. 

Alternative 4 has the highest unit capita l costs at $6.65 per ton. This is due primarily to the reduced 

overall capacity of this alternative . This alternative has the highest capital cost per ton but the lowest 

overall capita l cost (refer to the Master Plan Design Report [Great West 2013c]) . 

Alternative 4 retains the use of Hillcrest Road and plans for certain improvements to the road. The 

project team determined that remova l of Hillcrest Road, as iden tified in Alternative 2, would be viewed 

negatively by the public. Removing Hillcrest Road under Alternative 2 would result in higher road costs 

with a potential need to acquire additional land for the other road alternatives. Therefore, it is likely 

that Alternative 4 would be viewed favorably by the surround ing property owners and general public 

due to the planned improvements to Hillcrest Road. 

Alterna tive 4 has some minor regu latory advantages over Alternative 2. Alternative 4 could be licensed 

as either a brand new license or as a license expansion. Alternative 2 would need to be licensed as an 

expansion because of the eventual overlap of fi ll onto the existing li censed area. If Alternative 4 was 

licensed under a new license, the City wou ld be able to start the 30-year post-closure ca re period on the 

existing land fill once the fina l closure work was complete. The primary financial advantage is that the 

City could stop the groundwater monitoring at the existing landfill once the post closure period is 

completed. However, there are some advantages to licensing the new area as an expansion of the 

license rather than a new land fill license. Licensing Alternative 4 as an expansion will likely be 

preferable from a public relations perspective and will also aid the process wi th DEQ because licensing 

as an expansion clea rly indicates the connection to an existing landfill. 
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Section 2.0 Alternatives Considered 

The alternatives analysis included 4 potential expansion alternatives, identified as Alternatives 1, 2, 3 

and 4 (City of Billings 2013). The alternatives evaluation was based on the following considerations: soil 

balance, capacity, lifespan, and capital costs/costs per ton. Alternative 4 (the City-selected preferred 

alternative) is described above in Section 1.4. The other alternatives developed for evaluation are 

described in greater detail below. 

2.1 Altcrnati\'C l 
Alternative 1 is designed to stand alone from the existing landfill (Figure 2.1). The footprint is situated in 

a manner that maximizes space while allowing for setback from the property lines, and to direct the 

storm water run-on around the landfill to the northwest via a drainage ditch. This option would most 

likely utilize Hillcrest Road as access to the site, which would require improvements to reduce the steep 

grades to a more optimum grade for the haul trucks to maintain speed, and to meet the requ ired sight 

distances for the speed limit of the road . This alternative may also use the option to reroute Hillcrest 

Road around the expansion area. Each alternative will be required to reroute a large overhead power 

transmission line. Due to the presence of large quantities of hard rock excavat ion, construction of the 

large perimeter storm water ditch was determined economically infeasible and impracticable. 

2.2 Alternative 2 
Alternative 2 is designed to overlap onto the existing landfill and remove Hillcrest Road (Figure 2.2) . This 

alternative capitalizes on the airspace gained with overlap of the existing fill, which will allow more 

capacity in the early life of this alternative. The footprint is also situated in a manner that maximizes 

space while allowing for setback from the property lines, and to direct the storm water run-on around 

the landfill to the southeast via a large drainage ditch. This alternative would require the reroute of 

Hillcrest Road as access to the site around the expansion area either by utilizing and improving Collier 

Road or providing a new access off of Blue Creek Road. In addition, this alternative will also be required 

to reroute a large overhead power transmission main. Due to the presence of large quantities of hard 

rock excavation, construct ion of the large perimeter storm water ditch was determined economically 

infeasible and impracticable. 

2.3 Alte rnative 3 
Alternative 3 is a standalone facility, and, due to its configuration, would result in a reduced capacity 

and lifespan as compared to Alternatives 1 and 2, without providing any technical or financial 

advantages. Alternative 3 was therefore removed during the screening process. 

2.4 No Act i on /\ 11 <.'r n,Hivc 
Under the No Action Alternative, a final decision would not be required by DEQ because the City will 

have chosen to withdraw the application for licensure. Under a No Action Alternative, the City of Billings 

will con tinue utilizing the existing landfill facility and would not seek to license any additional property. 

The existing landfill facility was thoroughly evaluated during alternative analyses for capacity and life 
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expectancy. Based on this eva luation, the existing landfill has between approximately 39 to 62 yea rs 

remaining, at which point the Ci ty would need to identify additional area for landfill activi ties. 

10 



Figure 2.1. Alternative 1 Site Plan 

11 



Figure 2.2. Alternative 2 Site Plan 
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2.5 Comparison of the Reasonahlc Alternatives 
Based on the screening criteria, Alternatives 1, 2, and 4 were the reasonable alternatives carried 

forward. This section provides a brief comparison of the reasonable alternatives; for more information, 

see the Solid Waste Alternative Analysis Report (City of Billings 2013). Alternative 4 is further developed 

in the Landfill Master Plan and Master Plan Design Report (Great West 2013c). 

The life of each expansion alternative is determined using waste volume and waste tonnage calculated 

with the soil balance and total airspace as described above. For purposes of comparing alternatives, 

four different life estimate calculat ion methods are shown in Table 2.1. Of the methods used, 

Alternative 2 provides the greatest life est imate benefits and Alternative 4 provides the least. 

Table 2.1. Expansion Life Estimates Comparison 

Solid 
Air Space Solid Waste 

Waste Dally Approximate 
ALTERNATIVE Calculation Method Capacity Capacity 

Capacity Cover (CY) Life (Years) 
(CY) (Tons) 

(CY) 

250,000 Tons/Year 62,587.000 31 ,293,000 43,621,000 18,966,000 123 

41 6,686 Tons/Year with 
1 07% Inflation. Begin Year 62,587,000 31,293,000 43,621 ,000 18,966,000 54 

2060 

ALTERNATIVE 351,561 Tons/Year with 

1 1.07% Inflation and Planned 
62,587,000 31 ,293,000 43,621,000 18,966,000 62 

Diversion 
Begin Year 2062 

Expanded Service Area 
486,911 Tons/Year with 

62,587,000 31 ,293,000 43,621 ,000 18,966,000 47 
1.07% Inflation 

Begin Year 2051 

250,000 Tons/Year 72,430,900 36.215,000 50.482,100 21 ,948.800 142 

416,686 Tons/Year with 
1.07% Inflation, Begin Year 72,430,900 36,215.000 50.482,100 21 ,948,800 59 

2060 

ALTERNATIVE 351 ,561 Tons/Year with 

2 1 07% Inflation and Planned 
72,430,900 36,215,000 50.482,100 21 .948,800 69 

Diversion 
Begin Year 2062 

Expanded Service Area 
486,911 Tons/Year with 

72.430,900 36.215.000 50.482.100 21 ,948,800 53 
1.07% Inflation 

Begin Year 2051 

250,000 Tons/Year 23,544,400 12,068,200 18,566,400 3,713,300 49 

ALTERNATIVE 
41 6,686 Tons/Year with 

4 
1.07% Inflation, Begin Year 23,544.400 12,068,200 18,566.400 3,713,300 26 

2060 

351 ,561 Tons/Year with 23,544,400 12,068,200 18,566.400 3,713,300 31 
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Air Space Solid Waste 
Solid 
Waste Daily Approximate 

ALTERNATIVE Calculation Method Capacity Capacity 
Capacity Cover (CY) Life (Years) 

(CY) (Tons) 
(CY) 

1.07% lnftation and Planned 
Diversion 

Begin Year 2062 

Expanded Service Area 
486,91 1 Tons/Year with 

23,544,400 12,068,200 18,566,400 3,713,300 22 
1.07% Inflation 

Begin Year 2051 

Source: City of Billings Solid Waste Alternatives Analysis. July 2013 

Planning level cost estimates comparing the construction of expansion and closure of each al tern ative 

are shown in Table 2.2. These capital cost estimates foc us on capita l infrastructure improvements at the 

landfill and do not include est imat es fo r replacement of equipment such as drop boxes, trucks, 

earthmoving machines, etc. Estimates also do not include operations and maintenance costs for the 

landfill, which represent the most signi fi cant costs associated wi th most solid waste facilit ies. The 

construct ion estima tes assume the Ci ty wi ll excavate each of the landfi ll expansion areas as part of its 

excavat ions needed for dai ly cove r. The estimates also assume that the City will continue construct ing 

its own on-site roads rather than contracting them out. Cost tables include estimates for cell 

const ruct ion, liners and leachate collection systems, closure project s, infrastructure improvements and 

miscellaneous engineering tasks. Alternative 4 has t he highest capital cost per ton. 

Table 2.2. Alternative Cost Estimate Comparison (2013 Dollars) 

ALTERNATIVE 
Expansion 

Closure Cost 
Total Capital 

Total Tonnage 
Capital Cost 

Cost Cost Per Ton 

ALTERNATIVE 1 $126,909,000 $10,557.000 $137,466,000 31 ,293,000 $4.40 

ALTERNATIVE 2 $140,575,000 $9,544,000 $150,119,000 36,215,000 $4.15 

ALTERNATIVE 4 $72.512,740 $7,981 ,570 $80,494,310 12,068.200 $6.65 

Source. City of 811/ings Solid Waste Alternatives Analysis. July 2013 
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Section 3.0 Ana lysis of Potential Impacts 

This section evaluates the potential environmental effects that may occur on the physical and human 

environment if the proposed facility is approved and constructed. Tables 3.1 and 3.7 identify the 

physical and human elements that may be impacted by licensure of the proposed facility. Each table is 

followed by a discussion of the potential impacts to the resources that might be affected by the 

Alternative 4 as the proposed action. 

3. 1 Po tentia l Impacts on the Phys ica l En vi ro nm e n t 
This section evaluates the potential environmental effects that may occur on the physical environment 

due to implementation of the proposed action, Alternative 4. The resources listed in Table 3.1 are 

described in greater detail in the following sections. Generally, only those resources potentially affected 

by the proposed action are discussed in greater detail. If there is no effect on a resource or the resource 

is not present within the study area, it is noted in the respective section and not analyzed any further. 
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Table 3.1. POTENTIAL IMPACTS ON THE PHYSICAL ENVIRONMENT 

PHYSICAL ENVIRONMENT Major Moderate Minor No Unknown 

SITE GEOLOGY & SOIL QUALITY - STABILITY & MOISTURE· Are there unusual geologic x features? 
Will the surface features be chanqed? x 
Are fraq1le, compact1ble or unstable soils present? x 
Are there special reclamation cons1derahons? x 

WATER QUALITY, QUANTITY & DISTRIBUTION Are important surface or ground water x resources present? 
Is there potential for violation of ambient water quality standards. drinking water maximum x contaminant levels, or deqradat1on of water quality? 

AIR QUALITY: Will pollutants or oart1culate be produced? x 
Is the proiect influenced by air quality requlat1ons or zones (Class I air-shed)? x 

DEMANDS ON ENVIRONMENTAL RESOURCES OR LAND. WATER, AIR OR ENERGY: x Will the project use resources that are limited in the area? 
Are there other activities nearby that will affect the project? x 

TERRESTRIAL, AVIAN, AND AQUATIC LIFE AND HABITATS Is there substantial use of x 
the area by important wildlife, biros or fish? 
VEGETATION COVER, QUANTITY & QUALITY Will vegetative communities be x 
permanently altered? 

Are any rare plants or cover types present? x 
UNIQUE, ENDANGERED, FRAGILE OR LIMITED ENVIRONMENTAL RESOURCES: Are x any federally listed threatened or endangered species or identified habitat present? 

Any wetlands? x 
Any species of special concern? x 

HISTORICAL AND ARCHAEOLOGICAL SITES Are any historical, archaeological or x 
paleontoloq1cal resources present? 
HAZARDOUS WASTE AND SITES Are there any hazardous materials w1th1n or ad1acent the x 
study area? 
AESTHETICS Is the pro1ect on a prominent topoqraph1cal feature? x 

W1ll 1t be v1s1ble from populated or scenic areas? x 
Will there be excessive noise, liqht or odors? x 
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Gen erol Geology and Soil Cho ro ct e ristics 

The project site is located in the Missouri Plateau, Unglaciated Section of the Great Plains Province of 

the Interior Plains (USDA NRCS 2013). It is an area of old plateaus and terraces that have been eroded. 

Slopes genera lly are gently rolling to steep and wide belts of steeply sloping badlands border a few of 

the larger river valleys. Nearly the entire project site is mapped as Lismas Clay (map unit " Ln" ), 15 to 35 

percent slopes (USDA NRCS 2012). These soils are characterized as shallow, well-drained, moderately 

steep calcerous clay soils on upland (Meshnick 1972). Figure 3.1 shows the various soil types located 

within the landfill expansion area and soil properties are described in Table 3.2. Topographically, the 

study area consists of an upland plain, dissected by a large, second-order drainage (Stream 1) that 

discharges to Blue Creek, a tributary of the Yellowstone River. Numerous first-order drainages are 

located throughout the study area and all drain to Stream 1 (see Figure 1.1). Surface elevation in the 

study area ranges from 3200 feet to 3500 feet above mean sea level. 

Soil types within the study area do not represent any rare or unusual properties and similar soils types 

can be abundantly found surrounding the study area. Construction and operation of the proposed 

project would result in major earth moving activities and would affect the existing topography of the 

site . Fo llowing closure of the landfill, topsoil will be replaced and revegetated according to the 

reclamation plan. Due to the plastic nature of on-site soils and limited topsoil available, reclamation of 

disturbed areas will require augmentation of surface soils with compost or mulch. 
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Figure 3.1. Soil Types within the Study Area 

Table 3.2. Summary of Soil Properties within the Study Area 

MAP UNIT 
ACRES IN 

PERM EA-
AVAILABLE 

DEPTH TO WATER 
SOIL TYPE 

SYMBOL 
STUDY DRAINAGE BILITY WATER TABLE 
AREA CAPACITY 

Lismas clay, 15 to 
Very low to 

35 percent slopes 
Ln 278 Well drained moderately Very low More than 80 in 

high 
Pierre-Lismas clays, Very low to 
7 to 15 percent Pl 57 Well drained moderately Low More than 80 in 
slopes low 
Maginnis channery Very low to 
clay loam. 15 to 35 Mc 28 Well drained moderately Very low More than 80 in 
percent slopes high 

Danvers silty clay 
Moderately 

low to 
loam, 2 to 4 percent Da 7 Well drained 

moderately 
High More than 80 in 

slopes hiqh 
Source USDA NRCS 2013 

SL ucly 1\ rcu r:colupy 

Geologists conducted initial geotechnical investigations of the proposed expansion area to determine 

fea sibility of expansion alternatives. A full description o f geo technica l methodologies and results can be 

found in the Report of Geotechnical Investigation Techn ica l Report (Tetra Tech 2013) and the Billings 

I 
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Regional Landfill Facility Expansion Feasibility Study (Great West 2013b). Pertinent information is 

summarized below to provide a more detailed description of the expansion area. 

Two geological units are exposed within the proposed landfill expansion property: The Belle Fourche 

unit and the Quaternary-aged (Pleistocene) deposit. The Belle Fourche shale underlies the entire site, 

either at the surface or near the surface. The unit is a fine-grained sedimentary rock of upper 

Cretaceous age. The unit is thinly-laminated, dark bluish-gray, and consists almost entirely of silt- and 

clay-sized particles. The Quaternary-aged {Pleistocene) deposit consists of silt, sand and gravel that 

underlie the center of the easternmost part of the property; it is expressed as a flat, non-eroded prairie 

and is obvious on the land east of the City property. 

Geologists identified several faults within the landfill expansion property. One fault lies within a few 

hundred feet of the southeastern extreme of the property; about one-quarter mile further to the 

southeast is another normal fault. The far northern extreme of the proposed landfill site is transected by 

a northwest-trending normal fault. None of the faults in the area are active and the proposed facility 

does not lie within any seismic impact zones. 

Field exploration and test borings were completed in March and April 2013. Eight test borings were 

completed ranging from 17 to 300 feet using a tracked drilling rig with auger and core capabilities. In 

addition, 17 shallower test excavations using a backhoe were completed. All four of the deeper holes 

reflected a change in the character of the rock at 35 to 45 feet . Above that level slightly degraded 

structure, iron stains, and secondary mineral fracture fillings provide evidence that water has 

penetrated the shale; below that level the rock is intact, resistant, and shows no evidence of water 

infiltration. 

W.lle r Qu J lily, Qu.rntity, ,rn tl D i~t• 1but1on 

All landfills are required to obtain coverage under the Montana Pollution Discharge Elimination System 

Permit (MPDES). The State of Montana gained delegation of the MPDES Permit Program from EPA by 

demonstrating that the state would maintain a permit program that is at least as stringent as the 

Federal requirements. The existing landfill has coverage under the MPDES General Permit for Industrial 

Activity No. MTR 000380. Since the new landfill area will have a separate discharge location, it will 

require its own Industrial Storm Water Permit. 

The new landfill design incorporates perimeter ditches and berms to divert any run-on from entering 

any waste area. There is also a run-on ditch located in the existing drainage (Stream 1) between the two 

halves of the landfill development. These perimeter ditches provide effective run-on and run-off control 

for the active area. All run-off collected from the landfill area is directed to one of two water detention 

ponds. The detention ponds are designed to detain the total volume of water from the 25-year, 24-hour 

storm event in accordance with State and Federal requirements. The City staff will be responsible for 

maintenance of all on-site drainage structures and ditches. Maintenance will include the 

implementation of Best Management Practices (BMPs) to control erosion and sediment transport. The 

new landfill will operate and maintain the detention ponds and ditches in accordance with the Surface 

Water Pollution Prevention Plan (SWPPP) and General Industrial MPDES Permit. 
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Surface water and hydrographica l features within the landfill expansion area are described in greater 

detail within the Wetlands and Water Bodies section. 

(; r o u n<f 1vu1 e1 

Groundwater occurred in at least two of the four deeper borings and monitoring wells were established 

at these two sites. In general, the lower depths of the weathered Belle Fourche, perhaps as deep as 45 

feet below ground surface, appear capable of transmitting small quantities of groundwater. 

Groundwater also migrates on top of thicker bentonite beds. Based on the lack of consistency in the 

occurrence of groundwater, the generally shallow depths at which it was conclusive ly detected and 

apparently low yields of the water-bearing format ions, the hydrogeo logica l regime consists of locally­

recharged perched aquifers. Conditions documented during the geotechnical ana lyses lend support to 

the assertion that groundwater is not contiguous, is loca lly recharged, and occurs as isolated, perched 

water-bearing zones. Again, those conditions dominate the existing landfill, which is immediately 

adjacent to the proposed expansion area . 

Neor/Jy Gro 11 11d1vut e1 Su111J/y IVc /ls 

Based on a review of the Montana Bureau of Mines and Geology (MBMG) database of existing water 

supply wells, there are 13 monitoring wells located on the City property (MBMG 2013). Two wells are 

loca ted on the landfi ll expansion area and 11 are located on adjacent City-owned land. Of the two we lls 

located within the landfill expansion area, well depths range from 45 to 53 feet. The static water levels 

ranges between 42.3 to 45.85 fee t. There are numerous o ther wells located nearby. Including the wells 

located on adjacent City property, there are a total of 73 wells located within a one-mile search radius 

from the landfill expansion area. Acco rding to the M BMG database, these wells are completed at depths 

from 0 to 110 fee t below ground surface and have static water leve ls between 0 and 45.85 feet. The 

majority of those wells encountered groundwater in the al luvial deposits associated with the 

Ye llowstone River. A full accounting of the groundwater conditions is presented in the Billings Regional 

Landfill Expansion Feasibility Study, which was conducted as part of the environmental evaluat ion of the 

proposed landfill si te. 

\ 1r lj11 .il il \ 

In general, landfills contribute to air quality degradation due to increased levels o f dust from land fill 

traffic, site construction, and ongoing maintenance activi ties. Short-term temporary increases in 

airborne dust and particulate matter may be experienced as additiona l traffic along Hillcrest Road is 

required to construct the landfill. Air quality impacts due to general operations are ant icipated to be no 

more significant than what is currently experienced with the existing landfill. During construction and 

periods o f dry conditions, dust suppression methods such as watering the haul roads will effective ly 

reduce air quality impacts. Beca use the construction of the proposed faci lity would be temporary and 

short -term, the overall effects to air quality are an ticipated to be minor. 
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Per requirements of the Montana Solid Waste Management Act and the Montana Administrative Rule 

ARM 17.50.1107, the proposed facility would be required to comply with all applicable air quality 

criteria developed under a State Implementation Plan (SIP) promulgated by the EPA Regional 

Administrator pursuant to sect ion 110 of the Clean Air Act, as amended, or any other applicable air 

quality requirements. 

Bi llings Air Qua l i ty Moniconng Sites 

According to the DEQ, the City of Billings has two air quality monitoring sites: one located along Coburn 

Road, called Billings-Coburn, and one downtown at the corner of 2nd Avenue North and North 32"d 

Street, ca lled Bill ings-St Luke's (DEQ 2013a). The Bill ings-Coburn Road site is a neighborhood scale 

historical S02 monitoring site located at higher elevations south of the Conoco and Exxon refineries, 

approximately 5.5 miles away from the landfill expansion study area. It has been operational for the last 

three decades and exists to monitor compliance with the federal and state S02 ambient air standards. 

The Billings-St Luke' s site monitors carbon monoxide (CO) on a microscale basis and is located 

approximately 4.0 miles away from the study area. The site was installed to demonstrate compliance 

with the CO NAAQS in the Billings non-attainment area. In 2008, the City began continuous PM2.5 

monitoring to support daily informational website publication as well for public health protection plans 

during periods of poor air quality. 

8 11/ i ngs A i r Quolity fJo c:kgrvuncl 

The EPA requires each state to establish a network of monitors to measure concentrations of the air 

quality criteria pollutants2 based upon population, regional air quality, and regulatory concerns (DEQ 

2012a). The City of Billings is one of three Metropolitan Stat istical Areas (MSAs) in Montana3 for which 

certain monitoring requirements are mandated by the EPA. Of the six criteria pollutants regulated, 

Billings has only historically (pre-1990) exceeded air quality standards for CO. 

The Montana Community Designation Status (refer to 40 CFR 81.327) was reviewed to determine the air 

quality nonattainment status for the City of Billings. According to the attainment status designat ion 

table, the study area falls within an attainment area as designated on April 22, 2002 (DEQ 2013b). 

In 2002, the EPA approved a change in the legal designation of the Billings area from "not classified" 

nonattainment for CO to a limited maintenance plan attainment area, and approved the maintenance 

plan that was designed to keep the area in attainment for CO for the next 10 years (City of Billings 2009). 

In 2010, the City submitted a revised maintenance plan that provides for maintenance of the CO 

standards for an additional 10 years. Provided Billings does not exceed the 8-hour standard of 9.0 ppm 

more than once per calendar year during the next 20 years, it can then request full attainment status. 

2 The six criteria pollutants are: carbon monoxide (CO), sul fur dioxide (502), lead (Pb), ni trogen dioxide (N02), 
ozone (03), and particulate matter (PM ). PM includes two sizes of particles, those wi th an aerodynamic diameter 
of 10 microns and less (PMlO), and particles with an aerodynamic diameter of 2.5 microns and less (PM 2.5) . 
3 A MSA must contain an urbanized area of 50,000 or more population. M issoula and Great Falls are the other two 
MSAs in Montana. 
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DEQ and the local Ci ty-County Hea lth Department continue to monitor and analyze CO levels in Billings 

to help demonstrate ongoing compliance with the CO standards. 

ll l' rn .lll cl S OJI l:n v iron llH'llt .il l ~l' '\O lllTl'S o r· L;in cl , v\ ',ttl' r·, .'\ i r 01' l ·: rwrgv 

The primary energy demand required for the proposed landfill expansion wou ld be the ongoing landfill 

operat ions of transporting waste to the facility . To a lesser extent, energy demands would be required 

for operations relating to excavation and construction of new cells, and the compaction, covering, and 

other rout ine landfill activities. During construction of the new faci lity, there would be a higher than 

normal energy demand; however, this would be a short-term temporary expenditure lasting no more 

than a couple construction seasons. The con tinuation of land fi ll operations on the expansion area would 

resul t in similar activi ties and energy demands to what currently occurs at the exist ing landfill. For this 

reason, it is anti ci pated that no addit ional impacts would occur. 

l t' !Tl''>l r i.il , /\ \' 1,111 , ;ind 1\q uat ic l.1fl· ;i 11cl I L1b i tab 

The landfil l expansion study area consists of an upland plain dissected by a large secondary drainage 

(Stream 1) that discharges to Blue Creek, a tributary of the Yel lowstone Rive r. The study area is currently 

used for cattle grazing and horse pasture and is sparsely vegetated with grasses, cactus, and sage. In the 

vicin ity of the study area, there are similar large tracts of open space adjacent the City property and 

sparse rural deve lopment. Due to the abundance of adjacent open space, there is adequate acreage of 

suitable habitat ava ilable for populations of gra zing large game, te rrestrial predators, avian species, and 

burrowing small animals that may be displaced by the proposed landfill expansion 

Wct lunds 0 11<1 Wate r /Jocli cs 

A we tland and stream delineation of the landfill expansion area was conducted in October 2012. The 

field invest iga tion identified 14 wetlands with a cumulative area of 2.41 acres in the study area. 

Wetlands were distinguished from adjoining uplands by the presence of indicators for wetland 

hydrology, hydric soils, and hydrophytic vegetation. Figure 3.2 shows an overview of the wetlands and 

water bodies in the study area. For more informat ion on the methodology and results, refer to the 

Wetland and Stream Delineation Technical Report (HOR 2013). With the exception of Wetlands 5 and 6, 

all wetlands identified in the study area adjoin Stream 1, the large second-order drainage that 

discha rges to Blue Creek. Table 3.3 summarizes the size, hydrogeomorphic (HGM) and Cowardin 

classification of the wetlands found with in the study area . 
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Figure 3.2. Wetlands Overview Map 
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Table 3.3. Summary of Wetlands in the Landfill Expansion Area 

Wetland area on Hydrogeomorphic (HGM) Coward in 
Wetland Name Project Site Classification• Classificationb 

1 1.32 ac Riverine PEM1/PAB1 

1a 0.02 ac Riverine PEM1 

2 0.40 ac Riverine PEM1/PA81 

2a 0.03 ac Riverine PEM1 

2b 0.02 ac Riverine PEM1 

2c 0.02 ac Riverine PEM1 

3 0.10 ac Riverine PEM1 

4 0.05 ac Riverine PEM1 

4a 0.03 ac Riverine PEM1 

5 0.01 ac Oepressional PEM1 

6 0.30 ac Slope PEM1 

7 0.09 ac Riverine PEM1 

7a 0.01 ac Riverine PEM1 

7b 0.01 ac Riverine PEM1 

TOTAL AREA 2.41 ac 

The stu dy area is located in the Blue Creek Watershed, loca ted in the Upper Ye llowstone-Lake Basin 

Wa tershed (USGS HUC 17010204) (USEPA 2012). Hydrographica l features in t he study area include a 

large second-order stream (Stream 1), w hich dissects the propert y, o riginating south of t he study area 

boundary and flowing 1.5 miles north/ northeast through the study area, finally discharg ing t o Blue 

Creek thro ugh culverts under Blue Creek Roa d. The study area also contains 22 f irst -order seasonal 

drainages that di scharge into St ream 1. None of the streams and drainages contained surface wa ter flow 

in any pa rt o f t he channel duri ng the October 201 2 field investigation . It is likely that, during springt ime 

flows, aquatic habi tat consists primari ly of low-gradient r iffles, wi th large, deep pools at the two 

impoundments associated with Wetlands 1 and 2. None o f the st reams and d ra inages are considered to 

support fi sh species (M FWP 2012) . 

Implement atio n o f Al ternative 4 would resul t in unavoidable impacts to w et lands. The wet lands and 

wate r bod ies associated with the landfil l expa nsion area are all located adjacent to Blue Creek and have 

a d irect surfa ce wa ter connect ion to the creek, which discharges into t he Ye llow stone River. The US 

Arm y Corps of Engineers (USACE) has designated the Ye llowstone Rive r as a Tradi t ional Navigable 

W ater, or TNW . Therefore, all we tlands and w ater bodies w ithin t he landfil l expansion study area are 

likely subject to jurisdict ion under Section 404 of th e Clean Wa ter Act. The USACE is ultimately 

respo nsible for all ju risdict iona l determin at ions. 
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In accordance with ARM 17.50.1005, a new landfill unit, or a latera l expansion of an existing landfill unit, 

may not be located in wetlands, unless the owner/applicant can clearly demonstrate to DEQ that a 

practicable alternative to the proposed action that does not involve wetlands is unavailable. If no 

practicable alternative exists to the proposed action, then pursuant to 33 USC 1344 (Section 404 of the 

Federal Clean Water Act, as amended) or applicab le Montana wetlands laws, the owner/applicant must 

offset remaining unavoidable wetland impacts through compensatory mitigation. 

In 2008, EPA 40 CFR 230 and USACE 33 CFR 332 published a final rule that addresses compensatory 

mitigation for unavoidable losses of aquatic resources. As a result, compensatory mitigation is expected 

to be required for most projects involving wetland impacts. Permitting conditions and final mitigation 

ratios, if applicable, would be negotiated with the USACE during the Section 404 permitting process. 

Considerations f or Permitting and Com pensa to ry Miti_qation 

The proposed landfill expansion would impact 2.41 acres of wetland. The minimum wetland mitigation 

requirement would be a 1:1 ratio to achieve 2.41 acres of wetland, or 2.41 mitigation credits. However, 

mitigation could require at least a 2:1 ratio, depending on project timing and whether or not mitigation 

wetlands are likely to provide the same or better quality of habitat. Actual mitigation requirements will 

be determined prior to 404 permitting in a Wetland Mitigation Plan. The wetland delineation report 

identified other potentially jurisdictional waterbodies, including Stream 1, a seasonal tributary to Blue 

Creek, and several ephemeral tributaries to Stream 1. Whi le similar projects in the past have not 

required stream mitigation, the possibility of stream mitigation requirements should be kept in mind 

due to new regulatory requirements. The construction for the expansion will be considered one project, 

so all impacted wetlands and jurisdictional water bodies would require mitigation even if construction is 

completed in phases and only disturbs a portion of the waterbodies at any given time. Additional 

mitigation credits wil l be required if mitigation is not completed before construction. Any additional 

investigations or data collection will be defined in the future during the permitting process. 

A number of options currently exist for compensatory wetland and stream mitigation. While the 

options and agency preferences may change in the coming years, the following list encompasses the 

primary options available: 

• Buy into existing wetland mitigation bank; 

• Pay into in-lieu fee program prior to anticipated impacts; 

• Pay into in-lieu fee program at time of permitting and anticipated impacts; 

• Create mitigation bank for City of Bilrings prior to anticipated impacts on existing City property 

or purchased property to have mitigation wetlands in place before permitting and anticipated 

impacts to minimize required credits; 

• Create mitigation bank for City of Billings at time of permitting and create additional wetland to 

fulfill additional required credits because mitigation follows impact; 

• Contract off-site wetland creation and/or restoration before anticipated impact or additional 

acreage after impact; 
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• Create wetland on-site at downstream end of intermittent stream/run-on ditch in lower-lying 

areas for partial mitigation, combined with one of the above strategies to fu lfill any rem aining 

mitiga t ion credit requ irement s; or 

• Create wet land on-s ite at downstream end of interm ittent stream/run-on ditch, excavating a 

greater volume of soi l as needed to create wetland acreage sufficient to create all required 

mitigat ion credits; some stream mitigation off-si te could still be required. 

Vege t,1Lio11 C:on·r, <)ua11tit y, and Quali ty 

According to the Montana Natura l Heritage Program (MNHP) land cover atlas maps the upland plains in 

the study area are identified as Big Sagebrush Steppe and Great Plains Mixedgrass Prairie (MNHP 2013). 

Predominant species in these areas include Wyoming and basin big sagebrush (Artemisia tridentata ssp. 

wyomingensis, Artemisio tridentoto ssp. tridentoto). Grazed areas are dominated by exotics such as 

Kentucky bluegrass (Poo protensis), smooth brome (Bromus inermis), and Japanese brome (Bromus 

joponicus), as well as western wheatgrass (Poscopyrum smithii) and crested wheatgrass (Agropyron 

cristotum) . Portions of Stream 1 and the tertiary drainages are mapped as Great Plains Ponderosa Pine 

Woodland and Savanna, and Great Plains Wooded Draw and Ravine, and Great Plains Ripa rian site 

type s. Dominant species in these land cover types include narrowleaf cottonwood (Populus 

ongustifolio) and Plains cottonwood (Populus deltoides) in floodplains, Rocky Mountain juniper 

(Juniperus scopulorum) in the draws and ravines, and ponderosa pine (Pinus ponderosa) near the uphill 

extent of the drainages. 

In accordance with ARM 17.50.530, the landfill closure requirements and design cri teria, the final cover 

system for the proposed facili ty will include a wa ter-balance cove r simi lar to those approved at the 

exist ing facility. Tha t design includes a thickness of naturally-occurring soils with a compost-soil surface 

layer. The system is designed to store a volume of wa ter equiva lent to the highest single precipitation 

total on record, allowing that moisture to be released to the atmosphere via evapo transpiration 

processes fac ili tated by the reestablishment of a native plant community atop the engineered cover. 

That cover wou ld be subject to the alternative cover demonstration_prgcess delinea ted by the Montana 

Department of Environmental Quality. The closure plans would require the final cover to be revegetated 

with native species wi thin one year of placement of the final cover. The DEQ may also approve 

alternative revegetation plans and sequencing. Post closure of the proposed landfill, revegetation and 

plant succession will make the area suitable once again fo r wildlife habitat and livestock grazing. 

l l 111q11c, l '11 cl.111gl'rl'd, I r.1~ilt• 0 1 l. i11 1itl' d !·1 1\ 11 c111111t·11t,il Rl''-Olll Tt'"I 

The MNHP wa s accessed on M arch 6, 2013 to determine wt"\at threa tened and endangered (T&E) 

species and species o f concern for the State of Montana exist in Section 29, TlS, R26E, in Yellowstone 

County. According to the MNHP, three species of concern have been documented within Section 29. 

Table 3.4 provides a list of the species of concern that may occur in the vicini ty of the landfill expansion 

study area. 

26 



Table 3.4 Montana Natural Heritage Program's Species 
of Concern Potentially Occurring within Section 29 

COMMON NAME SCIENTIFIC NAME 

Mllksnake Lampropelt1s tnangulum 
Western Hog-nosed Snake Heterodon nasicus 
Spotted Bat Euderma maculatum 

Source: MT Natural Hentage Program. 2013 

According to data received from MNHP, no plant species of concern were documented within Section 

29, TlS, R26E, in Yellowstone County. 

The U.S. Fish and Wildlife Service (USFWS) Threatened and Endangered Species Program website was 
searched on April 18, 2013 to determine if any threatened and endangered species (T&E) and/or critical 
habitat are located within or near the study area. Table 3.5 lists the USFWS results for T&E species 
occurring within Yellowstone County, Montana. Of the species identified, the Whooping Crane and 
Black-footed ferret are considered "endangered," the Greater sage grouse and Sprague's pipit are 
considered "candidate" species, and the Gray wolf has the status of "recovery." Note that the USFWS 
T&E database search provides results at the county level; actual frequency of each species' presence 
within the study area is unknown. 

Table 3.5. Threatened and Endangered Species Occurring in Yellowstone County, MT 

GROUP COMMON NAME SCIENTIFIC NAME STATUS 
Bird Whooping Crane Grus amencana Endangered 

Greater sage grouse Centrocercus Candidate 
urophasianus 

Spraque's pipit Anthus spraqueii Candidate 
Mammal Black-footed ferret Mustela mgripes Endangered 

Grav wolf Canis lupus Recovery 
Source USFWS, 2013 

The landfil l expansion area does not have any documented occurrences of critical habitat. The existing 

vegetation types are neither unique nor limited in quantity, especially considering the abundance of 

simila r land cover adjacent the study area. 

No effect on any threatened, endangered, proposed, candidate or sensitive species area is anticipated 

to occur due to the proposed project. Considering the abundance of available habitat within proximity 

to the study area, the impact resulting from construction of the project would have a negligible effect to 

wildlife. 

ll i ..,to r ic.11 .rnc1 Archacolngi c.11 ~Il l''> 

A Class Ill cultural resources inventory of the landfill expansion area was conducted by Ethnoscience, Inc. 

to investigate and document the presence of any significant cultural resources and provide preliminary 

National Register of Historic Places (NRHP) eligibility evaluations of sites located with the study area. A 

pedestrian survey (field investigation) was conducted of the entire study area on October 8, 2012. 

Additionally, the State Historic Preservation Office (SHPO) was contacted to obtain all relevant files, 

survey reports, and si te records. From the records search, no existing historical or archaeological sites 
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were iden tified within the study area. Due to the proximity to the exist ing landfill, other miscellaneous 

pieces of cans, glass, and debris of undetermined age were visible but were not reco rded . 

The field investiga tion resulted in identification of one site and one isolate, which were documented on 

the appropriate state form s (Ethnoscience 2012). Site 24YL1868 is a histori c cultu ra l materia l sca tter 

located on the spine and slope of a ridge that overlooks a secondary dra inage, approximately in the 

center of the study area (see Figure 3.3). The site consists of glass shards of va rious colors, a ceramic 

bowl shard, two pull t abs, a bird cage, numerous asphalt and wood boards associated with a roof, and 

the engine hood of a circa 1940s Ford vehicle. It was determined that this site was likely a loca l 

secondary trash dump. All materials appear on the surface and it is unlikely that a significant buried 

component exists at the si te. The isolate (see HDRIF-1 on Figure 3.3) consists of the remains of a 1940s 

era vehicle and a pull-tab beer can located at the bottom of a very steep drainage near the road to the 

current landfill. Neither the one si te nor the one isolate find are recommended NRHP eligible as they 

lack sufficient qualities to be considered significant. The proposed project wa s determined as having no 

adve rse effect upon signi fi cant cultural resources. 
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Figure 3.3. Cultural Resource Survey Results 

H.11..H dou~ W;1\t C .ind Sile ... 

The DEQ Remediation Division, Permitting and Compliance Division (Waste and Underground Tank 

Management Bureau), Petroleum Tank Release Compensation Board (PTRCB) and the Montana State 

Library, Natural Resource Information System (NRIS) coopera tively provide database information 

regarding the following : 

• Active and Inactive Regulated Underground Storage Tank sites; 

• Abandoned/Inactive M ine sites; 

• Active and Inactive Leaking Underground Storage Tank sites; 

• State and Federal Superfund sites (including CERCLA, CECRA, WQA, ACGP, CALA, VCRA, and 

Brownfields), and; 

• Petroleum Tank Release Compensa tion Board sites. 
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The online database was searched on April 18'h, 2013 to investigate the presence of any hazardous 

materials within or near the study area. Database results were provided init ially for the entire 

Ye llowstone County. The si tes were then narrowed down to include only si tes with in an approximate 

one-mile search radius from the landfill expansion study area. Results for sites located near the study 

area are listed in Table 3.6. 

Table 3.6. Hazardous Waste Sites Located Near the Study Area 

PRIORITY 
LOCATED IN 

SITE NAME ADDRESS FACILITY ID ACTIVE RANKING T1S R26E 
SECTION 29? 

BLUE BASKET FOOD 
2007 BLUE CREEK RD 5606595 YES 

5.0 - Pending 
NO 

MARKET 1 #946 Closure 
CASEYS CORNER #7 

2007 BLUE CREEK RD 5606595 YES 1.4 - High Priority 
NO #4924 Characterization 

CITY LANDFILL 
5240 JELLISON RD 5609744 YES 

5.0 - Pending 
NO 

#3372 Closure 
Source · MT Department of Enwonmental Quality. 2013 

A review of NRIS databases fo r LUSTs, Petroleum Tank Release Compensation Sites, and Remediation 

Response Sites found no record of hazardous materials or contamination within the study area (DEQ 

2013c). The EPA CERCLIS Public Access Database site was also searched and found no listed sites within 

or near our study area. 

l i! ,lhetin· 

The propo sed landfill expansion w ill likely have only minor impacts on aesthetics. The landfill expansion 

site is immediately adjacent the existing landfill which is an existing feature on the landscape. The 

proposed landfill expansion area is currently used for livestock grazing, which has impacted vegetation 

and eroded so ils in the more heavily grazed areas. Portions of the proposed landfill expansion would be 

visible from Hillcrest Road and Stratton Road. The visua l impacts would like ly be limited to vehicular 

traffic or occasional cyclists traveling immediately next to the facili ty. The landfill expansion area would 

be less visible from the more heavily traveled Blue Creek Road because the expansion area is shielded by 

taller topography next to the road. The landscape affected by the proposed landfill expansion is not 

regionally or locally unique as large expanses of simi lar land cover exist in the immediate vicinity. In 

genera l, visua l impacts resulting from the landfill expansion will not be permanent and will occur for 

only as long as the facility or each particular phase is in operation. As areas are capped, closed, and re­

vegetated at the landfill, the aesthetics wi ll gradually improve in those loca tions as operations are 

comp leted . 
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3.2 Potential lmp<Jcts on the Huma n Environment 
This section analyzes the potential effects that may occur on the human environment due to 

implementation of the proposed action, Alternative 4. The resources listed in Table 3.7 are described in 

greater detail in the following sections. Generally, only those resources potentially affected by the 

proposed action are discussed in greater detail. If there is no effect on a resource or the resource is not 

present within the study area, it is noted in the respective section and not analyzed any further. 
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ACTS ON THE HUMAN ENVIRONMENT 

UMAN ENVIRONMENT Major Moderate Minor No Unknown 

:s· Is some d1sruphon of native or traditional lifestyles or x 
/ERSITY Will the action cause a shift in some unique x 
POPULATION & HOUSING Will the project add lo the x hous1nq? 
'ill this pro1ect add lo health and safety nsks in the area? x 
:QME Will the facility generate or deqrade income? x 
: EMPLOYMENT Will the proiecl create. move or eliminate x 

NA' 
VENUES: Will the proiecl create or eliminate tax revenue? x 
3ERVICES Wrll substantial traffic be added to existing x 
:ion, police, schools. etc ) be needed? x 
~GRICULTURAL ACTIVITIES & PRODUCTION· Will the x ties? 
CREATIONAL & WILDERNESS ACTIVITIES: Are x ocated nearby or accessed through this tract? 
mth1n the tract? x 
v1ENT AL PLANS & GOALS Are there state, county, city, x · management plans in effect? 
)ject affect local 1ransportat1on networks and traffic flows? x 

porary construction jobs during construction of t he project 



Social 'tructurc~ and Mon•s 

The proposed project will have no impact to native or traditional lifestyles or communities because 

these communities do not exist in the proposed landfill expansion study area. 

Cultural llniquencs'i an<! DI\ l' r\il v 

The proposed project will have no impact to or affect any unique quality or culturally unique or diverse 

area within the vicinity of the project. Refer to the Historical and Archeological Sites section for more 

information on cultural resources within the study area. 

Density nncl Oi!>lribution of Population and Housing 

The proposed landfill expansion project would not result in an increase of population or require the 

need for additional housing. 

lluman Health and Safetv 

Impacts to human health and safety under the proposed alternative would not increase from existing 

conditions. Potential impacts resulting from the proposed project may include dust and debris transport 

from operations, the potential for disease transmission from animal and/or insect vectors, or potential 

for water contamination from storm water runoff. There are no close residents downwind or adjacent 

the proposed facility. The proposed landfill expansion would be designed and operated in accordance 

with the Montana Solid Waste Management Act and the Montana Administrative Rule ARM Title 17, 

Chapter SO which provides the requirements for siting, const ruct ion, operation, and monitoring of solid 

waste facilities. There are no impacts to human health and safety anticipated by the proposed landfill 

expansion project. 

Community and Per son .1 1 lncoml' 

The proposed landfill expansion project would have no effect on community or personal income levels. 

Development of the landfill expansion site would have no impact on waste disposal costs. 

QuJntity a nd Distributio n o f Emplovmcnt 

The proposed project would have no long-term effect on the quantity and distribution of employment in 

the region . There would likely be a short-term increase on local employment during the construction 

phase of the project due to the need for contractors. The long-term requirement for operations and 

maintenance are expected to similar to existing conditions. 

l.oc.11 .llld S L.Il e T,1'\. B.l \l' Ht•\ (' 1111('\ 

The short-term influx in local employment during the construction phase of the project would result in a 

minor beneficial impact to the local tax base. No long-term impacts, either positive or negative, are 

anticipated. 

De man<! for Government S<•1·v1n•-; 

The potential impact that the proposed landfill expansion facility licensure will have on the demand for 

government services will be minor. State personnel within the Montana Department of Environmental 

Qual ity (DEQ) will be required to review the proposal and licensing of the landfill, as well as periodic site 

visits during implementation. Ongoing city services and equipment operations and maintenance 
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required for the proposed facility will be no different than what is curren tly required for the existing 

landfill. During the construction phase, there would be a temporary increase in traffic on the roads 

leading to the fa cility; however, the impact is expected to be minor to roadway infrastructure or traffic 

enforcement. There will be a significant shift of traffic volume from Je ll ison Road to Hillcrest Road with 

the permitting of the new landfi ll . Improvements proposed to mitigate these impacts are d iscussed in 

more detai l w ithin the Tra nsportation section be low. 

l11d11 -; tri.1l, ( 0 111111 c rri.tl , ;rnd 1\ gricultu r.d ,\ c t iviti c>s ;111d Prod uctio11 

Construct ion of the proposed facility wi ll res ul t in a minor increase in industria l activity due to the need 

for construct ion contracto rs, additiona l machinery, and associated mater ials. The area surrounding the 

proposed landfi l l expansion area is sparsely popu lated and the housing t hat is nearest the existing 

faci lity has long been accustomed to the noise associated with landfill opera t ions. No noise sensitive 

receptors are located near the study area and therefore noise impacts from construction activities are 

expected to be minor. 

Part of the study area is zoned Agricu ltural Open (see Land Use and Zoning below) . Current agricultural 

activities within the study area are limited to cattle grazing, which produces nominal income for the City. 

The loss of the study area fo r this use is not expected to affect the City negatively. Additionally, ample 

open space exists near the study area for futu re cattle grazing opportunities. 

1\rCl''>'> tt1 ,111d Qu.llit r o t ll l'l'I e.1t iu11.1l and Wi l tkrn t''> ~ ;\ rti" iti <'~ 

The proposed landfill expansion wi ll not affect access to or quality of any wilderness or recreational 

areas. The City of Billings has a diverse array of t rails and recreationa l areas; however, these recrea tiona l 

resources are concentrated within city limits and north of the Yellowstone River, and are not in 

proximity to the study area. 

J.n r.11 1\ ,\dnpt l'd l.n\ iro1t11H•11tal Pl .111 ~ ;rn d Lo.1h 

The proposed project has not been identified as conflicting or inconsistent with any loca lly adopted 

environmenta l plans or goals. No impacts are anticipated. 

I. u 11 d Use u 11 rt l. o 11111 ,q 

The proposed landfill expansion area is located on approximately 350 acres of land owned by the City of 

Billings. The existing landfill and expansion area is located outside of t he Bill ings city limits. The majority 

of the expansion area is zoned Agricultura l Open, or Al. A portion of the expansion area that is neare st 

Hillcrest Road , including the existing landfill, is zoned Public, or P (Yellowstone County 2013). The area is 

currently used for livestock gra zing and horse pasture and is primarily vacant open space. Located in the 

very northern portion of the study area, near the Hillcrest Road/ Blue Creek Road intersect ion, are a 

corra l, watering tanks, and a stockpi le of pipes. There is also a power substa tion loca ted along Hillcrest 

Road. Within the landfill expansion area, the City has two separate parcels that allow grazing activi ties, 

each of which generates $300/year in revenue. The City would lose this revenue for several decades if 

the land use wa s converted to a landfil l. 
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1 ·1·J 115p1l1·t a ti11n 

Existing Tran sportation 

Access to the existing landfill is provided by Jellison Road from South Billings Boulevard /Blue Creek 

Road. South Billings Boulevard, which turns into Blue Creek Road, has an interchange on Interstate 90 

and provides good access to the landfill entrance. The existing primary route for vehicles arriving at the 

landfill is to travel south on Blue Creek Road then turn west onto Jellison Road. The right turn 

movement at this intersection utilizes a dedicated right turn lane. The landfill entrance is located 

approximately 0.7 miles along Jellison Road to the south. South Billings Boulevard has an interchange on 

Interstate 90 which provides good access to the landfill entrance. Hillcrest Road is located between the 

existing landfill and the expansion area. 

Peak hour traffic analysis was conducted at the intersection of Blue Creek Road and Jellison Road from 

7:30 am to 9:30 am. The analysis found that the eastbound movement operates at Level of Service (LOS) 

B, while the other intersection movements operate at a LOS A. Based on the LOS analysis, it was 

determined that directing traffic from Jellison Road to Hillcrest Road as required under Alternative 4 is 

not anticipated to significantly impact these intersections. 

Roadway Improvem ents under Alternative 4 

Field and topographical map reconnaissance surveys were conducted to determine potential alternate 

routes to accommodate expansion of the landfill south across Hillcrest Road while still providing 

acceptable levels of service. Hillcrest Road is a County collector road that serves residential and 

ranching properties to the south of Blue Creek Road. An electrical substation, overhead power, buried 

telephone lines, gas mains, and a commercial property are located along Hillcrest Road. Existing curve 

data and the roadway function were used to determine a design speed of 45 mph. This design speed is 

used for all roadway alternatives. 

During development of the landfill expansion alternatives, three separate road improvement 

alternatives have been considered : 

• Roadway Alternative 1: Reconstruction of Hillcrest Road 

• Roadway Alternative 2: Reroute of Hillcrest Road to perimeter of expansion area 

• Roadway Alternative 3: Reroute of Hillcrest Road to Collier Road 

A detailed description of these 3 roadway alternatives can be found in Chapter 11 of the Solid Waste 

Alternatives Analysis Final Report (City of Billings 2013). Of the 3 scenarios developed, Roadway 

Alternative 1 was selected as part of Alternative 4. Roadway Alternative 1 is described below. 

Roadway Scenario 1: Reconstruction of /-Iii/crest Road 

Th is alternative will maintain the existing horizontal alignment, but will improve the typical section to 

include two foot shoulders as well as improving the cut/fill slopes to meet existing County Road 

standards. The intersection of Hillcrest Road and Blue Creek Road does not provide adequate grades or 

sight distances. This alternative includes the construction of an approach landing along Hillcrest Road to 
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meet MDT standard s resulting in an approximate ten foot cut adjacent to the substation. This cut 

creates the need for a retaining wall separating the lowered Hillcrest Road from the substation to 

minimize impacts. Utility relocation will be required . 

The alternative includes reconstruction of approximately 1100 feet of Blue Creek Road to improve the 

intersection sight distance to meet minimum MDT requirements. 

The right turn lane found at the intersection of Blue Creek and Jellison does not appear to be warranted 

based on traffic count data alone, but is likely there due to accident data . During the field 

reconnaissance, a crash occurred that was caused by a north turning vehicle on Jellison unable to see 

north on Blue Creek due to the presence of a large commercial vehicle . An addition of a dedicated right 

turn lane from Blue Creek Road to Hillcrest Road is recommended due to type of vehicles util izing the 

landfill. 

Alternative 4 includes an on-grade crossing of landfill traffic at Hillcrest Road. A signa lized intersection is 

recommended at this location. The estimated cost of this roadway alternative is $5.3 million in 2012 

dollars. Property acquisition will be required on the eastern end of Hillcrest Road on the north side of 

the road . 

Figures 3.4, 3.5, and 3.6 illustrate the three roadway alternatives and provide additional information for 

the reconstruction of Hillcrest Rd . 

/l t 1/ 1t1 e., 

There are existing utilities located in the landfill expansion area which will affect the overall cost of the 

landfill expansion project. There is an overhead power line and underground telephone line running 

along Hillcrest Road. Also located along Hillcrest Road is an unknown diameter underground gas line 

owned by Montana-Dakota Utilities Company. Portions of these utilities will be required to be relocated 

for Alternative 4. Additionally, a large overhead power transmission line runs through the expansion 

area owned by Northwestern Energy. 
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Figure 3.4 
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Figure 3.5 
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Figure 3.6 
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Chemical 

Arsenic 

ARM 17.50.1204 - Table 1 
Groundwater Protection Standards 

MCL (mg/ I) Chemical 

0,05 Lindane 

MCL (mg/I) 

0.004 

-- - ------ -- --------l 

Barium 1.0 Lead 0.05 

----- -- I 

Benzene 0.005 I Mercury 0.002__J 
--- -;-- -

Cadmium _L_ 0.01 Methoxychlor 0.1 _J --- -

Carbon tetrachloride I 0.005 Nitrate 10 

Chromium 
-1 

0.05 Selenium 0.01 
(hexavalent) --l-

0.1-T-I 
I 

2,4-Dichlorophenoxy Silver 0.05 I 
acetic acid I I I -L 

1,4-Dichlorobenzcnc I 0.075 I Toxaphene 0.005 J ----+- - ----t-
I l I 1,2- Dichlorocthane 0.005 J l ,1.1 -

0.2 
Trichloromethane _J 

t-
1, 1-Dichloroethyl ene 0.007 Trichloroethylene I 0.005 

Endrin 0.0002 2,4,5 - 0.01 
Trichlorophenoxy 

acetic acid 

Fluoride _L 1 Viny l Chloride 0.002 

--- - - ____; 
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I n troduclion 

~r po~e ~ '>_:_ol_H_:· ------------------------------

This document is intended to demonstrate that a proposed Phase 5 liner design for the Billings Regional 
Landfill, municipal solid waste license #113, meets the Design Criteria defined in Montana ARM 
17.50.1204. 

This investigation includes a review of hydrogeological and engineered site conditions, an evaluation of 
landfill leachate volume and chemistry, and an evaluation of the potential for leachate and landfill gas 
migration to affect the uppermost aquifer at the site. Previous studies of the facility include 
hydrogeological investigations, alternative liner demonstrations, alternative cover demonstrations, 
quality control/assurance documentation for both liners and covers, and semi-annual groundwater 
monitoring reports. This investigation includes information obtained from exploratory work conducted 
in February, 2012. That work included the drilling of three test borings and physical property analyses of 
9 samples obtained via split-spoon sampler. The geotechnical report is included as Appendix A of this 
document. 

F,1dlity II i<olor • 

The Billings Regional Landfill is located at 5240 Jellison Road in the east Yi Section 29 and west Yi 
Section 30, Township 1 South, Range 26 East (Figure 1). It began accepting waste in about 1969, 
with an estimated annual waste acceptance of less than 45,000 tons. Steady population growth in 
the Billings area, along with the inclusion of additional towns and counties in the area, has resulted 
in an increase of waste disposal to the 227, 700 tons accepted in 2011. With the advent of the 
revised solid waste regulations in 1994, more-highly engineered waste units have been designed 
and constructed at the facility. This also continued with the historical unlined waste areas (Phases 1 
and 2) as they reached capacity. In 2007, the City began diverting Class IV waste from the main 
waste stream to a permitted area, and in 2008 they constructed a new lined cell in the Phase 3 area. 
Another new lined waste unit, Phase 4, was built in 2009. The facility operators previously received 
approval for an alternative liner for the Phases 3 and 4 expansions. 

CITY OF BILLINGS I Phase 5 Alternative liner Demonstration 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

Site Cha racteris tic 

Climate 

A summary of climatic data collected at the Billings airport is listed in Table 1. The complete daily 
records are available from the Desert Research Institute in Reno, Nevada. The annual average 
precipitation is 14.29 inches with a total average snowfall of 57 inches. The mean average daily high is 
58.7 degrees Fahrenheit (F) and the mean daily low is 35.7 F. 

Geology nd Smls 

The geology and soils are described in detail in Damschen & Associates (1991), EMCON (1996), and 
Tetra Tech (2007). The City of Billings landfill ls located In dissected shale and bentonite deposits on 
the south side of the Yellowstone River, about five miles south of Billings, Montana. According to 
EMCON (1996), "The landfill is in a north-sloping drainage basin formerly occupied by ephemeral 
streams." These draws have been filled with municipal waste since the 1960s, and much of the 
existing waste lies atop unlined soil. Outcropping bedrock consists of Cretaceous-aged sedimentary 
rocks. EMCON (1996) reports that the facility and the area to the south are part of the Belle 
Fourche shale and the Greenhorn formation, which are dated to the upper Cretaceous. The Belle 
Fourche Is described as dark grey, fissile, non-calcareous shale with interbedded bentonite beds that 
range from a few inches to several feet in thickness. This description fits the on-site exposures and 
well logs, although some reports describe the shale as claystone. The Tetra Tech (2007) report uses 
the term Hclaystone" throughout. Appendix A of this document has additional geological and soils 
information pertinent to the proposed waste unit . 

Some localized landslide deposits and thin layers of colluvial soils are also present at the site 
(EMCON, 1996). These deposits have generally been excavated or covered during the deposition of 
municipal waste . Some of those younger deposits are still visible on the edges of the landfill. 

A number of tests have been conducted by prior investigators, including laboratory-based 
evaluations of hydraulic conductivity and field tests of wells and piezometers. A summary of the 
laboratory assessments of hydraulic conductivity are included in Table 2, however the EMCON 
(1996) document from which some of the data are obtained does not include any analytical reports. 
The source of their summary values is not clear, but the data probably represent the results of all of 
the laboratory analyses and field investigations. It appears that only one sample of the bentonite 
was tested for hydraulic conductivity. Great West Engineering submitted an additional sample of 
the bentonite for analysis. EMCON/OWT, Inc. (2002) contains the hydraulic conductivity values of 
the colluvium (also referred to as "cover soil" and "CAH" in other publications) that was used as final 
cover for a portion of the Billings landfill. These soils were recompacted to 90 percent of standard 
Proctor moisture analysis and were analyzed by EMCON/OWT for permeability. 
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Table 1 - Summary of climatic data from the Billln1s, Montana Airport 

--- -- ---- -- ----- - - ------ --- ---- ------ ----------

J: F·: r·,r L:r .. I .·) •. I ;. ; '.:'·;) 1': I r. I [. 1".-n;.11 

Average Max. 
Temperature (F) 32.7 39 46 56.8 671 76.8 86.5 85.1 72.6 60.3 44.9 36 58 7 

Average Min. 
Temperature (F) 14.2 19.5 25 34 43.4 51.7 58.3 56.8 47 37.3 26 18.2 35.9 

Average Total 
Precipitation (in.) 0.74 0.61 1.07 1.8 2.26 2.08 1.1 0.85 1.28 1.14 0.72 0.64 14.29 

Average Total 
SnowFall gn.) 9.8 7 9.8 8.9 1.7 0 0 0 4 6.5 8.3 57 

II yd rogcology 

Oamschen & Associates (1991) and EM CON (1996) report the presence of three distinct 
hydrostratigraphic units at the Billings landfill. These are a shale bedrock unit, a colluvial unit, and 
an alluvial/landslide unit. The latter two are unconsolidated. Moisture migration in the shale 
bedrock unit is apparently controlled by fractures and bedding planes. The groundwater monitoring 
wells are located in shale, which probably belongs to the Cretaceous-aged Belle Fourche formation . 
The Greenhorn formation also occurs at the landfill, but overlies the Belle Fourche and its thickness 
at the facility has not been delineated. The colluvial and alluvial/landslide units host small quantities 
of locally-infiltrating water. The groundwater in these units tend to move laterally atop the shale 
bedrock unit, and, in places, infiltrates into that unit. 

In general, recharge is thought to be local, with the shale bedrock unit being recharged in the low 
ridge on the south end of the landfill. Previous investigators have suggested that groundwater 
eventually discharges to the alluvial and fluvial deposits related to the Yellowstone River some 2,000 
feet north of the facility. The groundwater flow in this unit appears to be toward the northeast with 
an estimated seepage velocity of 0.002 to 0.1 feet per day (ft/day), as reported by EMCON (1996). 
The horizontal flux through the unit was estimated presuming an average hydraulic conductivity of 
0.1 ft/day, an average hydraulic gradient of 0.07. These calculations were based upon on-site slug 
tests, measured hydraulic gradients, literature values for porosity, and information provided in 
Reiten (1992). The EMCON report does not specifically reference the data used for these 
calculations, but appears to use low and high values to establish the ranges presented. Those 
previous investigators also suggest that the groundwater flow south of the Phase 1 and 2 areas is 
toward the south. 

The most-recent investigation (Appendix A; Figure 2) did not reveal the presence of groundwater 
within 50 feet below the existing surface, to an elevation of approximately 3,320 feet MSL in the 
boring dubbed DH-1. Groundwater flow maps imply that groundwater should occur at an elevation 
of about 3,330 feet MSL. Likewise, boring DH-3 was completed to a depth to about 3,368 feet MSL, 
with groundwater being mapped at elevations between 3,400 and 3,450 feet MSL. Groundwater is 
mapped at an elevation of about 3,300 feet elevation near boring DH-2, which was drilled to a depth 
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of about 3,310 feet MSL. It is possible that boring DH-2 did not achieve sufficient depth to 
encounter groundwater. However, borings OH-1 and -3 would have encountered groundwater if it 
occurred as the existing maps Indicate. The nearest groundwater monitoring well {DH-91-16) is over 
2,500 west-southwest of boring DH-3. The water level in that well is reported to be about 3,464 feet 
MSL. 

If groundwater was contiguous across the site, some evidence of it should have been discovered in 
the 2012 site investigation. The subsurface consists of exclusively fine-grained material, most of 
which does not transmit water efficiently. Water could possibly move through fractures or bedding 
planes, but the recent drilling indicates that those structures are commonly filled with bentonite. It 
is highly unlikely that groundwater underlies the entire facility in anything resembling a contiguous 
aquifer. More likely, groundwater seeps through preferred pathways that are difficult to predict. 

The existing Information suggests that groundwater is contained within either locally-derived, 
unconsolidated deposits or the Belle Fourche shale. Even though the groundwater is presumed to 
have a local recharge source, the quality is very poor, owing to the nature of the water-bearing 
units. The results from groundwater monitoring at the facility include chloride values from 100 to 
nearly 1,000 milligrams per liter (mg/L), sulfate concentrations in excess of 13,000 mg/L, and specific 
conductance values approaching 20,000 micromhos per centimeter. If the value of the groundwater 
to humans is to be taken Into consideration, then the potential for any application is very low. 

Perhaps the most telling evidence for the argument against the presence of any viable groundwater 
resources is the paucity of wells in the Belle Fourche shale. There are dozens of residences off of 
Hillcrest Road, within two miles of the landfill, and none of them have wells. The only wells noted in 
the GWIC database are shallow ranch wells located in the bottom of a coulee. We consider the Belle 
Fourche shale to be an aquitard. 

Pha~c 5 Soil Properties 

Three test borings drilled within and proximal to the Phase 5 waste unit revealed the presence of 
mostly shale belonging to the Belle Fourche formation. Bentonite occurred in scattered locations as 
fracture fillings and thin seams. Two thin beds (two feet or less) of bentonite occurred in the hole 
designated as DH-3. That test boring was completed to a depth of 90 feet and was situated at the 
south end of the facility, just outside of the lined waste cell limit. Those beds, if they continue 
northward, will be excavated over most of the Phase 3 unit. 

The moisture content of the samples ranged from 6.5 to 10.6 percent by weight, with one exception 
(Table 3). The interval at 15-20 feet in DH-1, which was drilled in the northern part of the cell base, 
had a moisture content approaching 20 percent. That Table 2 - Summary of Hydraulic Conductivity 
values of subsurface and surface soils at the City of Billings, Montana landfill. 

CITY OF BIUINGS I Phase 5 Alternative liner Demonstration 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

Table 2 · Summary of Hydraulic Conductivity 

OH-1 J!:tiase Ill cell) I Claystone 
I 

OH-2 ~hase Ill cell) ______ +--16_·_1_9_ Cla tone 

DH-3 (phase 1~1_._1) _____ ___,l._1_5_-_18 __ 
1
_c_1a ..... ys_to_n_e 

DH-7 (Phase Ill cell} 22 • 25 Cla stone 
r Average of 35 Sample_s_, U- n-di-stu- rbed---...---'-----+---' I From Final Cover Surface 

OH-2 2.2 • 12.2 

Colluvium CAH 

Cla 
r - -------+--
o H -s 2.4. 12.4 Cla 

[ OH-6 ____ _____ -T-8_.o • 8.5 
1 

Cla 

r OH-1 22.6 - 32.1 Shale 

r OH-5 I 22.5 • 24~ Shale . --
DH-5 

OH-90-3 

OH-90-4 

DH-90-5 

r Cell~sure 

33.3 • 40.3

1 

Shale 

143.5 - 44.0 Bentonite 

-------+ 30.0 - 40.~ Sand Mudstone 

40.0 • 50.0 I Shale 

T Surface Bentonite 

32 Unknown Locations 0.5 • 1.67 Various -------! 

Unknown unknown Shale 
-t--

Unknown (same as OH-90-3?1 unknown Bentonite 

0 lndicated samples remolded to 90 percent of optimum motsture/dens1ty, 

Re molded 

Remolded 

Remolded 

Re molded 
On-Site 
Recom acted 

Remolded 

Remolded 

Undisturbed 

I Remolded 

Undisturbed 

In-situ 

Undisturbed 

In-situ 

In-situ 

Remolded 

In-situ i Various 

Various 

In-situ data from slug tests or Guelph permeameler tests performed in indicated well 
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3.80E--09 

1.90E-09 

1.90E-09 

3.10E-09 

6.SOE-08 

2.00E-04 -------i 
6.00E-07 

1.00E-06 

5.00E-07 

2.00E-05 

3.00E-06 

4.00E-09 

8.00E-07 

4.00E-07 

5.44E-10 

1.97E-06 · 6.38E-03 

4.00E-07 • 3.00E-06 

4.00E--09 1 

p l 17 



-------------------

97 63.8 32.9 43 19 24 

102.9 19.6 19.7 4.64E-07 0.410 

98 623 35.4 44 18 26 

9 5.94E-09 0.258 

99 52.2 47 59 19 40 

10 7.12E-09 0.270 

94 37.7 55.3 67 20 47 10.6 2.56E-09 0.279 

97 60.3 36.7 43 19 24 

9.9 7.87E-09 0.288 

93 47.8 45.3 45 18 27 7.3 5.89E-09 0.259 

95 57.3 38 42 19 23 6.5 3.83E-11 0.142 

DH-3 70-75' 2 98 59.2 39.2 48 20 28 7.3 7.16E-11 0.186 

DH-3 85-90' 99 68.2 31 55 22 33 7.6 2.19E-11 0.190 

mean values 3.7 96.7 56.5 40.1 49.6 19.3 30.2 9.8 USE-08 4.39E-11 0.254 
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area had been used as a borrow source for daily cover, is relatively flat, and receives moisture from a 
large portion of the proposed waste cell area. The higher moisture content is presumably due to surf ace 
infiltration in disturbed soil. 

The shale consists of 94 to 99 percent fines (passing the -200 sieve). One sample, from DH-1, underwent 
moisture-density relationship testing and was found to have a maximum dry density of 102.9 pounds 
per cubic foot and an optimum compaction moisture content of 19.7 percent. 

Four soils samples from test boring DH-1 and two samples from boring DH-2 were recompacted to 95 
percent of standard Proctor and tested for saturated hydraulic conductivity. The results ranged from 
2.56 x 10-9 to 4.64 x 10-7 centimeters per second (cm/sec). However, the fastest value was produced 
by a sample from 15-20 feet below the surface in DH-1. All of the other recompacted samples exhibited 
hydraulic conductivities in the 10-9 cm/sec range. Three core samples from boring DH-3 also underwent 
testing for hydraulic conductivity. Those undisturbed samples returned values In the 10-11 cm/sec 
range . Please note that the "core" samples were drilled cores, not driven split-spoon samples. We feel 
that the cored samples are perhaps the best reflection of the physical properties of the shale because 
they were not subjected to any additional compaction or other physical manipulation during the 
collection process. 

The Phase 5 footprint area is the source of borrow material used for the construction of the Phase 2 
closure. The material was tested extensively during that process, with the analyses including nearly 60 
sieve samples. seven hydrometer grain-size tests, and over 100 in-place density tests. The in-place 
density tests, however, are not representative of in-situ material because the subject soils were not 
highly recompacted . Analyses conducted on the material prior to placement was completed on samples 
recompacted to 85 percent of standard Proctor values, and resulted in bulk densities on the order of 87 
pounds per cubic foot (pcf) or 1.40 grams per cubic centimeter (g/cm3). The hydraulic conductivities of 
two samples recompacted to 85 percent of standard Proctor values were 3.4 x 10-5 and 8.0 x 10-6 
cm/sec. The average of five laboratory-tested composite samples of the cover material recompacted to 
85 percent of standard Proctor value was 1.38 g/cm3, or 87.4 pcf. The recompacted saturated hydraulic 
conductivity of those same samples ranged from 5.4 x 10-6 to 2.5 x lo-4 cm/sec. 

Again, the sample analyses from the Phase 2 closure construction testing either do not represent in-situ, 
undisturbed soil, or they represent tests conducted at a considerably lower recompaction rate. The 
average dry bulk density value of the 2012 testing of 1.65 g/cm3, when compared to the 1.38 to 1.40 
g/cm3 value of the construction soils, appears reasonable. Also, the saturated hydraulic conductivity of 
the Phase 5 testing shows results consistently lower than those produced by the construction soils. 
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Liner Design 

The unit covers about 15 acres, with about 20 percent of the cell comprising side slopes. The proposed 
liner (Figure 3) on the sideslopes consists of, from top to bottom, 24 inches of native soil cover, a 16-
ounce non-woven fabric, 60 mil HOPE liner with two-sided texture, and native soil. The base will have 
16 inches of gravel as protection for the liner. Native soil that is not suitable for compaction will be 
excavated to a depth of six inches and replaced with appropriately-compacted soil. The sides of the 
waste unit will generally be a 4:1 slope and the slope of the base range from 6 to 10 percent. The 
dimensions of the Phase 5 waste unit are shown on Figure 4. The cell will be filled with five- to ten-foot 
lifts of waste to a full thickness of 125 feet. 

Phase 5 will essentially serve as the side of an adjoining cell that will be designed in the future. The 
Phase 5 unit will ultimately have about 125 feet of waste, daily cover, and intermediate cover. 
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Design Criter ia Evaluation 

Introduction 

The Administrative Rules of Montana 17.S0.1204 (1) states that "An owner of operator of a new Class II 
or Class IV landfill unit or a lateral expansion of of an existing Class II or Class IV landfill unit may 
construct it only if the owner or operator has obtained department approval of a design that either: (a) 
ensures that the concentration values listed in Table 1 of this rule will not be exceeded at the relevant 
point of compliance, or, (b) utilizes a composite liner and a leachate collection and removal system that 
is designed and constructed to maintain less than a 30-cm depth of leachate over the liner." The 
proposed liner system at the Billings facility will have a leachate collection and removal system, but the 
liner design does not meet the definition of "composite liner" outlined in ARM 17.S0.1202 (S). That 
definition states that a "Composite liner" means a system of two components, including a flexible 
membrane underlain by at least two feet of clay recompacted to a hydraulic conductivity of no less than 
1 x 10·1 cm/ sec. The base proposed to underlie the 60-mil HOPE liner at t~e facility is designed to be 
either appropriately-compacted native soil or six inches of recompacted native soil, therefore, the 
owner or operator must ensure that the conditions of 17.50.1204 (1) (a) are met. The condit ions of 
rules differ from the previous regulations, in that the old rules prescribed a specific set of design criteria 
that would be equivalent to those prescribed In the federal Sub-Title D rule. With that language absent, 
it is the responsibility of the owner or operator to insure that the constituents in Table 1 will not be 
exceeded in groundwater at the relevant point of compliance. 

The objective of this evaluation is to demonstrate that the constituents listed in Table 1 will not be 
exceeded at the relevant point(s) of compliance at the Billings Regional Landfill. The points of 
compliance, for the purpose of this investigation, are assumed to be the down-gradient edge of the 
licensed facility. The limit of Table 1 concentrations in groundwater are defined by the limits set in the 
Montana Department of Environmental Quality Circular 7 for groundwater. 

The geology of the site is such that leachate would be unlikely to migrate very far or very fast. Well­
compacted shale with a 30 to SS percent clay fraction cannot be considered as a potentially robust 
aquifer. We feel, consequently, that gaseous diffusion would appear to be the most probable process 
by which contaminants could reach groundwater. Previous analyses for Phases 3 and 4 have 
demonstrated that fluid migration through the shale bedrock is not a viable pathway for contaminants 
for exceptionally long periods of time. 

Background a nd A sumplions 

An investigation of chemical migration through saturated and unsaturated media needs to take into 
account a rather large number of real and potential conditions. Among those elements are: volume 
and chemical character of leachate; potential head of the leachate over the liner; st ructural 
competency of the flexible membrane; permeability and attenuation characteristics of the liner 
system, and; permeability and attenuation characteristics of the soil between the liner system and 
the uppermost aquifer. Some of these elements are impossible to measure in a system that has not 
been constructed, therefore, one must rely on information ava ilable in published literature. 
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In the case of the Bill ings Regional Landfill landfill, extensive studies of the soils and groundwater 
have already been conducted. The subsurface conditions can be reasonably well characterized and, 
in many instances, quantified. The geotechnical study completed for this demonstration (Appendix 
A) provides important physical characterist ics of the soil and groundwater within and proximal to 
the Phase S unit. 

Ch.tr .1cle 11-.ticc; o f Line r '>}ste m Compone nts 

The liner system at the Billings Regional Landfill, as outlined above, includes a flexible membrane 
liner, an underlying native or recompacted clay layer, and a leachate collection and removal system. 
In addition to the engineered system, some investigators (Rowe and Brachman, 2004; Lake and 
Rowe, 2005; Rowe, 2005) suggest that the protective value of natural or engineered soil between 
the liner and the top of the uppermost aquifer is an integral part of the system. In the case of this 
investigation, that attenuation layer consists of the naturally-occurring sediments in the Oligocene­
aged deposits underlying the facility. 

11111•1 J /euhf, '\ f111•fJ111111' 

For the purposes of this investigation, the 60-mil HOPE flexible membrane is assumed to be well­
placed, with an average of one hole having a radius of 0.00564 meters (or an area of 98.5 square 
millimeters; 0.153 square inches) per acre, which, according to Rowe and Brachman (2004), is a 
reasonable assumption. The permeability characteristics of the HOPE membrane are assumed to be 
similar to those described by Rowe and Brachman (2004), Rowe (2005) and Lake and Rowe (2005). 

I J, 1 /•,f111 hr,/ (11 Ne ,, • .,,, / '·,J 111111' \wl 

The native soil proposed for the barrier layer beneath the flexible membrane liner (FML) is assumed 
to have a hydraulic conductivity no greater than 1x10-7 cm/sec, which is the regulatory standard 
for a recompacted soil liner. One of the four soil samples taken for this study did not meet that 
standard when recompacted to 95 percent of Standard Proctor compaction. However, the other 
three samples returned values of 2.56 to 7 .12 x 10-9 cm/sec. The geometric mean of those four 
values is 1.49 x 10-8 cm/sec. 

The data from both Table 2 and 3 supports the use of 1 x 10-7 cm/sec as a conservative value. Four 
samples of recompacted claystone from the base of Phase 3 averaged 2.68 x 10·9 cm/sec and an 
average of 35 samples obtained from the final cover used for a large portion of the landfill yielded 
an average recompacted hydraulic conductivity of 6.5 x 10·8 cm/sec. 

\
1

( '11110//fl/1/11\ l'I 

The attenuation layer for modeling purposes is accepted to be the native soil lying between the base 
of the engineered liner and the top of the uppermost aquifer. In this case, that thickness is 
problematic, because no groundwater was detected at the elevat ions where it is mapped. The 
absence of groundwater in the Phase 5 area is discussed in a previous section. 

We also note that a test boring drilled in the lower end of the Phase 3 cell in 2007 (OH-8; Tetra Tech, 
Inc., 2007) was terminated at depth of 60 feet, at an elevation of 3,171 feet MSL. No groundwater 
was encountered in that test boring. A groundwater monitoring well about 900 feet northeast of 
that location (well OH-91-17) is reported to have a static water level of about 3, 190 feet MSL. That 
well is completed in "dark gray shale" noted as the Frontier formation. More-recent geological 
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mapping has confirmed that the rock is considered to be the Belle Fourche formation . Groundwater 
maps indicate that groundwater should have been detected in test boring OH-8 at an elevation of 
about 3,225 feet MSL. 

The nearest water well registered with the Montana Ground Water Information Center for domestic 
use lies about three-quarters of a mile to the west-southwest of the landfill, in Section 31 (the 
HStratton" well, GWIC #94193) . That well is over 1,200 feet deep and appears to traverse the Belle 
Fourche formation, the Mowry shale and the Thermopolis shale into either the Fall River sandstone 
or the Kootenai formation. It is reported to be a flowing well. 

Clearly, groundwater does not underlie the entire facility in a single discrete aquifer within 1,000 
feet of the ground surface. The HStratton" well west of the landfill taps a water-bearing zone that 
can be considered as a regional aquifer. As noted in the previous section discussing the site 
hydrogeology, recharge in the colluvium, landslide deposits and the shale is considered to be local. 
Phase 5 lies near the top of a low ridge and is underlain by the Belle Fourche shale. The fact that 
groundwater is not found everywhere across the unit or the site is not unusual. Precipitation is 
relatively low, the permeability of the substrate Is exceptionally low, interstices and fractures In the 
substrate are commonly filled with bentonite, and weathered bedrock tends to form a clay-rich 
regolith that is not able to transmit large volumes of moisture. 

Given these conditions, the thickness of the attenuation layer can be viewed in a number of ways. 
With respect to gaseous diffusion, the nearest groundwater that could impact human health and 
safety lies over 1,000 feet below the surface. From the perspective of the groundwater monitoring 
system, however, groundwater beneath the waste unit that might migrate to a point of compliance 
needs to be considered. But, there is no shallow groundwater underlying the Phase 5 site at the 
depths indicated by the monitoring reports submitted to the Department. Therefore, an alternative 
approach is required. Lacking a clear presence of shallow groundwater, then, we assume that the 
attenuation layer would comprise the material between the base of the liner system to a depth 
equal to that of the highest groundwater elevation found at the down-gradient point of compliance. 
The highest elevation of groundwater at the down-gradient side of the facility is about 3,194.5 feet 
MSL. The lowest point of the base of the Phase 5 unit will be at an elevation of approximately 3,375 
ft MSL. Therefore, the attenuation layer for the model is assumed to be 180 feet. 

Ac(lftfet rJ>c•t ']r(Prt ftr 

Groundwater occurs in relatively thin zones within three different geological materials. For the 
purposes of this investigation, only the groundwater in the Belle Fourche shale will be considered, 
since the other two potential water-bearing formations overlie the shale. 

As noted by previous investigators (Damschen & Associates, 1991; EMCON, 1996), groundwater In 
the shale does not occur in a discrete formation beneath the entire facility. The existing 
groundwater monitoring network appears to tap at least one water-bearing zone related to the 
Belle Fourche shale. Water migrates through fractures and/or bedding planes over a zone less than 
three feet thick. 

l..rndf111 Le.1cha te Ch .tr<i c tc.· ri~li cs 
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Landfill leachate chemistry is dependent upon the nature of the waste, climatic influences, and the 
age of the waste (Klinck and Stuart, 1999; Bonaparte and others, 2002). Nationally, municipal solid 
waste landfill leachate from landfills constructed after 1990 is slightly acid, with very high specific 
conductance (>3, 700 umhos/cm) and high total dissolved solids (>2, 700 milligrams per liter; mg/L; 
Bonaparte and others, 2002). 

1,.,,, ,,,11111 ( (JIJ I lf'"'fl/\ 

The predominate dissolved solids are typically chloride, sulfate, calcium, magnesium and sodium 
(Klinck and Stuart, 1999; Bonaparte and others, 2002),. Heavy metals occur in post-1990 landfills 
typically in excess of maximum contaminant levels (MCLs) established by the U.S. EPA and state 
agencies. For example, the average concentration of arsenic in post-1990 landfill leachate for 22 
U.S. landfills was 23 micrograms per liter (ug/L; Bonaparte and others, 2002). The Montana Human 
Health Standard for arsenic in drinking water is 10 ug/L. The average lead concentration in leachate 
is on the order of 15 ug/L (Bonaparte and others, 2002), which equals the Montana Human Health 
Standard in groundwater. Samples of leachate collected from a landfill in north-central Montana in 
1995 and 1997, within three years of the first acceptance of waste, contained sulfate (130 and 210 
milligrams per liter; mg/L), chloride (7 and 19 mg/L), nitrate (1.39 and 1.18 mg/L) and iron (0.03 and 
0.07 mg/L). We consider these analyses to be somewhat atypical because they most likely reflect a 
fair amount of dilution resulting from the relatively thin waste cover. The sample from 1995 
represents water that collected while there was no waste on a large portion of the cell. The later 
sample was collected after a large precipitation event when there was less than four feet of total 
waste cover on the cell. Very little leachate was produced in the year between the collection dates 
of the two samples. 

Certain organic compounds can capture inorganic ions and move them in solution through soil, but 
most dissolved polar ions are susceptible to at least some level attenuation in the vadose zone. The 
Billings facility is underlain by soils dominated by fine-gra ined material, of which clay constitutes an 
average of over 25 percent by mass (Table 1) and for which the mean plasticity index is over 55. 
While the estimated porosity is fairly high {Table 1), the high percentage of fines and generally poor 
sorting of the sediments will lead to a fa irly high tortuosity (Fetter, 1988), increasing the attenuation 
factor. 

11/l/fl/1 ()1 I"" ( 111n1 • • I 

Bonaparte and others (2002) report average concentrations of volatile organic compounds (VOCs) to 
be wide-ranging, with most not detected at over 50 percent of landfills investigated. Klett and 
others (2005) report a wide variety of concentrations of voes in samples of leachate from facilities 
in Wisconsin, ranging from nearly 90 percent of 49 landfills reporting the presence of toluene to 
two percent reporting the presence of bromomethane and trans-1,2-dichloroethene. It is important 
to note that the values reported by Klett and others (2005) represent lined facilit ies dating back to 
1985, so there is a possibility that some mixed waste landfilling occurred at some sites. 

Rowe (2005) has noted that ions and compounds w ith larger molecular diameters are generally 
actively attenuated from landfill leachate by clay barriers and/or attenuation layers. Polar Ions are 
adsorbed onto substrate particles or simply prevented from migrating due to the tortuosity and 
small pore matrix of clay barriers and soils. In cases where leachate successfully migrates through a 
barrier system, the larger-diameter ions and compounds are adsorbed by the substrate particles or 
otherwise attenuated. In addition, leaks in a reasonably well-constructed geomembrane will tend to 
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spread over a relatively large area rather than penetrate the clay barrier at specific leak points that 
would result in stochastic flow. That process essentially reduces the potential head and increases 
the surface area of the infiltration. In short, unless a barrier system suffers from a serious failure at 
a point of high leachate head, the potential for significant quantities of leachate to breach the liner 
and migrate to a water-bearing stratum is relatively low. Conversely, poorly-constructed 
membranes that have numerous hole and wrinkles are susceptible to considerable leakage, 
particularly if clogging of the drainage layer occurs because of insufficient thickness and/or 
permeability. 

I eoc hotc Volume 

The Billings facility has a leachate collection system that drains 18 acres in Phases 3 and 4. The 
facility recirculated approximately 50,000 gallons of leachate from their collection pond in 2011. 
That leachate was applied back onto Phases 3 and 4, where the bulk of the gas extraction is 
occurring. However, moisture from the gas-extraction plant is being applied to the Phase 3 unit via 
a horizontal Injection well. The gas-extraction plant operator estimates that the process Injected 
some 120,200 gallons of moisture from the concentrator into Phase 3. Given that the leachate 
collection pond has received only 50,000 gallons of leachate, along with the potential for 
summertime evaporation from the pond, the leachate production appears to be a net loss. A 
temporal aspect of this process may come into play, however. The condensate may be distributed 
throughout what was relatively dry waste. The landfill Gas Condensate and Leachate Recirculation 
Plan (Wenck Associates, Inc., 2010, unpublished) contains information regarding the waste moisture 
content In Phases 1 and 2. The authors of the plan assume a default moisture content value for 
municipal solid waste of 15 percent by weight. The test data show that the actual moisture content 
varies considerably throughout the vertical profile of the Phase 1 and 2 areas, with some samples 
returning moisture contents below six percent. Much of the condensate is apparently being 
absorbed by waste, but the cells are still producing considerably more leachate than they did prior 
to the injection of the condensate. The operators of the facility report that Phases 3 and 4 produced 
less than 10,000 gallons of leachate annually prior to the construction of the gas extraction plant 
(pers. comm., Barbara Butler, City of Billings Environmental Coordinator). As of yet, the moisture 
being recirculated in Phases 3 and 4 have not yet reached a point of equilibrium. 

L..rnclfill Gas Characteristics 

The Billings Regional Landfill has complied with the EPA and Montana requirements regarding the 
estimation of the production of gaseous non-methane organic chemicals (NMOC). The last NMOC 
testing was undertaken in 2007, and the data were applied to the EPA LandGEM model. The model 
uses average analytical values generated from multiple sampling points across the facility. That 
model assumes that NMOC concentrations constitute 0.178 percent by mass of total landfill gas 
produced. The results of the 2007 model predicted the total mass of landfill gas produced in 2011 
to be 23,620 tons (1.719 x 107 cubic meters). The model also pred icted an NMOC mass of 42.1 tons 
(10,680 cubic meters). 

We feel it important to point out that the values produced by the LandGEM model may be gross 
over-estimates of gas production. The US Environmental Protection Agency, which produced the 
LandGEM model, also requires that landfills of a certain minimum size report the potential 
production of greenhouse gases, including methane, on an annual basis. The spreadsheet 
calculators provided for the agency provide a standard process by which facility operators may 
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calculate methane production. Those spreadsheet results are, in this case, based on exactly the 
same waste-in-place masses as the LandGEM model. However, they produce very different results. 
The LandGEM model predicts that the Billings Regional Landfill is producing over 21,000 metric tons 
of methane annually. The Greenhouse Gas Reporting (GHG) process estimates that value to be 
about 4,000 metric tons. We have chosen to use the LandGEM values in an attempt to be 
conservative in our modeling inputs. If the GHG values are correct, we have over-estimated the 
production of landfill gas and its related NMOC constituents by an order of magnitude. 

Additional details of the landfill gas characteristics are discussed further in a subsequent section of 
this document. 
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Modeling 

General Background and As!>umpllon!> 

The 2010 changes in Montana regulations have demanded a somewhat different approach to the 
evaluation of alternative liners. ARM 17.50.1202 (5) provides for a "prescriptive" liner design and 
conditions for the implementation of a leachate collection system. In the case of the Billings Regional 
Landfill, the proposed liner design differs with the prescribed liner primarily in that the recompacted soil 
base is replaced either by native soil or six inches of recompacted soil. While the design includes an 
HOPE liner of the appropriate thickness and a leachate collection system that will minimize standing 
head on the liner to 30 centimeters (cm; one foot), the barrier layer below the geomembrane does not 
meet the two-foot thickness requirement. Therefore, the conditions of ARM 17.50.1204 (l){a) must be 
met. Those conditions require that the owner/operator ensure that the concentration values listed in 
Table 1 will not be exceeded at the relevant point of compliance in the uppermost aquifer. In order to 
demonstrate that the proposed liner will meet those condit ions, the DEQ guidance proposes a three­
step approach to the investigation and regulatory approval of an alternative liner. If the proposed liner 
system is a composite system that includes an approved geomembrane (flexible membrane liner) and 
leachate collection system, then the liner system must be shown to be as effective as the prescribed 
system at its base with regard to transmission of the ARM 17 .50.1200 Table 1 constituents. If that 
cannot be demonstrated successfully, then further investigat ions must be undertaken to demonstrate 
that the Table 1 constituents will not exceed regulatory standards at the relevant point of compliance 
within a period of time of at least the life of the landfill plus its minimum post-closure period of 30 years. 

The geology of the attenuation layer involves shale having an average porosity of 0.254 and a moisture 
content of 9.8 percent (Table 3). The geometric mean of all the hydraulic conductivity tests is 1.73 x 10-
9 cm/sec. Using those assumptions, the seepage velocity (based on a hydraulic gradient of unity) would 
be 6.81 x 10-9 cm/sec, or 1.931 x 10-5 feet per day (ft/day). A very simple time-of-travel calculation 
through the 180-foot thick attenuation zone, then, yields a value of over 25,500 years. However, since 
moisture appears to travel along preferential flow paths, that value is not realistic. It still offers a sense 
of the hydraulic conditions in the attenuation layer. With a porosity of 0.254 and a moisture content of 
about 10 percent, even relatively small volumes of water traveling along bedding planes would require 
considerable periods of time to saturate any part of the attenuation layer. This concept is supported by 
the demonstrated absence of water-bearing zones over most of the facility. 

We are of the opinion that a much greater risk to groundwater is the diffusion ofVOCs from landfill 
leachate and, even more critically, landfill gas. Fluid can only move via advectlon through defects in the 
liner or degradation of the geomembrane over time and, in either event, it still has to migrate through 
many tens of feet of clay-rich soil. Gases, however, can diffuse through intact geomembranes, 
recompacted clay liners, and naturally-occurring soil (Carpenter and others, 1993; Hoffman and 
Chiarappa, 1998; Rowe and Brachman, 2004; Lake and Rowe, 2005; Stark and Choi, 2005; Rima I and 
Rowe, 2009). 
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Based on all of the above criteria and observations, we selected the POLLUTE (T} V. 7 software to model 
the potential migration of contaminants. The model has a 15-year history, and functions on the 
integration of data to develop rates of flow and contaminant concentrations based on diffusion. 

MoJel l npul VJIUL'~ ------

The following section describes and qualifies the POLLUTE v.7 Inputs. We developed two models, one 
for the composite liner as described in ARM 17.50.1402 and one for the proposed design. Many aspects 
of both models are the same, such as initial voe concentrations, attenuation layer characteristics, etc. 
Differences between the two models are called out in the descriptions for each input. However, prior to 
describing the inputs, a consideration of some bases and rationale for certain input values is warranted. 

Perhaps the most critical element of a diffusion model involves the chemical of concern (eOC). The 
source concentration is an important aspect of the model, but the diffusivity of the selected eoe across 
a given barrier is also critical. The following discussion presents the reasoning for the selection of 
certain model inputs specifically regarding the eoc. 

Table 1 of ARM 17.51.1204 presents a group of voes that constitute eoes for which maximum 
contaminant limits (Mels) cannot be exceeded. Perhaps the most logical target in that list for 
estimation of concentrations at the relevant point of compliance (RPOC) is vinyl chloride (VC). Vinyl 
chloride has a low maximum contaminant level (2 ug/L}, a low minimum reporting level (0.5 ug/L) and 
considered to be a carcinogen of significant risk. However, vinyl chloride is rarely, if ever, introduced to 
MSW as a compound because it is highly volatile, difficult to contain and very flammable. More 
commonly, vinyl chloride is a biodegradation product of other voes. Tetrachloroethene (PeE) and 
trichloroethane (TeA) are well-known sources for ve, as they can be the parent chemicals that degrade 
to 1,1,1-trichloroethene (TeE), cis- and trans-1,2-dichloroethene (c-1,2-DeE, t-1,2-DeE}, 1,1-
dichloroethene (1,1-DeE}, to ve. Soltani-Ahmadi (2000) lists EPA-derived averages of various voes 
measured in landfill gas samples in the US, noting concentrations of PeE (1.19 ppmv = 10.4 ug/L, at 48 
sites), TeE (0.381 ppmv = 13.l ug/L, at 48 sites), t-1,2-0eE (0.051 ppmv = 7 .7 ug/L, at one site}, DeE 
(0.092 ppmv = 3.7 ug/L, at 45 sites), and vinyl chloride (1.08 ppmv = 2.8 ug/L, at 46 sites) . 

The authors cited above also note that the concentrations of voes in NMOe gas are variable over time 
and, over the very long term, voe generation will become a very small part of the landfill gas. The 
implication is that the volatile nature of the eoes is such that they tend to find migration routes out of 
the waste pile, most probably via diffusion. The degradation of certain synthetic material, particularly 
since there is a fixed mass of waste at the point of facility closure, the voe fraction of the waste will 
eventually decline. 

Hoffman and ehiarappa (1998) and Hoffman and others (1999) conducted studies of voe migration 
relative to the tortuosity of various unconsolidated sediments, which impact diffusion rates through soil. 
Those studies yielded a range of a retardation factors that reduced diffusion time through soils by 0.2 to 
0.8. Tortuosity is not directly considered in the POLLUTE model. 

An additional factor of sorption plays into the diffusion process, with clay particles and organic content 
acting to remove some organic constituents from water and gas. The POLLUTE model can apply a 
distribution coefficient to accommodate that aspect of the diffusion process. 

CITY OF BILLINGS I Phase 5 Alternabve Liner Demonstration r.. l ~ 119 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

Scheutz (2002) notes that methanotrophic bacteria in landfill soil covers are able to co-oxidize large 
quantities of voes, in some cases to the point of non-detection. Oxidation processes will dechlorinate 
the dichloroethene isomers and vinyl chloride, but reducing environments are more effective in the 
dechlorination of larger halogenated carbon compounds. 

Since the effective diffusion value differs for various voes, and since the physical characteristics of the 
soil affect the diffusivity of the gas, the POLLUTE model attempts to develop a flux by using the effective 
porosity and bulk density of the model soil. 

The POLLUTE model does not account for any chemical processes that might occur in either vapor or 
solute phase in the linear calculations. That ls, the dechlorination of PCE to VC cannot be 
accommodated unless the non-linear sorption or passive sink options are engaged. 

General Background .rnd A~su mptions 

Both the site-specific model and the prescribed design model consist of a geomembrane (GM) 
underlain by a clay soil layer. Both assume there is an aquifer w ith an overlying aquitard. 

Source 

The source concentrations of voes in landfill leachate and landfill gas are an important point of 
discussion. The POUUTE model allows several options based primarily on voe concentration and 
landfill size. The model can be run using either a constant source concentration or a finite mass of 
voe in the waste . If the finite mass is used, additional input data or assumptions are required from 
the user. 

The Billings Regional Landfill conducted a ner II NMOe evaluation in 2007. The objective of the 
evaluation is to determine if the facility will reach a threshold of non-methane gas generation that 
would trigger the installation of a gas-capture system that would eliminate fugitive emissions. The 
evaluation consisted of sampling 51 locations within the waste, analyzing the gas samples, 
correcting the nitrogen and oxygen contents of the samples, determining the non-methane 
concentration of the gas, and applying the resultant data to the LandGEM model as a means of 
estimating future production of NMOC gases. The Billings landfill has a design capacity that exceeds 
the number of years allowed in the LandGEM model. The model, by default, allows the evaluation 
to continue for 80 years, two years short of the anticipated lifespan of the Billings facility. 
Predictions, therefore, are only available up to the year 2048. We feel that, for the purposes of this 
investigation, that is a sufficiently long model period. 

The LandGEM model includes an option to predict specific voes. That option is based on EPA 
estimates of voe concentrations in landfill gas derived from their own studies and lite rature-based 
data. In the case of the Billings facility, LandGEM predicts the vinyl chloride production at the 
facility in 2048 to be 1.036 tons (0.9422 megagrams; Mg) or 326 cubic meters (m3: Appendix B). 

The POLLUTE model requires an input in terms of mass per unit volume. For the year 2048 the 
LandGEM model predicts a total of 4.965 x 107 m3 and a vinyl chloride mass of 1.036 Mg. The 
concentration of vinyl chloride, then is 9.433 x 1011 micrograms (ug) divided by 4.965 x 1010 liters (L), 
or 19 ug/L. 
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This parameter involves the length of the landfill parallel to the direction of flow of the leachate 
collection system, which, in this case, is 950 feet. 

\IJ/11 ( t Ii fl• 

Two different inputs are allowed: a constant concentration, or; a finite mass. The constant 
concentration opt ion assumes that the concentration of the COC remains constant over the span of 
the model run. The finite mass option requires inputs for waste thickness, which, according the 
facility master plan, is 125 feet. 

/11/i/1111' /tlll 

The POLLUTE model also requires a moisture-infiltration rate. In this instance, tha t figure is not 
readily calculated for a number of reasons. For example, one section of the landfill (Phase 2) is 
closed with an evapotranspiration cover, so should receive little, if any, infiltration. Conversely, 
Phase 4 is receiving both recirculated leachate as a surface application and gas-extraction 
condensate via a horizontal well. The gas extraction process has provided over 120,000 gallons of 
moisture to Phase 3, and approximately 25,000 gallons of leachate from the pond has been sprayed 
on Phase 3. That cell is approximately 9 acres, so the additional moisture amounts to only 0.59 
inches. The annual average precipitation is 14.3 inches, so assuming that moisture will be 
recirculated on and/ or within Phase 5, the use of 15 inches of infiltration is conservative. The model 
unit requirements require recalculation of that value to 0.0034 feet per day (1.25 feet/365.25 days). 

I\ 1\to />1 11q11 

The other required inputs to the model are waste density, which is assumed at 1,200 pounds per 
cubic yard (about 711 kilograms per cubic meter. 

11,,,,' ,,, ,,, \f(!~\ 

The POLLUTE model requires a mass of leachable contaminant per unit mass of the waste. The 
percentage of leachable COC, in this case, vinyl chloride, of a given mass of waste could be quite 
variable. The LandGEM model predicts the generation of 57 Mg vinyl chloride over the entire 
lifespan plus 60 years post-closure at the Billings Regional landfill. If the predicted 1.6-percent 
increase in the waste acceptance rate reasonable, the total mass waste in 2048 (80 years after 
opening) would be just over 17,000,000 Mg. The predicted vinyl chloride production in the last year 
of the model amounts to 0.09 Mg, in contrast to the peak production of 0.9 Mg in 2049. The 
production curve (Figure 4) generated by the model implies that vinyl chloride would be produced at 
a declining rate for some time after the year 2109. Using the total mass and vinyl chloride 
production within the LandGEM model limits, the mass of teachable gas would be 0.00034 percent. 
To be conservative, and to account for the long-term production, we use a percent of mass of 0.001 
percent in the model. 

llvclt J11l 1c He u h 

Two inputs are required by the model. 

I 111 I• 1tp // 1u! 11/l / 1r 11111111 / 111,•1 

The leachate head is assumed to be the one-foot (30 cm) maximum allowed by ARM 17.50.1200. 
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The groundwater at the Billings facility does not appear to maintain any artesian head. The 
groundwater level relative to the top of the aquifer is assumed to be zero. 

Geomembranes 

The geomembrane input considers thickness, diffusion coefficient, and the method of calculating 

leakage. 

l'h1• lwe~~ 

The proposed alternative liner is designed to have a 60-mil (1.523 mm) HOPE membrane as the 
upper part of the barrier system. 

/J1Jl•rnon Coefliuent 

The POLLUTE model input requires a diffusivity value for geomembrane, clay liner and attenuation 
layer. A review of available literature (Rowe and others, 1995; Rowe ,1997; Rowe and Brachman, 
2004, and; Lake and Rowe, 2005) reveals that diffusivity coefficients for either synthetic or naturally­
occurring materials are not commonly developed, probably due to the hazardous nature of the 
compound. However, methylene chloride has been used by researches to develop coefficients for 
those materials. While methylene chloride and vinyl chloride exhibit a number of physical 
differences, we feel that the similarities in molecular weight, density and diffusivity make for a 
reasonable substitution. The diffusivity inputs for this model, therefore, are based on literature 
values for methylene chloride and assigned as 2.0 x 10.a cm2/sec. 

I c>okoge ~ethod 

The software author's default methodology is the preferred process. 

l eakagc 

The Leakage inputs control leachate migration through the barrier system. The geomembrane is 
considered to be impervious to water when intact. 

1/11/f' Ft c•w1e11 ~1 · 

The default hole frequency is one hole per acre (2.5 holes per hectare). 

/lole Uaclw~ 

The default hole radius of 0.00564 m (0.22 inches; area of 0.152 inches), which is the default for the 
program. 

11'11t•kle Rud1•1\ 

Rowe (2005) has determined, through laboratory aging of a number of liner materials and field­
based data, that wrinkles in geomembranes can constitute a significant source of leakage over time. 
The Wrinkle Rad ius used for the model is the default value of 0.155 inches 
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The CFLAG value is either 1 or 0 depending upon the boundary. CF LAG is 1 when head in the 
underlying aquifer is greater than zero, and is 0 when the head is greater than the thickness of the 
soil layer above the first aquifer. In this case, the aquifer head is greater than zero but less than the 
attenuation layer thickness. 

I 1 c111,111h\111£11 (Till I \) 

The transmissivity referred to in this instance pertains to the contact between the GM and the CCL. 
The value used for this model is 1.0 x 10·10 m2/sec, which is the suggested default value for a liner 
that has good overall contact with the soil. The model offers values for "perfect" contact, which is 
probably unrealistic in most instances. 

I 1111tf tll l I Vil I 

In this case, the conductivity refers to the hydraulic conductivity of the material directly overlying 
the GM. This is used in the model to determine flow through holes and wrinkles. Since 
uncompacted native material will be used, we assigned the lowest of the values reported for the 
Phase 2 closure construction materials, 2.5 x 10""" cm/sec, as the conductivity of the protective layer. 

Clay Liner 

The inputs for the CCL are similar to those for the Geomembrane, but require some additional 
definitions. 

I ht k/11'\\ 

The thickness for the prescribed composite liner model is two feet. The actual proposed thickness 
for the recompacted soil layer of the alternative liner is one foot or zero for areas where the native 
soil meets the moisture-density, compaction and hydraulic conductivity specifications. The 
hydraulic conductivity of the shale underlying Phase 5 ranges from 2.19 x 10-11 to 4.64 x 10·1 cm/sec, 
and the geometric mean of all of the samples (both recompacted and cores) is 1.73 x 10·9 cm/sec. 
We assume that some disturbance of the soil will occur over the entire site, which could reduce that 
average hydraulic conductivity by as much as an order of magnitude. Therefore, we assume that 
the re will be a zone of at least 0.5 feet that will have a hydraulic conductivity of 1 x 10·7 cm/sec. 

/)1'/l\/l\ 

A number of tests have been conducted on the substrate within the Phase 5 unit. The calculated 
bulk dry density of a sample taken at a depth of 15 feet from test boring DH·l was 102.9 pounds per 
cubic foot (pcf) or 1.65 grams per cubic centimeter (gm/cm 3

) . 

1 ·011tftl! (I\ I(\ 

The hydraulic conductivity of the CCL in both model scenarios has been assigned 1 x 10·1 cm/sec, 
which is the regulatory minimum. 
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As with the geomembrane model inputs, a diffusion coefficient specific to the CCL for a specific CCC 
is required. In this case, Lake and Rowe (2004) conducted tests on a limited number of voes, and 
present a value of 6 x 10·10 m2/sec (6 x 10°' cm2/sec) for DCM through a CCL. 

I>· c •r"~1·>r1 tn / · · "' 
The distribution coefficient is a measure of the potential attenuation of a voe in a particular soil, 
primarily based on the COC's affinity to adsorption onto organic or soil particles. The carbon 
content has not been measured at the site, but is assumed to be normal for a marine shale. Soil 
adsorption coefficients (Koc) for VC are variously reported as 14 to 131. However, since the 
adsorption potential cannot be verified from on-site samples, the distribution coefficient is assigned 
as zero. 

Pt110\1t11 

The porosity of nine samples taken within and proximal to the Phase 5 cell averages to 0.254 (Table 
3). That average includes a recompacted sample from a depth of 15 to 20 feet below the existing 
surface that yielded a porosity of 0.41. Samples taken from deeper In that same boring had 
porosities of 0.258 to 0.279. Samples of the shale taken from greater depths, including three cores 
from DH-2, had much lower porosities, in the range of 0.14 to 0.19. We feel that the average value 
of 0.254 is reasonable because it represents a mean that is slightly lower than what was found 
beneath the proposed waste unit. That is a conservative value because the smaller void volume 
increases the diffusion of gases in the model . The model does not account for tortuosity. 

Attenuat ion Layer (Aquitard) 

As with the geomembrane and the CCL, the aquitard requires a delineation of physical attributes. 
The model considers the aquitard to represent an attenuation layer capable of transmitting and 
removing a certain percentage of pollutants. 

T/" llt1P\ 

The thickness of the attenuation layer is described above. The assumed thickness of the attenuation 
layer Is 180 feet. 

Table 3 shows the attributes of the substrate beneath and proximal to the proposed waste unit . The 
bulk dry density of the material underlying Phase 5 is calculated to be 1.65 g/cm3

, or 102.9 pcf. 

The geometric mean of hydraulic conductivities returned from the analysis of soils underlying and 
proximal to the proposed Phase 5 unit is 1.73 x 10·' cm/sec. The geometric mean of the hydraulic 
conductivity values reported for samples from test boring DH-1, directly underlying the proposed 
cell, is 2.697 x 10 .. cm/sec. That mean value includes three samples, two of which were in the 10·9 

cm/sec range. The hydraulic conductivity of three core samples taken from test boring DH-3, 
located just outside of the proposed cell on its southern boundary, ranged in the io·u cm/sec range. 
Given this of information, we feel that the use of the geometric mean value of 2.7 x 10"' cm/sec 
from test boring DH-1 is reasonable and conservative. 
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As with the other layers of the model, a diffusion coefficient for the attenuation layer is required for 
the attenuation layer. Values reported by Carpenter and others (1993), Lake and Rowe (2004), 
Rowe (2005) and Rima! and Rowe (2009) indicate that the diffusion coefficient of naturally-occurring 
clay and mechanically-mixed fine-grained soils for the COC ranges from 2 to 6 x 10·6 cm2/sec (2-6 x 
10-10 m2/sec). Based on that, along with the diffusion coefficient reported by Lake and Rowe (2004) 
for compacted clay liners, a value of 6 x 10·6 cm2 /sec is used for the model. 

/)/\(t lh/1///11/ f'ut!l/IUC/11 

Based on the same arguments presented for the CCL, above, the distribution coefficient for the 
attenuation layer is assigned as zero . 

Based on previous work (Table 1) as described for the Clay Layer, above, a porosity of 0.25 is 
assigned to the attenuation layer. 

\ qui fer 

The lowermost layer of the model represents the aquifer. 

The thickness of water-bearing units is problematic. Drill ing logs indicate that such units range from 
a foot to a few feet in thickness, and are not within easily-delineated or discrete geological units. A 

thinner water-bearing zone would be more likely to concentrate contaminants that diffused or 
flowed through overlying strata. Therefore, we have assigned a one-foot thickness to the modeled 
aquifer thickness. 

The porosity of any water-bearing zones is unknown. For the purposes of the model, we have 
assigned the porosity as 0.3, which is slightly higher than that of the attenuation layer, in spite of the 
fact that the water-bearing zones comprise the same geological material. 

Run P,11 ,unclcr .. 

The run parameters control the type and timing of the model outputs. The model is set up to 
produce concentrations at specific times. Currently, the Billings Regional Landfill is not slated to 
close until 2050, so we set the model up to run for the lifetime of the Phase 5 unit (2012-2050) plus 
60 years. 

MoJcl RL!>Ulls 

Appendix B contains the results of the models described above, as well as additional outputs for 
maximum concentrations and sensitivity analyses. Please note that the output text lists the landfill 
length as 289.56 meters. The landfill length is 980 feet, but an apparent bug in the software lists the 
length in meters. Note also that the POLLUTE software interprets the length and height of the waste 
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mass for the fixed mass option as one unit wide, thereby producing an output that accounts for t ime 

and concentration with depth. 

Pae cribed Li ner 

Given the inputs described above, a model gas having the general behavior of methylene chloride 
using a concentration of vinyl chloride predicted by NMOC testing would fall below the detection 
limit used by the DEQ for volatile organic compounds in soils(+/- 10-3 ug/L) at a depth of less than 25 
feet below the base after 98 years. 

Proposed Alternative Liner 

Using the inputs described above, but replacing the clay sub-base with six inches of disturbed soil, 
the model predicted that the COC concentrations after 98 years would fall below the DEQ detection 
limit at a depth of less than 20 feet. 

Maximum Potential Concentration~ 

Both baseline models predicted that the maximum concentration of the liner and attenuation layer 
would be attained after 9,900 years. The model predicted that the maximum concentration at 187 
feet would be 0.01 ug/L of the COC. 

Sensitivity Analysis 

Sensitivity analyses can be conducted in any number of ways. The POLLUTE model offers a range of 
sensitivity analysis options including the initial source concentrations, Darcy velocity, layer thickness, 
diffusion coefficient and distribution coefficient. Previous experience with the POLLUTE model, 
along with the knowledge that the Belle Fourche formation underlying the Phase 5 unit is relatively 
homogeneous, allowed the investigators to eliminate hydraulic conductivity (Darcy velocity), layer 
thickness, and porosity from consideration for a sensitivity analysis. In the case of the Phase 5 waste 
cell, the shale is relatively uniform in its properties, with the exception that some pores, fractures 
and bedding planes within the strata are filled with bentonite. That condition would affect the 
diffusion coefficient, at least to some degree. A run of the model with a diffusion coefficient two 
orders of magnitude greater than the initial model shows a potential for deeper infiltration of gas. 
The 100-year run predicted concentrations of the COC at a depth of 185 feet below the waste unit 
to be an order of magnitude above the DEQ detection limit for gas sampling. Another run using a 
diffusion coefficient one order of magnitude greater than the initial runs predicted that, after 100 
years, the COC would be undetectable 80 feet below the base of the cell. 

ti1terpretat1un of Results 

Predicted Values 

The POLLUTE model predicted that the model COC could attain detectable concentrations at depths 
of 20 to 25 feet. While it may seem counter-intuitive, the proposed liner system appeared to 
perform better than the prescribed liner system. The reason for that is the difference in physical 
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characteristics between a two-foot clay liner and the native shale. The shale is, in reality, less 
permeable and less porous than a recompacted clay liner. For the purposes of this investigation, the 
model shows that the existing ground is at least as protective of groundwater as a two-foot 
recompacted clay layer. 

\ltcnu<Jtion 

The longer-term, maximum concentration runs predicted deeper penetrations of landfill gas over 
time. That, however, is not necessarily a realistic scenario. Any number of aspects of the POLLUTE 
model for the Billings facility can be points of contention. We have constructed the model on what 
we consider to be an extremely conservative basis using the best data available. The model does 
not account for any attenuation, which is conservative but unrealistic. As anaerobic conditions 
develop in the waste mass, some percentage of the parent compounds of VC, such as PCE and TCE 
will be dechlorinated. The resulting DCE isomers and VC can be attenuated by methanotrophic 
bacteria living in the oxygenated soil surrounding the cover and portions of the liner (Scheutz, 2002). 
Other voes can be attenuated by complexing with organic and inorganic compounds that develop in 
the leachate, which will presumably be removed via the leachate collection system for at least the 
life of the facility. Assuming the final cover is either vented or consists of an evapotranspiration 
cover, considerable masses of voes will simply escape to the atmosphere. A fraction of the landfill 
gas can also escape through the leachate collection system. A small fraction of some voes will 
simply be contained for a period as they adsorb onto the carbonaceous material within the waste 
mass. The model does not account for preferential pathways, which would allow landfill gas to 
migrate laterally through strata that have higher porosity or lower tortuosity, and which are better­
connected to atmospheric venting conditions. Given all of the potential for attenuation, a model 
that assumes none can be considered conservative. 

Another potential attenuation factor not integrated into the model involves the adsorption potential 
of the Belle Fourche shale. Gautier (1985) and Ho and Meyers (1987) report organic carbon 
contents ranging from 0.2 to 4.3 percent organic carbon in the formation in Phillips County, 
Montana and Johnson County, Wyoming. voes will adsorb onto organic carbon, and there no 
reason to believe that such a process will not occur in the substrate beneath the proposed Phase 5 
waste-fill area. 

Also note that the width and depth dimensions used in the model represent 125 feet of waste over 
the entire 950 feet of cell length. Those dimensions cannot be applied over the entire waste unit 
because the sides are sloped, so when the input dimensions are applied to the entire cell, the waste 
mass is over-estimated by as much as 20 percent. 

\1itig,lting Conditt011\ 

An important mitigating factor pertaining to landfill gas involves the gas-to-energy system at the 
Billings facil ity. The system is currently in place and will be expanded into Phase S as it is being 
ftlled. Records obtained from Montana-Dakota Utilities indicates that as much as 490 metric tons of 
methane are being recovered annually from the extraction system. That fact is very important In 
considering the modeling effort as well as in-situ conditions. 
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We feel it highly unlikely that only 490 metric tons of methane is being captured if the total 
methane production is on the order of 21,000 tons as predicted by the LandGEM model. Those 
values Imply that the collection network is collecting only 2.3 percent of the methane being 
produced. The system currently in place at the Billings facility only covers over half of the the entire 
mass of waste, but it is still reasonably efficient. Using the GHG-calculated values for methane 
generation, the recovery rate for 2011 would be over 12 percent, which is a more reasonable rate of 
capture. At that, the existing waste pile was not producing enough methane for capture, and 
additional intake lines had to be installed. We find it unlikely that the methane generation is as high 
as predicted by the LandGEM model and, therefore, the concentration of voes and NMOCs is 
probably not as high as implied in the model. 

The fact that a large percentage of the landfill gas is being removed means that there is a lower 
mass of VOCs and NMOCs in the landfill gas. While the percentage of those constituents may 
remain the same, the presumption of the mass-based gas production used in the POLLUTE model 
also represents an over-estimation. 

The mechanical removal of the landfill gas has certain physical effects on gas migration. As the gas 
is removed from the waste pile, a number of phenomena occur. The internal pressure of the gas is 
at least reduced, if not entirely eliminated. That is, if gas extraction rates exceed gas production 
{which appears to be the case in at least part of the collection system), the voids must be filled with 
another gas, presumably of atmospheric origin. That implies that some portions of the waste mass 
will experience a dilution effect of the landfill gas. At the very least, the internal gas pressure of the 
capped waste mass will be reduced, thereby reducing the effect of one of the mechanisms that can 
lead to gas leakage through the liner system. 
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Co nclu Ci io n a nd Summary 

The subsurface underlying the proposed waste cell comprises carbonaceous shale of the Cretaceous­
aged Belle Fourche format ion, and consists of at least 94 percent fines (passing #200 sieve) and, in 
places, contains as much as SS percent clay. Measured hydraulic conductivities range from the 10 11 to 
the 10'7 cm/sec range, with the geometric mean of values produced from samples underlying and 
proximal to the proposed cell being 1.73 x 10·9 cm/sec. The average porosity is calculated to be 0.254 
and the bulk dry density is assumed to be 102.9 pd, the latter being based on a single analysis from the 
cell base. 

The liner design consists of, from top to bottom, 16 inches of gravel cover, a 16-ounce non-woven fabric, 
60 mil HOPE liner with two-sided texture, and native soil. Native soil that does not meet the compaction 
requirements will be excavated to a depth of six inches and replaced with appropriately-compacted soil. 

Using data from the physical properties of the soil, along with literature-based diffusion estimates, the 
POLLUTE model predicts that the proposed liner design for the Phase 5 waste unit at the Billings 
Regional Landfill is at least as protective of the environment as the prescriptive cover design developed 
by the Montana DEQ. The model inputs included gas production rates and content based on the 
LandGEM model and data collected from the facility for a 2007 NMOC ner II gas evaluation. The model 
may be considered conservative because no additional attenuation factors were introduced and there is 
a good probability that the LandGEM estimates for gas production are an order of magnitude high. The 
model predicted the model COC to be at undetectable levels less than 2S feet below the Phase 5 cell 98 
years after the cell closure. That time period includes the entire lifespan of the facility plus 60 years of 
post-closure time. A 10,000-year model run predicts COC concentrations at a depth of 185 feet to be 
about 1 x 10'2 ug/L, one order of magnitude higher than the DEQ-established detection limit for gas 
sampling at hazardous waste facilities of 0.001 ug/L. 

Additional mitigating factors include the relatively high organic carbon component of the Belle Fourche 
shale and the landfill gas-to-energy system that will actively remove methane and the voes associated 
with landfill gas from the proposed Phase 5 unit. 
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Appendix A 
Geotechnical Investigation, Billings Landfill Phase V Expansion 

CITY OF BILLINGS I Phase 5 A11emat1ve liner DemonstratlOll 
P:} e 132 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

Report of 

Geotechnical Investigation 
Billings Landfill Phase V Expansion 

Billings, Montana 

April 2012 

CLEA R SOLUTIONS .. 



I 

Report of 
Geotechnical Investigation 

Billlngs Landfill Phase V Expansion 
Billings, Montana 

Prepared for. 

Great West Engineering 

Mr. Bruce Siegmund 
PO Box 4817 
Helena, Montana 59604-4817 
(406) 449-8627 

Prepared by: 

Tetra Tech 

618 South 25'" Street 
811/mgs, MT 591O1 
(406) 248-9161 
Fax (406) 248-9282 

/ 
I " 

Tetra Tech Proiect No. 114-550852 

April 2, 2012 



I 
I [ ""Q;] TETRA TECH 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

April 2, 2012 

Mr. Bruce Siegmund 
Great West Engineering 
PO Box 4817 
Helena, Montana 59604 

SUBJECT: Geotechnical Investigation 
Billings Landfill Phase V Expansion 
Billings, Montana 
Tetra Tech Project No. 114-550852 

Dear Mr. Siegmund: 

At your request. we have performed a limited geotechnical investigation at the site of the 
proposed Billings Landfill Phase V Expansion located in Billings, Montana. The report that 
follows describes in detail our investigation, summarizes our findings, and presents our 
opinions regarding the similarity of engineering properties of the soil and bedrock between 
the Phase V expansion and the expansions previously explored. 

It 1s important that we provide consultation during design, and field services during 
construction. to review and monitor implementation of the geotechnical recommendations. 

If you have any questions regarding this report, please contact us. We appreciate the 
opportunity to provide geotechnical engineering services to you on this project. 

Respectfully submitted, 

Tetra Tech 

Travis Goracke, P.E. 
Geotechnical Engineer 

TG/ba 

(in four copies) 
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EXECUTIVE SUMMARY 

The project consists of the expansion of a section of the Billings Landfill to determine if subsurface 
soil and bedrock conditions are favorable for the construction of an additional cell for disposal of 
waste. The proposed cell location is directly southwest of the scale house and is approximately 
24 acres in size. 

On February 20 and 21 , 2012, three exploration borings were drilled to identify subsurface soil, 
bedrock, and groundwater conditions. The subsurface profile in boring DH· 1 generally consisted 
of six feet of lean clay fill overlying shale bedrock, which extends beyond the maximum depth 
explored, 50.4 feet. The subsurface profile in boring DH·2 generally consisted of shale bedrock 
extending from the ground surface to beyond the maximum depth explored, 40.5 feet. The 
subsurface profile in boring DH·3 generally consisted of 15 feet of lean clay fill underlain by shale 
bedrock which extends beyond the maximum depth explored, 90 feet. Groundwater was not 
encountered in the borings at the time of the field exploration. Numerous factors contribute to 
groundwater fluctuations, and evaluation of such factors is beyond the scope of this report. 

As requested, the geotechnical investigation was performed to determine if the subsurface soil 
and bedrock encountered below the proposed Phase V cell expansion has similar engineering 
properties and the lithology was generally similar to that identified for the exploration borings 
previously performed for the Phase Ill and IV expansions. Our findings and conclusions can be 
found later in this report. 

We have prepared this executive summary solely to provide a general overview. This executive 
summary should not be relied on for any purpose except for that for which it was prepared. Only 
the full report should be relied on for information about findings, recommendations and other 
concerns. 

PURPOSE AND SCOPE OF STUDY 

The purpose of this study is to determine the subsurface lithology of the proposed Phase V cell 
area and determine if it is consistent with previous expansions explored at the landfill. We 
understand that if the subsurface soil and bedrock have similar engineering properties, and are 
encountered at similar depths, the field exploration will provide sufficient design information to 
provide approval of an alternative liner for Phase V. As requested, historical data from previous 
investigations, including laboratory testing, has been reviewed and is included in this report. 

Tetra Tech, Inc. conducted a field exploration program consisting of drilling three exploration 
borings in the area of the proposed Phase V expansion to obtain information on site and 
subsurface conditions. Samples obtained during the field investigation were tested in Tetra 
Tech's laboratory to determine the physical and engineering characteristics of the on·site soils 
and bedrock. Results of the field investigation and laboratory tests were analyzed to characterize 
the site material properties. This report summarizes the field data and presents conclusions 
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based on the proposed construction and subsurface conditions encountered. The investigation 
was performed in accordance with Tetra Tech's contract with Great West Engineering dated 
February 9, 2012. 

This study does not address a slope stability analysis or provide liner recommendations for the 
Phase V expansion. 

PROJECT DESCRIPTION 

The proposed project consists of the expansion of the Billings Landfill within its current property 
limits to add an additional cell for disposal of waste. The cell is located directly southwest of the 
existing scale house. The proposed new cell is approximately 24 acres in size and is located 
between an existing access road to the south, the scale house on the north, existing cells to the 
east and an existing communications tower to the west. Excavation depth to the base of the cell 
will vary based on the construction of a new leachate collection system. The project site and 
proposed cell location are shown on Drawing No. 550852-1. 

Looking northeast toward Boring DH-3. 
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FIELD EXPLORATION 

The field exploration was conducted on February 20 and 21 . 2012. Three borings were drilled at 

the locations shown on Drawing No. 550852-1 to explore subsurface soil. bedrock, and 
groundwater conditions. Borings were advanced through the overburden soils and bedrock with a 
truck-mounted drill rig equipped with 8-X-inch diameter hollow-stem augers. The borings were 
logged by a Tetra Tech representative. 

Samples of the upper subsurface materials were taken with 2-inch outside-diameter split-spoon 
samplers driven into the various strata using a 140-pound hammer falling 30 inches. The number 

of blows required to advance the sampler each successive 6-inch increment was recorded; the 
total number of blows required to advance the sampler the second and third 6-inch increments is 
the penetration resistance (N value). This is the standard penetration test described by American 
Society for Testing and Materials (ASTM} Method 01586. Penetration resistance values indicate 
the relative density or consistency of the soils. Bulk samples and split spoon samples of soil were 
obtained from the hollow-stem augers at locations chosen by the field engineer. Sample depths 
were recorded on the field log and are shown on the logs of exploration borings. 

LABORATORY TESTING 

Samples obtained during the field exploration were taken to Tetra Tech's laboratory, where they 
were observed and visually classified in accordance with ASTM 02487. which is based on the 
Unified Soil Classification System. Representative samples were selected for testing to determine 
the engineering and physical properties of the soils in general accordance with ASTM or other 
approved procedures. 

Tests Conducted: To Determine: 

Grain-size Distribution 
Size and distribution of soil particles (i.e., clay, silt, sand. and 
gravel}. 

Natural Moisture Content 
Moisture content representative of field conditions at the time 
samples were taken. 

Atterberg Limits 
I The effect of varying water content on the consistency of fine-

grained soils. 

Moisture-Density The optimum moisture content for compacting soil and the 
Relationship maximum dry unit weight (density} for a given compactive effort. 

--
Hydraulic Conductivity The rate with which water will flow through soil. 

Field and laboratory test results are summarized on Figures 4 through 22 in the Appendix. These 

data and the field information were used to prepare the exploration boring logs on Figures 1 
through 3. 

fot'11 1 ect Apr112 2012 3 
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LOCAL GEOLOGY 

The landfill is located in the western half of Section 29 and the eastern half of Section 30, 
Township 1 S, Range 26E and is about 4.5 miles southwest of Billings, Montana. This area marks 
the southern valley wall to the ancestral floodplain for the Yellowstone River. Maximum relief 
between the ridge tops and floodplain ranges from about 250 feet to 330 feet. Many of the north­
f acing slopes along the valley wall are oversteepened as a result of erosion at the toe by past 
meandering of the Yellowstone River. Topography above the floodplain is dissected by 
secondary, intermittent drainages forming parallel trending ridgelines and steep V shaped 
drainages profiles. Inclination of side slopes in secondary drainages range from approximately 33 
to 35 degrees near the crestline steepening to between 42 to 57 degrees on the sidewalls. 

Hills in the area are comprised of redeposited alluvial clay soils overlying claystone-shale from the 
Mowery formation. The shale is lower Cretaceous in age. When viewed in cross-section, the 
slope inclination increases at the transition from clay soil to claystone-shale. This contact is 
readily identifiable within the landfill site. 

At most exposed claystone-shale outcrop locations, clay soil is encountered at the top of the 
bedrock. Upon inspection of the day soil texture, thin parallel platelets of shale and claystone are 
observed. This information indicates an old erosional surface existed at the top of the claystone­
shale which was subsequently buried by more recent clay soil deposits. The old bedrock 
topography can be characterized as moderate rolling hills and U shaped drainages. 

The Cretaceous claystone-shale is encountered extensively throughout the landfill . It is typically 
dark gray in color, fissile, thinly laminated and jointed. When exposed, the shale slakes and 
weathers near the surface but becomes hard and competent with increasing depth of penetration. 
Occasional highly plastic beds varying from about one foot to several feet thick are interbedded 
throughout the shale. 

SUBSURFACE CONDITIONS 

The subsurface profile in boring DH-1 generally consisted of six feet of lean clay fill overlying 
shale bedrock, which extends beyond the maximum depth explored, 50.4 feet. The subsurface 
profile in boring DH-2 generally consisted of shale bedrock extending from the ground surface to 
beyond the maximum depth explored, 40.5 feet. The subsurface profile in boring DH-3 generally 
consisted of 15 feet of lean clay fill underlain by shale bedrock which extends beyond the 
maximum depth explored, 90 feet. Groundwater was not encountered in the borings at the time of 
the field exploration. 

The boring logs should be referenced for complete descriptions of the soil and rock types and 
their estimated depths. A characterization of the subsurface profile normally includes grouping 
soils with similar physical and engineering properties Into a number of distinct layers. The 
representative subsurface layers at the site are presented below, starting at the ground surface. 
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FILL 

Fill was encountered at the surface in Boring OH-3. The fill visually classifies as lean clay 
according to ASTM 02487. The fill contained scattered fine grained sand lenses and fine to 
coarse subrounded gravel. Penetration resistance values ranged from 14 to 16 blows per foot. 
The natural moisture content varies from 10 to 29 percent. 

Lean CLAY (C L) 

Lean clay was encountered at the surface in Boring OH-1 . The clay visually classifies as lean clay 
according to ASTM 0 2487. Penetration values in the clay are on the order of 10 blows per foot 
which is indicative of a stiff soil stratum. The natural moisture content ranged from 15 to 19 
percent. 

SHALE 

Shale was encountered below the clay in Boring OH-1, at the surface in Boring OH-2, and below 
the fill in Boring OH-3. The shale is medium hard to hard with medium to high plasticity 
characteristics. Penetration values in the shale bedrock exceeded 50 blows per foot. Specific 
gravities performed on the shale bedrock ranged from 2.66 to 2. 73. The natural moisture content 
varies from 7 to 17 percent. Liquid and plastic limit tests indicate the shale has a liquid limit 
varying from 42 to 67 percent and a plasticity index varying from 23 to 46 percent (Figures 4 
through 12). A moisture density relationship test performed on the shale indicates a maximum dry 

density on the order of 102.9 pounds per cubic foot at optimum moisture content of 19.6 percent 
(Figure 13). A hydraulic conductivity test performed on a sample of shale bedrock remolded to 95 
percent of the maximum dry density, as determined by ASTM 0698, indicates a rate of 4.64 x 10 · 
7 centimeters per second (Figure 14 ). Hydraulic conductivity tests performed on samples of shale 
bedrock remolded to near in-place density measured indicate a rate varying from 2.56 x 10 ·9 to 
7 .87 x 10'9 centimeters per second (Figures 15 through 19). Hydraulic conductivity tests 
performed on undisturbed core samples of shale bedrock indicate a rate varying from 2.19 x 10'11 

to 7 .16 x 10-11 centimeters per second (Figures 20 through 22). 

GROUNDWATER 

Groundwater was not encountered in the borings at the time of the field exploration. Numerous 
factors contribute to groundwater fluctuations, and evaluation of such factors is beyond the scope 
of this report. 

CONCLUSIONS 

The requested scope of work for this project was to determine if the subsurface lithology of the 
proposed Phase V expansion area was generally similar to that encountered in the exploration 
borings performed for the Phase Ill and IV expansions located to the north. The requested 
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scope was also to determine if the subsurface soil and bedrock have similar engineering 
properties, and are encountered at similar depths as the previous expansions. 

When comparing our findings from the field investigation performed for this study to the previous 
investigations performed in February of 2009 and in March and April of 2007, minor variations in 
the subsurface profile such as the thickness of the fill , clay and claystone were observed. This 
can be attributed to an irregular bedrock contact variations in the existing topography and 
disturbance from previous landfill operations and excavations. The hydraulic conductivity rates 
from samples obtained in the Phase Ill expansion ranged from 1.9 x 10 .g to 3.8 x 10 ·9 

centimeters per second. Samples from the Phase IV expansion ranged from 1.09 x 10 -a to 3.36 x 
10 ·9 centimeters per second. In general, it is our opinion that the subsurface profile and 
engineering properties of the bedrock and soil stratum encountered at the Phase V expansion are 
similar to those encountered in the Phase Ill and IV expansions. 

It should be noted that slope stability and liner recommendations were not requested or 
addressed by this study. Due to the limited number of borings drilled at the site, it is possible 
that soil and rock conditions may differ from those included in this report. Tetra Tech should 
observe the excavation prior to the placement of the plastic liner to verify soil and bedrock 
conditions are similar to those encountered during the field exploration. If needed, further 
investigation and additional recommendations can be provided at your request. 

CONTINUING SERVICES 

Two additional elements of geotechnical engineering service are important to the successful 
completion of this project. 

1. Consultation with Tetra Tech, Inc. during the design phase. This is essential to ensure 
that the intent of our recommendations is incorporated in design decisions related to the 
project and that changes in the design concept consider geotechnical aspects. 

2. Observation and monitoring during construction. Tetra Tech should be retained to 
observe the earthwork phases of the project, to determine that the subsurface conditions 
are compatible with those used in our analysis and design. Placement of fill should be 
observed on a full time basis and tested to confirm that the required density has been 
achieved. In addition, if environmental contaminants or other concerns are discovered in 
the subsurface, Tetra Tech professionals are available for consultation. 

LIMITATIONS 

This study has been conducted in accordance with generally accepted geotechnical engineering 
practices in the region where the work was conducted. The conclusions and recommendations 
submitted in this report are based upon project information provided to Tetra Tech and data 
obtained from the exploratory borings drilled at the locations indicated. The nature and extent of 

Tetra Tech - Apfll 2. 2012 6 
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subsurface variations across the site may not become evident until construction. Tetra Tech 
should be on site during construction, to verify that actual subsurface conditions are consistent 
with those described herein. 

This report has been prepared exclusively for our client. This report and the data included 
herein shall not be used by any third party without the express written consent of both the client 
and Tetra Tech. Tetra Tech is not responsible for technical interpretations by others. As the 
project evolves, we should provide continued consultation and field services during construction 
to review and monitor the Implementation of our recommendations, and verify that our 
recommendations have been appropriately interpreted. Significant design changes may require 
additional analysis or modifications of the recommendations presented herein. We recommend 
on-site observation of excavations and foundation bearing strata and testing of fill by a 
representative of the geotechnical engineer. 

Prepared by: Travis Goracke, P.E. Reviewed by: Jared Jung, P.E. 
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I M PORTAN T I N FORM ATIO N 

A BO UT Y O U R 

GEOTECHNICAL ENGINEERING REPORT 

More construction problem arc cau ed by He ub urfacc 
cond1uon~ than any other factor. A troublesome a 
sub,urface problem can be, their frequency and ex1ent have 
been lcs ened con iderably in recent year • due in large 
mca ure 10 programs and publications of A SFE!The 
A .oc1a11on of Engineering Firms Prac11cing in the 
Gcoscicnccs. 

The following suggestions and ob erva1ion are offered to 
help you reduce the Geotechnical-rela1ed delays. co t­
ovcrrurn. and 01her cosily headache that can occur during a 
con truc11on project. 

A GEOTECHNICAL ENGINEERI NG 
REPORT I BASE D ON A UN IQUE ET OF 
PROJ ECT- PECIF IC FACTORS 

A Gco1echmcal engineering report 1 based on a subsurface 
exploration plan designed to incorporate a unique et of 
project- pec1fic factors. These typically include the 
general nature of the trucrure involved, its -;ize and 
configuration: the location of 1he srrucrure on 1hc 11c and its 
onen11111on. physical concomitants .;uch a acccs road . 
parking lots, and underground utilities. and the level of 
additional n k which the client ai. urned by virtue of 
limllalions imposed upon the exploratory program. To help 
avoid co<;lly problems. consult the gco1echnical engineer to 
determine how any factors which change subsequent to the 
date of the report may affect its recommendanon' 

nlcss your consulting Geotechnical engineer 1nd1ca1es 
01herw1 c. your Geotechnical engineer report should not be 
11.sed: 

When 1hc nature of the proposed ·1ruc1ure 1., changed. 
for example. 1f an office building will be erected 
tn read of a parking garage. or 1f a refngcratcd 
warehouse will be built instead of an unrefrigerated 
one, 

• when the size or configurallon of 1he propo cd 
~1rucrure i altered: 
when the location or orientation of 1hc proposed 
structure is modified: 
when there is a change of ownership. or 
for application 10 an adjacent ire. 

Geotech11ical engineers cannot accept respo111ibiliry for 
problem ~ wl11ch may develop if the_1· arc not consulted after 
facwr1 considered 111 1heir reports' de1·elupme11t have 
clwnged 

MO T GEOTECHNICAL "FIND ING " 
ARE PROFESSIONAL E TIMATE 

11c explora11on 1den1ifies actual ub urface condi11on only 
at those points where . amples are taken. when they arc taken. 
Dara derived through sampling and sub equem laboratory 

tc ring arc cx1rapola1cd by gcotcchnical engineers who then 
render an opinion about overall ub urface condit1ons. 1hc1r 
likely reaction 10 propo ed condition • their likely reaction 10 
proposed con tn1ct1on activity. and appropriate foundation 
design Even under optimal circum tanccs actual conditions 
may differ from tho c inferred to ext t. becau e no 
Geotcchntcal engineer. no matter how qualified. and no 
subsurface exploration program. no mancr how 
comprchcns1vc. can reveal what is hidden by earth, rock and 
rime. The actual interface between materials may be far 
more gradual or abrupt than a report indicates. Actual 
condition in areas not ampled may differ from predictions 
Nothrng can be done to prevent tire unnnticipated. b11t steps 
can be 1aken to help minimize their impoct. For this reason. 
most experienced owners retain their Geotechnical 
consultants through the construction stage, to identify 
variances. conduct additional tests which may be needed. and 
to recommend soluuon 10 problem encountered on ~lie. 

UB URF ACE CONDIT IONS 
CAN CHANGE 

Sub urface condi11ons may be modified by constantly­
changing narnral force . Because a Gcotcchnical engineering 
repon is based on condi tions which exi red a1 the time of 
ub urfacc exploration. constroction decisions should not be 

based on a Geotecllnicaf engineering report whose adequacy 
may ha1'1! been affected by time. Speak with the Geotechnical 
consultant 10 learn if additional te t are advisable before 
constn1cuon starts. 

Construction operation a1 or adjacent 10 the site and natural 
events such as flood. earthquakes or groundwater nuc1uat1on 
may also affect subsurface conditions and. thu . the continuing 
adequacy of a gcotcchnical report. The geo1echnical engineer 
should be kept appri cd of any uch event . and should be 
consulted 10 determine 1f additional 1c I arc necessary 

GEOTECHNICAL SERVICES ARE 
PREFORMED FOR SPECIFIC PURPO E 
AN D PERSONS 

Geotechnical engineers' reports are prepared to meet the 
spcci fie needs of pec1 fie individuals. A rcpon prepared for a 
consulting civil engineer may not be adequate for a 
construction contractor. or even some other coni.ul11ng civil 
engineer Unlcs indicated otherwi e. 1h1s rcpon wa_ prepared 
cxpr~ ly for the client involved and cxpre ly for purpose~ 
indicated by 1hc client Use by any other person for any 
purpo c. or by the client for a different purpo~c. may re.~ult in 
problems No rndi1•idual other than the client should apply this 
report for 1rs intended purpose 11 ithout first co1ifernng 1111/r the 
geotech111cal engineer. o person should apply this report fo r 
any purpose other than that originally contemplated 11 itho111 
first conferring ll'ith the geotecl111ical engineer 
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A GEOTECHNICAL E GINEERING 
REPORT I UBJECT TO 
Ml INTERPRET ATIO 

Co tly problems can occur when other design profcs ionals 
develop their plants ba ed on misinterpretation of a 
geotcchnical engineering rcpon. To help avoid these 
problems, the geotecbnical engineer should be retained to work 
with other appropriate design professionals to explain relevant 
geotcchnical findings and to review the adequacy of their plans 
and specifications relative to geotechnical issues. 

BORI G LOGS SHOULD NOT BE 
SEP ARA TED FROM THE 
ENGlNEERING REPORT 

Final boring logs are developed by geotcchnical engineers 
based upon their interpretation of field logs (as cmbled by site 
personnel) and laboratory evaluation of field amples. Only 
final boring logs customarily are included in geotcchnical 
engineering reports. These logs should not under any 
circumstances ~ redrawn for inclusion in architectural or 
other design drawing , bccau e drafters may commit errors or 
omis ions in the transfer procc . Although photographic 
reproduction eliminates thi problem, it docs nothing to 
minimize the possibility of contractors mi interpreting the lo& 
during bid preparation. When this occurs, delays, di putes and 
unanticipated co ts are the all-too-frequent result. 

To minimize the likelihood of boring log mi interpretation, 

I give contractors ready access to the complete geotechnlcal 
engineering report prepared or authorized for their u e. Tho e 
who do not provide such access may proceed under the 
mistaken impression that simply di claiming respon ibility for 

the accuracy of ub urface information alway insulates them 
!Tom attendant liability. Providing the best available 
information to contractor help prevent costly con truction 
problems and the adversarial attitudes which aggravate them to 
di proportionate cale. 

READ RE PONSIBlLITY 
CLAU E CLOSELY 

Bccau e geotechnical engineering i based ex.tensivcly on 
judgment and opinion, it is far les exact than other design 
di ciplines. This ituation has re ulted in wholly unwarranted 
claim being lodged again t geotcchn1ca] consultants. To help 
prevent this problem, geotcchnical engineers have developed 
model clauses for u e in wrinen transmittals. These arc not 
exculpatory clauses designed to foist geotcchnical engineers' 
liabilitic onto omcone cl e. Rather, they are definitive 
clauses which identify where geotcchnica] engineers' 
responsibilities begin and end. Their use helps all panics 
involved recognize their individual rcspon ibilitics and take 
appropriate action. Some of these definitive clauses are likely 
to appear in your gcotechnical engineering report, and you arc 
encouraged Lo read them clo cly. Your gcotechnical engineer 
will be pleased to give full and frank answers to your 
question . 

OTHER STEPS YO CAN TAKE TO 
RED CE RI K 

Your con ult10g gcotechnica] engineer will be pleased to 
discu other techniques which can be employed to mitigate 
ri k. In addition, ASFE as developed a variety of matenals 
which may be beneficial. Contact ASFE for a complimentary 
copy of its publication directory. 

l~~~~~~~~~~__J 
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("'ft:) TETRA TECH 

SSS 
(SPT) 

LSS 

SRS 

LRS 

STS 
Sack (SK) 
or Bag 

GWL 

LOGS OF EXPLORATIONS 
EXPLANATION OF ABBREVIATIONS AND DESCRIPTIVE TERMS 

- Standard penetration resistance test - results recorded as the number of blows of a 140-pound 
hammer falltng 30 inches required to drive a 2-inch O.D. split sample spoon the second and third 6-
mch increments of an 18-inch distance. 

.. Modified penetration test - results recorded as the number of blows of a 140-pound hammer falltng 
30 inches required to drive a 2.5-inch O.D. split spoon the second and third 6-inch increments of an 
18-mch distance 

- Split barrel ring sampler 2-inches l.D. for taking undisturbed samples 

- Spltt barrel nng sampler 2 5 inches l.D. for taking undisturbed samples. 

- Shelby tube sampler for taking undisturbed samples (2" to 3-5116" I D ) 
- Sample of disturbed soil placed in canvas sack or plastic bag 

- Groundwater level on the date shown on the logs. 

RQD .. Rock quality designation (ROD) for the bedrock samples are determined for each core run by 

Silts & Clays 
D1stmgu1shed on 
Basis of Ptast1otv 

Clays & Silts 

Very Soft 
Soft 
Firm 
Stiff 
Very Stiff 
Hard 

summing the length of all sound. hard pieces of core over four inches in length, and dividing this 
number by the total length of the core run. This value, along with the core recovery percentage, is 
recorded on the drill logs. 

GRAIN SIZES 

U.S. Standard Senes Sieve Clear Sauare Sieve Ooeninos 

200 40 10 4 y.· 3· 12" 

SAND GRAVEL 
Cobbles Boulders 

Fine I Medium I Coarse Fine Coarse 

CONSISTENCY RELATIVE DENSITY 

SPT" Sands & Gravels SPT* 
Blows/foot Blows/foot 

0 - 2 Very Loose 0-4 3- 4 
5- 8 Loose 5-10 

9 - 15 Medium Dense 11 - 30 

15 - 30 Dense 31 - 50 

Over 30 
Very dense Over 50 

·s tandard Penetration Test. PL = Plastic L1m1t: LL = Liquid Limit 

N \Geotecti\Form\ASFE Report info doc 
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CLASSIFICATION OF SOILS FOR ENGINEERING PURPOSES 
ASTM Designation· D 2487 - 83 

(Based on Unified Soil Classlhcation System) 

___ _;:SO..:-H C1ass1t1ca11on 

Criteria lor AsSlgning Group Symbols i nd Group Names Using Laboratory Tests• Group 
Symbol N1me' 

Coarse-Grained Soils Gravels Clean Gravels Cu ~4 1nd 1< Cc ... 3' GW Well greded gravel' 
More tnan 50'!1. retained on More than 50'Mt coerse Less tnan 5'111 lines· 

No 200 sieve lrac tton retained on Cu" 4 1nd •or 1 ">Cc> 3' GP Poorly graded g ravel' 
No 4 sieve 

Gravels w1tl1 Fines Fines CllSStly 85 ML or MH GM Silly grhet• " • 
More tl1an 121~ tines 

Fines class11y as CL or CH GC Clayey gravel' • -

Sands Clean Sands Cur!'& and t· Cc< 3' SW Well-graded Slnd 

50'111 or more of coarse 
Less tnan 5~ lines< 

Cu<.61nd101 t > Cc> 3 SP Poorly gr1ded sand fraction passes No 
4 sieve 

Sands w n h Fines Fines crass1ty as ML or MH SM Silly sano• -
More than 12~ l ines 

Fones classi fy as CL or C H SC Clayey Sino• -

Fine-Grained So lis Silts and Clays 1norgan1c Pl 7 and plots on or 1bo ve CL Lean cla)"' . 
SO'i\ or more passes tl1e Liquid limit less than 50 .. A . line• 

No 200 Sieve 
Pl· 4 or plots oelow "'A M ML S1lt 0

' . 

tone 

organic f,.1g111!! hm11 - 2v1n d ried <O 75 OL Organic ctey" • • • 
L1Qu1c:I hm11 - not C1r1ed Organic s1tt• • • • 

Silts and Clays inorganic Pl plots on or above A M lone CH Fat clay· • • 
L1qu1d hm1t 50 or more 

Pl plots oelow A hne MH EIUllC 1111" ' • 

organic L•~ I'!!'.!!..:. oven d11e(j ,....0 75 OH Org1nac cley• 
L•Qu•d hm1t • not dried 

Org1n1c silt 

Highly organic soils Primarily org1n1c m11t1r Clark •n color and organic odo• PT Peat 

"llaHd on lfte matet ll l pau.ng Ille 3 -o n (75-mm) , , ... 
•u 1.1 10 1• mo•1 cont11neo cobofu or ooufdet a or t><Mn 
10d w.tn cottbt11 or bOutders or t>oth to 9roue> name 

•a11ve 11 ,, .. 1., 5 to 12'1o lonH requore 0.,.1 t ymbO' t 

O W· O M .... ~1lt1dea gt1 .. I "''" l •ll 
OW·GC .... u11raae a 91e .. 1 wotft clay 
GP-G M PoOrft g<IC4d grav• I with foll 

OP ·GC poorly g•adta 011••1 w.11> clay 
' Sanos'"'''" S 10 12"' hn411 requite oua l 1ymo0ts 

SW·SM wtl1111eded &and wolh 1•1 

SW-SC ••11111.aeo u no wolh cl• y 
SP·SM PoOlly g•aaaa u na .. ,,., 1111 

SP·SC OOOfly gflOIO und witn cloy 

SIEVE ANALYSIS 

I SCREEN IN I SIE\/E NO 
111., .. " 10 20 .a eo uo 200 

100 ,, 
l 0 

\ I 
~ I 

0.. •Smm I 
~ I I 

r\. l 
'I'-.. ' o,.-2s ...... I 

I 1 "-.... I 

'Cu O., 10 , Cc 
10,,1· 
o=-o 

•11 t.e•I c.ont1 11'tl •1 ~'tlt tlt'IO 100 ¥r•1h 11 ncf" to 9~0..10 

"'""' If ''~•• c111s 0l11i CL·ML tJ H: C...il 11rnb01 GC·OM o• 
SC·SM 
~u hnes are organic 100 w1tn OtQlfhC t1n11 10 9to·.10 

n1m1 

It so I cont1 •n1 t S._ gra~et IC<! * ''"' grave lo 9ro1.tO 
,,. .... 

so 

~ 
)( 40 
w 
0 
~ 

~ 30 

i3 

Fot c-of f!N.9- IOllt oftd ....,reined i--. ot ......_rtln9cl 
toll 

E:Qua11on of ·• •"• 
Ho< tO!'la .. Pl ' to l..l - 2S s 

<t>et1 Pl • 01l fU.·20! 

eq...,,_ ol -v ...... 
""'1>c.11 II LL = t6 to Pl 

fl Att.ert>etg ltm1l1OIOt1n f'llltrt•d area M)1l 11 1 CL ML 

""yclay 
11 tOJI contaH\S 1~ 10 2~ plus No 200 100 w·tn sal\d ar 

,..,,, ,.. 9r1w:t:r"' •n1C°P't1i1tt 1 pr1dom•Mn1 

•If .0. t,.0nta 1n1 Z~ CUUS No 200 pteOom nat'lf "f uno 

add &a"'2y· ID grCNp ~·-
•rt iOI COf'\t11ns .... ~ P*t.t• NO ?00 pr1oom1n1ntry ;ra .. e t 
• dd gr••t1•y to grouo "•me 
"'Pl~• • net C>40ll on Of 100~ A line 

Pl ' o• plots 11e10w " i.,,. 
•p1 01~1 on or ab0¥9 A fine 
• p 1 Dl:)fl oe1ow •A t nt 

r--r-. 1 
' 

MH OP OH ~ 20 
0 • 0 016 

0 
I 

10 I 0 OS 

PART ICLE SIZE IN MILLIMETERS 

10 
7 ~ -~,,.,.,.,... .... ,.,,,'"7.nlt' 
4 1-...&~~b'A~ 
Q L-~-L.~.:........l~~...L-~-1-~~.1...-~-'-~---l'--~..l-~-l..~~.L..~-1 

o 10 16 20 lo 'o so eo 10 ao ao 100 110 

LIQUID LIMIT (LL) 
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Project Name: Billings Landfill Phase V Expansion 

Borehole LocaUon: See Drawing 550852-1 

Borehole Number: DH-1 

Drilling Equipment: BK-81 

Elevation Ground: 3383 
and Datum: 
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Driller: Haztech Logger: Travis Goracke 
Borehole 
Diameter (In.): 8.25 Date Started: 2-20-12 Date Flnished: 2-20-12 

Notes: Center Boring . Elevation provided by Great West Engineering. 

MATERIAL DESCRIPTION 

lean CLAY · brown, moist. 

SHALE - gray, moderately hard rock, moist, weathered in the upper 2 feet, 
blocky structure in the upper 8 feet, thinly laminated from 8.5 to 50.4 feet. 
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I 
Project Name: Bill ings Landfill Phase V Expansion 

Borehole Location: See Drawing 550852-1 

Borehole Number OH-2 I Drilling Equipment: BK-81 
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Driller: Haztech Logger. Travis Goracke 

Borehole 
Diameter (In.): 8.25 Dale Started: 2-20-12 Date Finished. 2-20-12 

Notes: North Boring. Elevation provided by Great West Engineering. 

MATERIAL DESCRIPTION 

End of Boring. 
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I Project Name: Billings Landfill Phase V Expansion 

Borehole Location: See Drawing 550852-1 Sheet of 2 

Driller: Haztech 

Date Finished: 2-21 -12 

Borehole Number: DH-3 Logger: Travis Goracke 

I Borehole 
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Elevation Ground: 3458 
and Datum: 
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Notes: South Boring. Elevation provided by Great West Engineering. 

MATERIAL DESCRIPTION 

FILL - Lean Clay - brown, stiff to very stiff, moist , scattered fine grained sand 
lenses and fine to coarse subrounded gravel. 

~~-.,,,,=:-=-:::-:-:-:-==----:-:---,...----------:'.'"'--.,---.,---:--:----------:-:-,...------+15 
BENTONITE - yellow to gray, very soft rock. moist, blocky structure, high 
plasticity. 

l:!:::!=lf------~------..,---.,--,-----...,.----,...---.,.---------~-----------+-'18 
SHALE - gray, moderately hard rock, weathered from 18 to 33 feet, blocky 
structure from 18 to 33 feet, thinly laminated from 33 to 76.8 

Highly fractured zone noted from 35 to 37 feet. 

Iron staining noted In joint at 36.8 feet. Broken zone with thin bentonite lenses 
noted from 37 to 37 .2 feet, maintained circulation . 

Iron staining noted in joint at 41 .5 feet. 
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Project Name: Billings landfill Phase V Expansion 

I Borehole Location: See Drawing 550852-1 I Sheet _ 2_ of _ 2_ 

Borehole Number. DH-3 

I Drilling Equipment: BK-81 

Elevation Ground. 34 58 
and Datum: 
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Driller: Haztech Logger. Travis Goracke 

I 
Borehole 
Diameter (in.): 8.25 Date Started: 2-21-12 Date Finished. 2-21 -12 

Notes: South Boring. Elevation provided by Great West Engineering. 

MATERIAL DESCRIPTION 

SHALE - gray, moderately hard rock, weathered from 18 to 33 feet, blocky 
structure from 18 to 33 feet. thinly laminated from 33 to 76.8 

6 inch weathered zone noted at 65 feet, highly fractured from 65 to 68 feet. 
maintained circulation. 

Bentonite Infilling noted In joints at 68 feet. 

6-lnch weathered zone noted at 69.5 feet. 

~-BENTONITE -yellow to gray, very soft rock, blocky structure, high plasticity. 
= SHALE - gray. moderately hard rock, thinly laminated. 

= = Bentonite infilling noted in joint at 81 .8 feet. 
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Thin interbedded bentonite seams noted from 88.2 to 88.6 feet. 

'= \ 6-inch bentonite zone noted from 89.5 to 90 feet. 
End of Boring. 
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GRAIN SIZE DISTRIBUTION 
Project: Billings Landfill Phase V Expansion 

Location: See Drawing 550852-1 

Number: 114-550852 Figure No. 6 
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Project: Billings Landfill Phase V Expansion 

Location: See Drawing 550852-1 

Number: 114-550852 Figure No. 7 
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GRAIN SIZE DISTRIBUTION 
Project: Billings Landfill Phase V Expansion 

Location: See Drawing 550852-1 

Number: 114-550852 Figure No. 8 
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GRAIN SIZE DISTRIBUTION 
Project: Billings Landfill Phase V Expansion [-n: J TETRA TECH 

II) Location: See Drawing 550852-1 
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3 Number: 114-550852 Figure No. 9 
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GRAIN SIZE DISTRIBUTION 
Project: Billings Landfill Phase V Expansion 

Location: See Drawing 550852-1 

Number: 114-550852 Figure No. 10 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

"' :>I 
t: 

U S SIEVE OPENING IN INCHES U.S. SIEVE NUMBERS HYDROMETER 

6 " 3 2 I 5 1 314 l/2 318 l <I 6 8 IO 14 16 50 60 H)O 140 200 
1 oor--;--~~-~~-~~~~~-..~-.r---~---..R=::::::::-=•~-..-.-~~~-,.-~.---, 

90 

80 
I 
I 

70 ~ -------

..... 
J: 
!-2 60 I-'--.---

~ 
> 
CJl 
0:: 
~ 50 
u:: 
~ 
w 
~ 40 
UJ 
Cl. 

30 

20 

10 

COBBLES • 
GRAVEL 

coarse fine 

Specimen Identification 

DH-3 - (70 - 75 ft) 

Specimen Identification 

DH-3 - (7!_- 75 ft) 

( 1\:] TETRA TECH 

-1.l -+-+--'---

GRAIN SIZE IN MILLIMETERS 

SAND 
.1 coa_rse~_med1um 

_J SILT OR CLAY 
fine -~' -----

0 100 

Classification 

LEAN CLAY(CL) 

060 030 010 ----
2 

+---- - ·-

LL PL 

48 20 

-=I-----

Pl 

28 
Cc Cu 

t --+-.j --
1 

·--
L ~ ---1 

%Gravel %Sand %Silt %Clay 
0 2 t 98 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

~ en 

I 
en 
=>. 
~ 

N 

~ 
~ 
8 _, 
.... 
~ 
~ 
~ z 
3 
co 

100 

90 

80 

70 

I-:x: 
Q 60 w 
!: 
>-
Ill 
a: 
~ 50 
u:: 
I-z 
w 
~ 40 
w 
a.. 

30 

20 

10 

0 

U.S. SIEVE OPENING IN INCHES I 

6 4 3 2 1.5 1 314 112315 3 

I I I I 

I 
' 

100 10 

COBBLES 
GRAVEL 

coarse I fine 

Specimen Identification 
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Specimen Identification 
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GRAIN SIZE IN MILLIMETERS 
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SILT OR CLAY I coarse medium fine 

Classification LL PL Pl Cc Cu 
FAT CLAY(CH) 55 22 33 

D100 D60 D30 D10 %Gravel %Sand %Silt %Clay 
0.85 0 1 99 

GRAIN SIZE DISTRIBUTION 
Project: Billings Landfill Phase V Expansion 

Location: See Drawing 550852-1 

Number: 114-550852 Figure No. 12 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

Moisture Density Relationship 
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Test specification: ASTM D 698-07 Method A Standard 

Elev/ ClaulftcatJon Nat. 
Sp.G. LL Pl 

•.4 > %< 

Depth uses AASHTO Moist. ... No.200 

l 5.0'-20.0' 

TEST RESULTS MATERIAL DESCRIPTION 

Maximum dry density = 102.9 pcf Lean CLAY 

Optimum moisture = 19.6 % 

Project No. 114-550852 Client : Great West Engineering Remarka: 

Project: Billings Landfill Phase V Expansion 

o Source of Sample: DH- I Depth: l 5.0'-20.0' 

Tetra Tech, Inc. 

Bllllnas. MT Figure 13 
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PERMEABI LITY TEST REPORT 
TEST DATA : SAMPLE DATA : 
Specimen Height (cm) : 5.08 Sample Iden t i f i cot ion : DH-1 15.0'-20.0 ' 
Specimen Diameter (cm) : 7 . 1 1 
Dry Unit Weight (pcf) : 97 . 9 Visual Description : 
Moisture Before Test (") : 19 . 7 
Moistur-e After Test (~) : 0 . 0 Remarks : Sp Gr- 2 . 66 Por 0 . 4104 
Run Number : 1 • 2 • 
Cel I Pr-essur-e (ps i ) : 65 .0 Max imum Ory Density (pcf) : 102.9 
Test Pressure(psi) : 60.0 Optimum Moistur-e Content (X) : 19 . 6 
Bock Pressure(ps i ) : 57.9 ASTM(0698) 
Di ff . Head (psi) : 2 . , Pe rcent Compact ion : 95 . ,~ 
Flow Rote (cc/sec) : 5 . J5 • 10- 4 Permeometer t y pe : Fl exwo I I 

Per-m . (cm/sec): 4 .8• • 10--1 Sample t ype : Remolded 
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Project : Bi 11 ings Londf i I I Phase V Expans ion Pr-oject No .: 11 4-550852 

Locot ion : Fi le No .: 229 

Dote : 3/26/2012 Lob No .: 

PER~EABILITY TEST REPORT 
Tested by : 

Checked by : 

TETRA TECH Test : CH - Constant head 
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PERM EABI LITY TEST REPORT 
TEST DATA : SAMPLE DATA : 
Spec imen He i ght (cm) : 1 . 78 Samp l e Iden t i f i cot ion : DH - 1 25 . 0 ' - 30 . 7 ' 
Speci men D i ameter (cm ) : 3.56 
Dry Unit Weight ( pc f) : 125 . 0 Visuo I Descript i on : 
Moisture Before Test ( ~) : 9 . 0 
Moisture After Test ( ~ ): 0 . 0 Remarks : Sp Gr 2 . 70 Por 0 . 2583 
Run Number : 1 • 2 • 
Ce l I Pressure ( psi ) : 65 . 0 Max imum Dry Dens i ty (pc f ) : 
Test Pressure(ps i): 62 . 0 Optimum Mo i sture Content (~ ): 

Boc k Pressure ( psi) : 57 .7 
D i ff . Heod ( ps i): 4 . 3 Percent Compoc t ion : 
Flow Rate ( c c / sec) : 1 01 " 10·-:1 Perme ameter type : Fl exwo I I 

Perm . ( cm/sec ) : 5.94 " 10·-9 Sample type : Re molded 
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Pro j ec t : Bi I Ii ngs Landf i I I Pha s e V Expansi on Proj e c t No .: 114- 550852 

Loca t ion : F i le No . : 225 

Dote : 3/19/ 12 Lob No .: 

Tested by : 
PERMEABILITY TEST REPORT 

Checked b y: 

TETRA TECH Test : CH - Co nstant head 
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PERMEABILITY TEST REPORT 
TEST DATA : SAMPLE DATA : 
Specimen He i ght (cm) : 1 . 78 Sample Iden t i f i cot ion : DH-1 35.0'-40 . 7 ' 
Specimen Diameter (cm) : J . 56 
Dry Unit Weight (pcf) : 123 . J V i sual Description : 
Mo isture Before Test (~) : 10 . 0 
Mo isture After Test (%) : 0 . 0 Remarks : Sp Gr 2 . 72 Por 0 . 2736 
Run Number : 1 • 2 • 
Cel I Pressure (psi) : 65 .0 Maximum Dry Density (pcf) : 
Test Pressure(psi) : 60 . 0 Optimum Moisture Content (~): 
Bock Pressure(psi) : 57 . 6 
Di ff . Head ( ps i): 2 . 4 Percent Compaction : 
F l ow Rote (cc/sec): e . ~9 " 10--11 Permeometer type: Fl exwo I I 

Perm . (cm/sec): 7 . 121110--9 Sample type: Remolded 

TIME - t (sec) 
0 250000 500000 750000 1000000 

0 

'~ .... 
,,....... "-0 1 
0 

' 
..._, 

~ "' 2 "-. 
I "I'--.. w 

:E 

" ::> 
!'-... ...J 

0 3 

" > 
~ 

...... 
0 '"'--. ...J 
~ 4 

,,....... 5 
0 1 II 10•- 8 Q) 
0) 

......... 8 II 10•-9 
E -0 8 II 10•-9 ..._, 

,:,/. 

I 4 11 10•- 9 

~ 
H 
...J 
H 2 IC 10--9 al 
<( 
w 
2 
0::: 
w 
0.. 1 IC 10• -9 

0 25 50 75 100 
AVERAGE HYDRAULIC GRADIENT - dH/L (cm/cm) 

Project : Bi 11 ings Londf i I I Phase V Expansion Project No .: 114-550852 

Locot ion : Fi le No .: 226 
Dote : 3/19/2012 Lob No .: 

PERMEABILITY TEST REPORT 
Tested by : 

Checked by : 

TETRA TECH Test : CH - Constant head 
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PERMEABILITY TEST REPORT 
TEST DATA : SAMPLE DATA : 
Speci men He i ght (cm) : 1 . 78 Samp l e Iden t i f i cat ion : DH-1 45 . 0 '-45.6 ' 
Spec i men Diameter (cm) : 3 . 56 
Dry Un i t We ight ( pcf) : 122 . 9 Visua I Descript i on : 
Mo i sture Before Test (~) : 10 . 6 
Mo i sture After Test (7.) : 0 . 0 Remarks : Sp Gr 2 . 7 3 Par 0 . 2791 
Run Number : 1 • 2 & 

Ce I I Pressure (psi): 65 . 0 Maxi mum Dry Density (pcf) : 
Test Pressure(ps i): 60 . 0 Optimum Moisture Content (~): 

Back Pressure(psi ): 57.6 
D i ff . Head ( psi ) : 2 . 4 Percen t Compact i on : 
Flow Rote (cc/s e c) : 2 . 4-0 • 10·-e Permeometer t y pe : Fl e><wo I I 

Perm . (cm/ sec) : 2 .56 • 10--9 Sample type : Remolded 
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Projec t : B i I Ii ngs Land f i I I Phase V Expans i on Project No . : 114- 550852 

Loco ti on : Fi l e No .: 224 

Date : 3 / 19/20 12 Lab No . : 

Tested by: 
PERMEABILITY TEST REPORT 

Checked by: 

TETRA TECH Te s t : CH - Constant head 
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PERMEABILITY TEST REPORT 
TEST DATA : SAMPLE DATA : 
Specimen He ight (cm) : 1 . 78 Sample Iden t i f i co t i on : OH-2 20 . 0'-25 . 4' 
Specimen Diameter (cm) : 3.56 
Ory Unit Weight (pcf) : 120 . 1 Visual Oesc rip ti on : 
Moisture Before Test (%) : 9 .9 
Moisture After Test (~) : 0 . 0 Remarks : Sp Gr 2 . 70 Por 0 . 2875 
Run Number : 1 • 2 .. 
Cel I Pressure (psi): 65 . 0 Maximum Dry Density (pcf) : 
Test Pressu re(ps i) : 60 . 0 Optimum Mo is ture Content (%) : 
Bock Pressure(psi) : 57 . 3 
0 i f f. Head (psi) : 2 . 7 Percent Compoc t ion : 
Flow Rote (cc/sec): a.:z.a x 10· -e Permeometer type : FI exwo I I 
Perm . (cm/sec) : 7 .87 " 10• -9 Sample type : Remolded 

TIME - t (sec) 
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Dote : 3/26/2012 Lob No .: 

PERMEABILITY TEST REPORT 
Tested by : 

Checked by : 
TETRA TECH Tes t : CH - Constan t head 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

PERMEABILITY TEST REPORT 
TEST DATA : SAMPLE DATA : 
Spec i men He i ght (cm) : 1 . 78 Sample Iden t i f i cot ion : DH-2 35 . 0'-35 . 4 ' 
Speci men Diameter (cm). 3 . 56 
Dry Un i t We igh t (pcf) : 125 . 8 Vi suo I Descr i pt i on : 
Mois tu re Before Test (~ ) : 7 . 3 
Moisture After Test ( "- ) : 0 . 0 Remarks : Sp Gr 2 . 72 Por 0 . 2594 
Run Number : 1 • 2 .. 
Ce I I Pressure ( ps i) : 65 . 0 Ma ximum Dry Density ( pcf ) : 
Test Pressure(psi ): 60 . 0 Opti mum Mo i sture Con tent ( ~ ) : 

Bock Pressure ( psi) : 57.3 
0 i f f . Head ( psi ) : 2 . 7 Percent Compoc t ion : 
Flow Rote (cc/se c) : e . 211 • 10·- e Permeometer type : F' I exwo I I 

Perm . (cm/sec) : 5 89 • 10• -9 Samp le type : Remolded 
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Tested by : 
PERMEABILITY TEST REPORT 

Che cked by : 

TETRA TECH Test : CH - Constant head 
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PERMEABILITY TEST REPORT 
TEST DATA : SAMPLE DATA : 
Specimen Height (cm) : 2 . , 6 Sample Iden t i f i co t ion : OH-3 55 ' -60' 
Specimen Diameter (cm) : 6 . 07 
Ory Unit We i ght (pcf) : 146 . J Visual Oesc .- i pt ion : 
Moisture Before Test (X) : 6 . 5 
Mo isture After Test (%) : 0 . 0 Remarks : Sp Cr 2 . 73 Par 0 . 14-17 
Run Number : 1 • 2 A 

Cel I Pressure (psi) : 65.0 Maximum Ory Density (pcf) : 
Test Pressure(psi) : 60 . 0 Optimum Mo isture Con tent (%): 
Bock Pressure(psi): 57 . ... 
0 if f . Head (psi) : 2 . 6 Percent Compact ion : 
Flow Rote (cc/sec ) : 9 . 27 • 10·-a Permeameter type : Fl e>Cwa I I 

Perm. (cm/sec) : 3 . 83 • 10·-11 Sample type : Core 
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Project : Bi 11 ings Landt i I I Phase V Expansion Project No .: 114-550852 

Local ion : Fi le No . : 222 

Dote : 3/12/12 Lob No .: 

PERMEABILITY TEST REPORT 
Tested by : 

Checked by : 

TETRA TECH Test : CH - Constant head 
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PERMEABI LI TY TEST REPORT 
TEST DATA : SAMPLE DATA : 
Specimen He ight (cm): 2 . 20 Sampl e Iden t i f i ca t ion : OH-3 70 ' -75 ' 
Specimen Diameter (cm) : 6 . 10 
Dry Unit We igh t ( pcf ) : 1 38 . 7 Visual Descrip t ion : 
Moisture Bef o re Test (~) : 7 . 3 
Moisture After Test ( ~ ) : 0 . 0 Remarks : Sp G r 2 . 73 Por 0 . 1860 
Run Number : 1 • 2 • 
Ce I I P ressure ( ps i) : 65 . 0 Ma ><i mum Ory Dens i ty (pc f) : 
Te st Pressure (psi): 60.0 Op t i mum Moisture Cont ent (%) : 
Bock Pressure(ps i) : 57 . 6 
Di ff . Head (ps i) : 2. 4 Percent Compaction : 
Flow Rate (cc/sec ) : 1 81 • 10--7 Permeome ter type : 
Perm . ( cm/sec ): 7 . 16. 10--1 1 Samp l e type : Core 
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Locot i o n · Fi le No .: 221 

Do t e · Lab No .: 

Tested by : 
PERMEABI LITY TEST REPORT 

Checked by : 

TETRA TECH Test : CH - Cons tant head 
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PERMEABILITY TEST REPORT 
TEST DATA : SAMPLE DATA : 
Specimen Height (cm) : 2 . 22 Sample Iden t i f i cot ion : OH-J 85 '-90' 
Specimen Diameter (cm): 6 . 10 
Dry Uni t Weight (pcf) : 137 . 5 Visual Descript i on : 
Mo i sture Before Test (X) : 7 . 6 
Moisture After Test (~) : 0 . 0 Remarks : Sp Gr 2 . 73 Por 0 . 19.JJ 
Run Number : 1 • 2 " Cel I Pressure ( ps i): 65 . 0 Mo>< i mum Dry Dens i ty (pcf) : 
Test Pressure(psi) : 60 . 0 Optimum Moisture Content (X): 
Bock Pressure(psi) : 57 . J 
0 i f f . Head (psi) : 2 . 7 Percent Compac t ion : 
F'low Rote (cc/sec) : 5 . J9 .. 10·-e Permeometer type : F'I e><wO I I 
Pe rm . (cm/sec) : 2 . 19 • 10--11 Sample type : Core 
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Project : B i 11 ings Londf i I I Phase V Expansion Project No .: 114-550852 

Location : Fi le No .: 223 

Do t e : 3/12/12 Lob No .: 

PERMEABILITY TEST REPORT 
Tested by : 

Checked by : 

TETRA TECH Test : CH - Constant head 
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p RMEABLLITY T s R PORT 
TES1 UATA SAMP LE 0A1A 

-
(cm): 4 !:> 0'- 45.6' Spe cimen He 1 gr1 t 1 78 S a mple I den t 1 f •col 1 on: DH 1 

Spec mer. Diame t er (cm) 3 56 
Dr t Un I t Wei gri t ( p c f ) 122 9 Vi s ual Descr1p t o n 

'vlo•sture Befor e Te s t ~%) 10 6 
Moist ...J re At ter Tes t (% 0 0 Rema r k s 
Run Numoer 1 • 2 4 

Ce 1 1 Press u re (psi). 6~ 0 Maxi mum Dry Dens 1 t y ( p c t ) 

Te s t Pressure( p s i). 60.0 Op t 1 mum Moi sture Co n ten t (%). 

BocK Pressu re(ps1) 57 6 
D t f Head ( ps I) 2. 4 Pe rcent Compo c t ion· 

Flow ~Ott; (cc/sec):2 40• •o·-s P e r meometer t y pe Fle xwol I 

Perm l_cm/sec) · 2 56 • 10--9 Samp l e t y pe Remol ded 

TIME - l (se c) 
0 250000 500000 750000 1000000 

() 
.............. ~ 

---... r-.... ,..... 
u 1 -u ~ -'-" r--t--- ............ 
> 
'1J 

'.2 ' 
..... I I 
~ I :J 
__J 

0 3 

I > i >: 
0 T 
..J I 

u. 4 

I I 
1 

5 I ,, 
v 

• < 10·-8 I I I 
ill I 
'-.. ~ ' 10· -9 I 

~ 
I.) 

10· ·9 
I 

'-" 0 ' 

..,: 

4 • 10· 9 

>-
I-

•' H 
__J I I ...... 

1. • ·o· 9 
I 

a:; 

I I 
I 

< w 
::::;. I 

I I 
CY 
'...u 
Q I • IQ• ~ 

0 25 50 75 iJO 
AVERAGE HYDRAULIC GRADIENT - d H/L (cm/cm) 

;:: f c e:c . BILLINGS LANDFI...L [MANSI ON Projec t No 1~4-550852 

L...oco t 1 on· Ft I e No 224 
Do~e 3/19/2012 Lao No 
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PERM EAB LITY T ST R PORT 
TEST DATA : SAMPLE DATA 
Specimen Height (c:n). 1 78 S a mple Iden t i f i cot 1 on : DH-1 35 .o· - 40 7 
Specimen Diameter (cm) 3 56 
Dry Uni Weight (pc f ) 123 3 Visual Descr 1 pt i on 
Moisture Be fore Tes t (~) 10 0 
Mo ist ure A f le r Test ("'-) 0 0 Re marks· 
Run Number 1 • 2 j. 

Ce I I Pressure (psi): 65 0 Mo>< i mum Dry Density (pc f ) 
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Moisture Before Test (3) 9 0 
Moisture After Test ( 7.) 0 0 Remarks . 
Run Number 1 • 2 ;. 

Cel Pressure ( psi) . 65 0 Max i mum Dry Density ( pcf ). 
Tesl Pressu re \ps1 ). 62.0 Op l 1 mum Moisture Conten t ( %): 
Bock Pressure(psi) . 57.7 
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['"ft; J TETRA TECH 

April 13, 2012 

Mr. Bruce Siegmund 
Great West Engineering 
PO Box 4817 
Helena, Montana 59604 

Delivered via email 

SUBJECT: Additional Test Results and Historical Data 
Billings Landfill Phase V Expansion 
Billings, Montana 
Tetra Tech Project No. 114-550852 

Dear Mr. Siegmund: 

At your request, we have performed hydrometer testing and researched previous 
geotechnical investigations performed for the Billings Landfill for your use in preparing 
models for the City of Billings. Attached are the results for hydrometer testing, "Preliminary 
Subsurface Soils Investigation - Billings Sanitary Landfill• dated August 17, 1977, and 
"Billings Landfill Field Exploration Services" dated August 14, 1990. 

If you have any questions regarding this information, please contact us. We appreciate the 
opportunity to provide geotechnical engineering services to you on this project. 

Respectfully submitted, 

Tetra T-ech 

Travis Goracke, P.E. 
Geotechnical Engineer 

TG/ba 

Enclosures 

N:\TYPING\GEOTECH\550852\Additional lnfo\Phase V Additional Info Letter.docx 

Tttro Ttch 
PO 3o1 JOol 5 s.u "I) MT 59 1 

o/8 M.1h 15 :lue•r. Jdhr.gs. Mi >9101 
Tel •D:,1 ~89/ol Fo11 .f061189281 "'"""'r~uawncom 
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Particle Size Distribution Report 
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50 • .,._ - - t -- "" 50 
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100 
100 10 0 01 0 001 

GRAIN SIZE - mm 
% Fines 

S lit Cla 
% +3" 

% Gravel 
Coarse Fine 

% Sand --
Coarse Medium Fine 

0.0 00 00 0 0 1.0 23 63 8 32 9 

SIEVE PERCENT SPEC: 
SIZE FINER PERCENT 
r: IO 100 0 
... 20 99 4 
u.w 99 .0 
-= 80 98 3 

::200 96 7 

(no spec1 licauon pro' 1dcd l 

PASS? 
(X=NO) Lean Cla) 

PL= 19 

Dgo= 0 0620 
050= 0 0148 
D10= 

USCS= CL 

Ion 

Atterbgrg Limits 
LL= 43 

Coefficients 
0 85= o os53 
030= 0 0039 
Cu= 

Classification 

Pl= 2.t 

AASHTO= A· 7-6(25> 

Re arks 

Source of Sample: DH- I Depth : IS 0'- 15 9' 
Date: 

Tetra Tech , Inc. Client: Great West Engineering 
Project: B1llmgs Landfill Phase V Expansion 

Billin s MT Pro·ect No: 114-550852 Fi ure 
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Particle Size Distribution Report 
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•t. +3" 

'lo Gravel % Sand 
Coa,..e Fine Coarse Medium Fine 

0.4 Fines 

0.0 0.0 0.0 0.0 0.4 1.9 

SIEVE PERCENT SPEC.* I PASS? 

SIZE FINER PERCENT (X• NO) 
Material Description 

Silt 
#10 100.0 
#20 99.8 
?40 99.6 
ff 80 99 2 
#200 97.7 

Atterbtrg !:.lm!ts 
PL= 28 LL= 44 Pl= 16 

C2tffic ient1 
Dgo= 0.0576 085= o.o5o4 060= o 0247 
0 50= 0.0 148 030= 0 0034 015= 0 00 14 
0 10= Cu= Cc= 

USCS= ML A· 7-6( 19) 

Remarks 

(no spcc1ficnuon provided) 

Source of Sample: DH- I Depth: 25.0'-25 7' 
Date: 

Client: Great West Engllleering 
Project: Billings Landfill Phase V Expansion 

Tetra Tech, Inc. 

Billin s MT Pro ect No: 11 4-550852 Fi ure 
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I Particle Size Distribution Report 
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Yo Fines 
Fine Si lt Clay 

I 
00 

SIEVE PERCENT 

0.0 0.8 52.2 0.0 0.0 0.0 -1 7.0 

SPEC." PASS? Material Description 
SIZE FINER PERCENT I (X=NO) Fat Clay 

I 
I 

:t40 I 100.0 
1#80 99.7 
=200 99.2 

Atterb~rg l..imits 
PL= 19 LL= 59 Pl= 40 

Coefficients 

I 
Dgo= 0.0326 0 85= 0.0239 D6o= 0 0088 
050= 0.0058 030= 0.0019 D15= 
D10= Cu= Cc= 

Classificat ion 
USCS= CH AASHTO= A-7-6(44) 

I Remarks 

I • (no 'pec1ficm1on provided) 

I 
I 

Source of Samp le : DH- I Depth : 35.0'-35 5' 
Date: 

I Client: Great West Engineering 

I 
Project: Billings Landfill Phase V Expansion 

. Project No: 114-550852 

Tetra Tech, Inc. 

Billin s MT Figure 

I 
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Particle Size Distribution Report 
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SIEVE PERCENT I SPEC." 
SIZE FINER PERCENT 
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Ii 10 99 7 
#20 99.4 
#40 99. l 
i:8o 98 .9 

'1200 97 0 

I 

. 
(no spcc1fica11on provided) 

Coaraa Medium 

OJ 0.6 

PASS? 
(X•NO) 

Fine 

2.1 

Lean Clay 

PL= 19 

Dgo= 0.0567 
050= 0.0116 
010= 

USCS= CL 

Slit 

60.3 

Material Description 

Atterberg Limits 
LL= 43 

Coefficients 
Das= o.0486 
030= 0.0031 
Cu= 

Classification 

Clay 

36 7 

Pl= 24 

AASHTO= A-7-6(25) 

em arks 

Source of Sample: DH-2 Depth: 20 0'-204' 
Date: 

Tetra Tech, Inc. Client: Great West Engineering 
Project: Billings Landfill Phase V Expansion 

Billin s MT Pro ect No: 114-550852 Fi ure 
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SPEC: PASS? 

PERCENT (X:NO) 

6.3 

Lean Cla) 
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Dgo= 0 0643 
D50= 0.007 1 
D10= 

% Fines 
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ion 

Lim its 

Coefficients 
0 85= o 0528 
D30= 
Cu= 

Cl fcation 

Pl= ?.7 

10 

50 

70 

80 

90 

Clay 
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USCS= CL AASHTO= A·7·6( 26l 
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Source o f Sample: 0 11-2 Depth : 35 0'-35 4' 
Date: 
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% +3" 
% Gravel '.4 Sand % Fines 

Coarse Fine Coanse1 Medium Fine Slit Cla 

0.0 0.0 0.0 3.4 1.3 2.3 37 7 55.3 

SIEVE PERCENT I SPEC.* I PASS? 

SIZE FINER PERCENT (X• NO) 
Material Pescr!ptlon 

Fat Clay 
#4 100.0 

#1 0 96.6 
#20 95.9 
#40 95.3 
#80 I 94.6 

=1200 93 0 

All~rbug Limit§ 
PL= 20 LL= 67 P l= 47 

Coefficients 
Dgo= 0.0587 Des= 0.0424 Dao= o 0059 
0 50= 0.0040 030= 0.0015 015= 
D1o= Cu= Cc= 

Classification 
USCS= CH AASHTO= A-7-6(48) 

I 
R marks 

. 
(no spec1ficat1on pro\ tded) 

Source of Sample: DH- I Depth: 45 0'-45 4' 
Date: 

ii Client: Great West Engineering 

I Project: BiUings Landfill Phase V Expansion 
Tetra Tech, Inc. 

Billin s MT Pro ect No: 114-550852 Fl u re 
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% Gravel ~. Sand 

Coarse Fi ne ~Coarse Medium 
% Fines 

Fine Sill Clay 

00 0.0 0.0 0.0 0.4 4.3 57.3 38 0 

SIEVE PERCENT SPEC.* PASS? Material Description 
SIZE FINER PERCENT (X=NO) Lean Clay 
!IJO 100.0 
,!;20 99.9 
~-1 0 99.6 
:igo 98.9 
::200 95.3 

Atterber Limits 
PL= 19 LL= 42 Pl= ?~ -.> 

Coefficients 
Dgo= 0 064 5 0 85= 0.0574 050= 0 0298 
0 50= 0.01-13 030= 0.0035 0 15= 0.0013 
01 0= Cu= Cc= 

Cla slflcat'on 
USCS= CL AASHTO= A-7-6(23) 

Remarks 

(no \pcc1fica11on pro' 1dcd) 

Source of Sample: DH-3 Depth: 55 0'-60.0' 
Date: 

Tetra Tech , Inc. Client: Great West Engineering 

1
1 Project: Bill ings Landfill Phase V Expansion 

Billin s MT 1 Project No: 114-550852 Fi ure 
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% Gravel 1 'h Sand 
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SIEVE 

SIZE 
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Coarse Fine Coarse Medium 

0.0 0.0 0.0 0 .3 

PERCENT I SPEC: PASS? 

FINER I PERCENT (X• NO) 
100.0 I 

99.8 
99 7 
99 4 
98 4 

• (no spcc1ficat1on pro' 1ded) 

Source of Sample: DH-3 Depth: 70.0'-75 o· 

Fine 

1.3 

Lean Clay 

PL= 20 

Dgo= 0.0594 
050= 0.0081 
010= 

USCS= CL 

% Fines 
Slit 

59.2 

Material oescrjptlon 

Atterberg Limits 
LL= 48 

Coefficients 
085= o.o53o 
030= 0.0027 
Cu= 

Classiflca ·Qll 
AASHTO= 

Remarks 

Pl= 28 

Clay 

39.2 

060= o 0 140 
015= 
Cc= 

A-7-6(30) 

Date: 

Tetra Tech, Inc. Client: Great West Engineering 
Project: Billings Landfill Phase V Expansion 

Billin s MT Pro ect No: 114-550852 Fl ure 
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Particle Size Distribution Report 
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SIEVE PERCENT SPEC: 
SIZE FINER PERCENT 
::20 100 0 
::.io 99 8 
::80 99 7 
::~00 99 2 

(nn \pcc1tica11on pro' tdcd) 

PASS? 
(X=NO) Fat Clay 

PL= 22 

090= 0 0624 
050= 0 0227 
01 0= 

USCS= Cll 

Material Description 

Coefficients 
0 85= o.os1s 
030= 0.0047 
Cu= 

Classif ica 'on 

Pl= 33 

AASHTO= A-7-6(37) 

Remarks 

Source of Sample: DH-3 Depth: 85 o·.90 o· 
Date: 

Tetra Tech, Inc. Client : Great West Engineering 
Project: Billings Landfill Phase V Expansion 
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RF.PORT 
OF 

PRF.Ll:ll'JARY SU'3SUflF/\CE SOILS ltlllF.STl'~/\Tf'1'J 

S/\111 TARY LAIWF I LL 
Billings, Montana 

TO 
HE~IM I IJGSOll, OIJRHA'I & ~I CHARDSO I 

COIJSUL TI !JG EIJG I 11H RS 
t-'el cnri , :tontana 

PREPARED 
BY 

tlORTHERll TEST I 'IG LAB ORATOR I ES, I tlC. 
COllS UL Tl :!G r.EOTECH:l I CAL EilG I !!EE~S 

Billi ng s, t'ont ,ina 

Jl.11GlJS T , 1 ~77 



I 

~ 
I 
I 
I 
I 
I 
I 
I 
f 
I 
I 
I 
I 
I 
I 
I. 
I 
I 

.Jch 11icol E11 rri11 een"11 " 4":> ,-, 

Fie/cl a nd La!)()ratory !n t· c•, t iJ!tlflOll ~ 
En~1 nern11J! Analys is w1<l Ut•co111m r n dut1011, 

C'un ~ u ltatwn 

Great Falls Billings Monta11a Boise 

/1ug us t 17 , 1J77 

Id aho G ill<' tt e 11\om rn,i: 

P . 0 . B ox J06r5 
600 Sout h T 1cenl 11·/i/th St rcr t 
Billings, .l:Jo 11 ta11a 5910.J 
(406) 2.JB-9161 

Ht.!nnirir1son . '.)-.1rli:n & f'licf1CJrdsol"l 
Consu l tinn F. n'li'1Pcrs 
22 25 Eleven th ~venue 
lle l ena , l\on t n '1 a 59601 

AT TE ' IT IO'I: ' I r. 8a r ry F. Oclrischen 

G,~" t 1 e-cn: 

Subj ect: Prelirin;; r y Subsurfa c e 'oi l s lnvest iqa ci '.)n 
Fli 11 ings <iani tcJry L;;n ,:Fi 11 

J-, i'!Ccorrla,,ce .·1ithi our ag r ee""'en t <Jaterl 'lny 11 , 10 77 , •1 e hive 
"'lade ;:i nreli-.iri;;r" SJ:>S..irF.:icP. soils ·n , f'!s t 'or1ti ()n nt tf11> site of · lie 
ornooserl Bi 11 inns s;;nr tar ·1 l .:indfi 11 i>xr .1 nsio '1. Tile pur\"'lose of t"lis 
invest'qation w 1s to orovide s ubsurface infor..,ation fn r us e i n nlclnn i nq . 

A pre I ir,inary scope of 1 ark .·.1s ~c1°looerl in the fiel:l <1ft':!r 
convcr~;:iti0n \·1itli /f)1Jr p<:>rson'1cl , 1 h i cli incl-iaet! th~ '"nllo·.·1inq: 

I ) qeco-i--,. .,rl<l ti 0 '1 S fo r -,, i r :.m exca v .:i l io'1 rind f i 11 
slooes , b.:ised on OClSt "X;)erience .1i th si-,i l;ir 
soi l t vpcs . 

2) Dc t err1i r.e if r o e !< e.<ca ·1.1tion .ill be req u ired. 

3) ln - plCJcc and r eno l dcd ncr--e.1t>i I; t f tests ro r 
nriceriils used a s cover over t"'c l11d'ill <1nd 
at the bJsc. 

Our f indinris <1rC bricrly su-'"'u r i =-·~ ! !~ci t) \ / cl nd () c or;:i ll'lt! <;uri ·,1r-v 
o f the ficl-1 'l"d lab0 ra:ory t est results .1·1:~ ;:e :, : borin0 locs ire encl n,<' '. 
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Nortlirrn Tr11rng Lobor11tor1r1, lrir. 

Henninqson, Ourh~M & Rich~rdsnn 
He I ena, '1on t ann 

FI ELD l'l'IEST I GAT I Ollt; 

Paqe T1·10 
Auqust 17, 1q77 

Six test borinqs were dri lied to depths Vc'lryinq Fron 17.6 to 
48.9 feet. The locations anrl elevations of the horings were deternineri 
by your personnel. 

Continuous loqs of the soi I conditions \1ere recorded, stanrlArrl 
penetration res is tance and field oerneabi Ii t y tests ma rle, and disturbed, 
undisturbed and fJQ core sanples obtained, rluring the field rlri 1 ling proornn. 
The core sanples were taken in the bedrock nec'lr the estinated base elevation. 
They were class ifi ed and a rock qua I ity designation (RQO) analysis was 
calculated in the field. The RQO factor, shO\·m on the cfrill logs, is 
deterninerl by sunning the length of al I pieces of sound core, 4 inches 
or grenter in length, and dividing this length by the total length of 
the core ru.,. These values provide information helpful in evaluating 
the subsoil perneabi I ity and in deternining t he depth to which the 
Material can be excavnterl. 

/\JO-foot - length of 4-inch-diarneter perforated PVC pipe \·1as 
installed in Ori 11 Hole 4 for water sanpl ing and noni taring gro1Jnd ater 
levels. 

LABORATORY l~V E ST I GATIONS 

Sanples obtained rluring the field exploration werr taken to the 
laboratory where they were carefully inspecterl nnd visually classiFied in 
accordance \Ji th the Unified Soils Classification <;vsten. Rcpresentali1e 
sa~oles v1ere selected for tests to rleterninc the enoineerinq and ohysical 
properties of the soi Is. 

These includer!: To deterr.iine: 

Grain-size distrib11tion ...... .... . . . size and distribution of snil panicles , 
i.e . , clay, silt , sand, grCJvcl. 

Atterberg linits .. . ................. the consistency and ''stickinesc;, ' • as 
11e I I n s the ui n C1 e o f rio i s l u re co., ten t 
11i thin 1vhich the ma ter i -11 is "11ork.ible." 

tlatiral rois ture ............. ....... r·o isture content reprcsen ative nf field 
conditi ons at tine sanple 11;is ta ken. 

tlatural densit•1 ............ ......... dry unit .. ieicht of s.1rpl,? reoresent.Jt i vc 
of in-place undisturherl concl i tinn. 
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Norrl•crn T l'rt1ng f.aboratcrirr, l nr. 

He nninqson . Durh~1 l Rich~rdson 
He I ena. 11on t .1na 

LA B O ~i\Tl'IJ:l.Y 1'11/ESTIGATIO'IS, con t inued 

Page Th ree 
August 17 , 1cp7 

Direct shear .......... . . .. ... .. . .... soi I she.:irinq s trength under 

and/or nois ture conni t ions. 
foundation design and sl ope 
eva I ua t ion . 

va r vinCJ loan 
For use 1n 

sta:lilit y 

Per1e.:ihilit ·1 .... ....... . . .. .. ... .... t he r ;ite a t \•i hich r 1uid (11.-=it e r ) \!il l flOl·I 
through soil o r rock . 

Moisture - '1ensit ·• rel;itionship ....... t he optiriu., (best) l"'lois t ure content i=o r 

conpacting soi I ;inrl the n axiriun dry uni t 
1·1cight (densit y ) fo r a given coroAct ive 
efforc. 

The r esu lt s of a l 1 f ield and labo rat ory tests are su~~Arized on 
the encl'Jseri Taole and Plates . Tn1s i"lfo r rlation , along .1i t h t re fie l d 
observati0~s. ~;is use~ o pre care t ne final test bori"lo logs sho~n in tne 

Acpendrx. Sa ol i"lg and testing procc~ures are furtn~r d escribed in tne 
>-1cp end ix. 

SUBSURFACE CO'IDITI OtJS 

The n a t ur;il s0i l orofi le consists generally o f cla; una<!rla in 
by cla y1s to"e s'1.1le . The si lt y cl ;iy is 1erv s ti ff and ha s rioderate shear 
strength. Pie claystonc shal e bedrock is sl i ghtlv 1·1eathered and • rrictu red 
neAr t he con tact :cne , t~en beco~e s co1oe t cn t ni th depth . I contai rs 
in terbe~ded sea1s o f bentoni te a nd SAndy and si I ts t o.,e sh~lcs . An 
exceot ion to tne above profi le 1·1-'lS encounrcred i n Drill Hole li, 1. here 
bed r oc k w;is no t reachen . 

r: I ' ID I ' I ~S 

I-I P. unr'crst.1nrl t 'ie land'" i ll O.'.)crati o n .1' 11 co'1s is t o~ exc:w.:iti'10 
the na tu ,..dl .,.:iti:-""i;i lc; to u srecif i erl level, p l acino t ie rc•us e. <1'1d 
event Jal l v r "" rwidinri a so i I cove r t o l iriit the infi ltrution o f iu tcr in to 
t h e reius e. 

Exc.:1v ;Hi0ns -.·iii I be in c l;i ·1 i11<1 <. '1,1le . Th1•<;e n;i t~ r i~I<, lre 
general] '/ St.:iblt' cH Mode r He S I ODCS , 1'1d CJ') IW 0XC.clViHCd h ,• COn\-..,, i 1n.~ I 
-e.:ins. A ri ~:cr -~y he r c~uireri in 1 ~ ore CO" c•en sh~le . Pc r -e~hi 1 i tv 
t ests o , bot, i n - o I ,1c t:! ;ind rcrro I clc'1 i;,1 101 l·S in l i - , t c t •1 c i n - 1' ' 1:::c c; r, ;i l I.! 
t-as a ve r 'r , .,., OC'""~c 1bilit -1 ,1nd .ill"<! .:in »•c~llcn ··:1teri1l r '"! r the hist! 
o r t h c I and f i I . I t re I an a i I I l> cl '> l' i s 1 n t h <' c I ,, / o; tr 1 l u"' . i t 1. i I I 
require 0ve re x c Jv 1 11n 1nd reco~o~ct·~., sn '>anl . 

. , t ic ::l,1 •. ·\s indic;1(1'd l>v t 11e ll' '>l r-'S<11l'> 
nae; l e,, t;i ve r 'r 111, ri1·rr-e.rbi Ii t ·1 , ~ , r.1_ tt!~ 1-. c ic-> 
s•1,1lc ir, practicr1llf ir;>t:ro·l!..J!.llc: 

Si') S C1'1 be i nte~r- j nj 

<;"o .. n belo .. . t'1 <:! cl,i·, 
,i.P.n co-=1 .. c tcr1. ,1nc :.~h· 
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Northtrn T tJ11ng l..i/.oratoncr, In<. 

Hennin gson, ~urhan l Richardson 
He I ena, '1on tana 

Paqe Fnu r 
Augus t 17, 1977 

Fl lJDl 'JliS , cont inued 

:1aterial Location nnd f"lepth in Feet Condition Pe rrieab i I it y , C"1/sec. 

CI ay DH 2' 2.2 12. 2 Remo 1 ded ''' 2 x 10-4 

Clay DH 6 , 2 .11 12.4 Re r101 ded:': 6 x 10- 7 

Clay n11 6 , 8.0 8.5 Undis t urbed (I ab) x 10-6 

Shale DH I I 22.6 U.1 Remo l ded"' 5 x 10-7 

Sh.:i 1 c DH 5 I 22 . 5 24.0 Undisturherl ( 1 ah) 2 x lo- 6 

Shale DH 5' 33,3 40.) In - place (field) 3 x 10-6 

'" Samples v1ere remolded at optinuM noi st ure content to 
90 percent of raxinun dry density as determined by 
ASTt1 f)(,q8 . 

criteria: 
Permeabilit y values (K) can be evaluated usi ng the fol lowing 

K in cm/sec. 

Grenter than 10-3 Pe r rieable 

10- 3 to 10-S 

lo-5 to 10- 7 Very Lo~" 

10-7 Practicall y lnpe rmcable 

mater i a 1 . 
Both the clay and sha l e , when conpac t ed, are suitable for cover 

COtlCLUS I f"l IS 

Baserl on a ri1n1~u~ nunber of tests nnrl n~st experi~nce with 
soi ls havinq sini lar physical properties, qeneral qui~clines for planning 
are as follo1·1s: 

1. Pcrr1;ine nt c ut slooes in eit'"ler the sil~v clay nr thP. 
cl~vstonc sh~le should not be steepe r th~n 2:1 
(horizontal to venic,11). 
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Nortl·rrn Tr11111~ I abo1otc11r1, f.,r . 

flcnninnson , Our'nn & Richirdson 
He I cn.1 . ~Ion t.:nn 

P;ioe Five 
Augus t 17 , 1977 

CO~'CLUS I f):tS , cont i ·iued 

2. Fill slopes 1·1il l vriry, dependina on the soil density 
and the refuse content. If uncontarinated (no refuse) 
ma t eri;ils nrc placed in 8- inch Ii rts and coripacted at 
optinun Moisture content to at least 90 percent of the 
naxi"'U'"l d r y density deter""i ned by l\S T'I 0~98 , slopes 
should not be steepe r than 2- 1/2 :1 . 

3. The in- nl ace materials can be excavated to the de pths 
o f ou r test borings using conventional excavation 
e'luipricnt. 

4. Both the sh;ile or c l ay , co~pncted to 90 percen t of its 
rnaxinu~ dry density, can be used for cover 'laterial. 

5. I f clay is e'1countered a t he !lase e levn tion , it shoulrl 
be cxca v;i ted nn nrldi tional 24 inches , repl;iced in 8 - inch 
I ifts , anrl co,o;icterl o 0 5 oercent of t he naxinu~ dry 
densit v as rleter'lined by ASTll %~q. 

If you have any questions concerning this repo r , please contoct 
us at yoJ r conve~ience. 

Respectfully sub~i ~t ~d. 

Larry G . 0 ' De I I . P c . 

LGO/ .. b 
Enc Insures 
In tr i µlic.:ite 
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August 14, 1990 

Oamschen and Associ ates 
P 0 Box 4817 
Helena, MT 59604 

SUBJECT: Billi ng s Landfill 
Field Exploration Services 

ATTENTION: Mr . Barry Oamschen 

Gentlemen: 

At your request and in accordance with our agreement dated Ma y 16, 1990 we have 
completed Tasks II and III of the proposed scope of services for the subject 
project. We have di scussed our findings and recommendations with you as the work 
progressed. 

The f ie ld exploration wa s conducted on May 9 and 10, 1990 . Three borings were 
drilled and ten te st pits excavated during the f ield exploration t o obse rve 
subso il and groundwater condit ions near the central port ion of Lhe landfill site . 
The three exp loration borings and two of t he ten test pit s were compl eted as 
temporary geotechnical observation holes for monitoring seepage levels in the 
claystone. Locations of the exploratory borings and test pits were approximated 
by you, referenced to recent aeri al photography of the site; elevations were al so 
provided by you. The approximate boring and test pit locat ions are shown on the 
enclosed s ite plan. 

Subsoils at the site consist primarily of lean clay underlain by claystone and 
bentonite. The clay soil is typically firm to stiff and has low to medium 
plastici ty. The claystone and bentonite are moderately hard to ha rd rock with 
high plasticity. Joint discontinuities are prevalent in the claystone and appear 
to be a pr imary seepage path in the area. During the field investigation numerous 
seeps were encountered in the test pit s originating fr om joint surfaces exposed 
in the pit walls. 

Enclosed are drill logs for each test pit and exploration boring. Test results 
from laboratory anal ysis of soi l samples, joint orientations and groundwater 
level s are presented on the logs. Re sult s of water quality tests were previously 
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Damschen and Associates 
Helena, Montana 

submi tted in our techni cal r eport dated June 28 , 1990 . 
invest igation and laboratory services is attached . 

Augus t 14, 1990 
Page 2 

The invoice for field 

If you have any questions or if we can be of further serv ice, pl ease cont act us. 

Respectfully submitted 

CHEN -NORTHERN, INC 

David M. Hummel , Jr . , P. E. 

Richard P. Dombrouski 

DMH(RPD}rl 
Enclosures 
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0.0 

nen ~ l'\Jo1111ern, 1nc. 
A member of the (HIH) group of companies 

LOG OF EXPLORATION BORING 

PROJECT BILLINGS LANDFILL HOLE NO 

SHEET I 
LOCATION JOB NO 90-544 

DH-9 0-1 
OF I 

Refer to Si te Plan 
DRILL TYPE SOIL MOBIL 8 53, HOLLOWSTE M AUGERS 

ROCK ELEVATION TOP OF HOLE 3425. l 
GROUNDWA TEA 

r-
~ 

p 
g 
r-

DRILLED BV BEN KRUEGER 
LOGGED BV R DOMBROUSl"I 

REMA RKS 

CLASSIFICATION AND DESCRIPTION 

CLAYSTONE; gray, moderately hard rock, 
laminated, weathered, solts, jointed 

LSS 

L SS 

DATE HOLE STARTED 5/9 / 9 0 
COMPLETED 5 / 9 / 9 0 

-.. 

~'{ 
---~ ,_. 

1:1.' :; 
c.,· ~ 

5<f. 
0.4 16 

50/ 
0. 17 

10 ..;-
r-, 

13.5 50;, L SS 26 0 .3 

BENTONITE; whi te- gray, soft to moderately 
hard rock, high plasticity, moist 

LSS 5~ -0.0 
20.0 

E CLAYSTONE and SHALE: gray, har d rock, LSS 50;, 
fissle, sllghlly weathered 0 .0 , 

~ 
50;, LSS 0.0 

28.5 
BOTTOM OF HOLE 

,~.,,. 119t) CNI 1 • I 

I 
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20 

38,5 
4 0 

\._ l leI l ~ 1 '\lUf LI terr l , ll lC. 
A member of the (HIH) group ol companies 

LOG OF EXPLORATION BORING 

PROJECT . BILLINGS LANDFILL 

JOB NO 90-544 

HOLE NO DH- 90- 2 
SHEET I OF 2 

DRI LL TYPE SOIL MOBIL B 53, HOLLOWSTEM AUGERS 
ROCK 

LOCATION Refer to Site Pl an 

ELEVATION TOP OF HOLE 3454 . 6 
GROUNDWATER 

DRILLED BY BEN KRUEGER 
LOGGED BY R. DOMBROUSKI 

REMARKS 

CLASSIFICATION AND DESCRIPTION 

Leon CLAY; st iff, moist, low ploslic1ty, 
scattered claystone gravels, brown 

CLAYSTONE; dork gray, soft to moderately 
hard rock, lomlno led, salts, jointed, becoming 
sandy below 8 .5 feet, color change to brown 
ol 8.0 feet, methane pocket from 33.5 lo 
38.5 feet 

BENTONITE; white- gray, soft lo moderately 

continued . 

DATE HOLE STARTED 5 / 9 / 90 
COMPLETED 5 / 9 / 9 0 

LSS 49 

LSS 5 <1, 0.4 

LSS 50 
6 .5 

LSS 50-0.3 

LSS 50;, 
0 .4 

LSS 
--~ 5~ 

0 .2 

0 
70.2 

12 

II 

10 

16 

14 

13 

24 
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LOG OF EXPLORATION BORING 
J 0 B NO . _ __.9.__0'--'"""5 __ 4 __ 4 __ HOLENO._~D~H'--~9~0--2~-

CLAS SIFICAT ION AND DESCRIPTION 

continued ... 
BENTONITE; while- gray, sofl to moderately 
hard rock, high plastici ty, moist 

1----t--C_L_A_Y_ST_O_N_E~~~--~~~~~~~-f=L=S==IS 2~0.0 _ 
BOTIOM OF HOLE 

, 

1 .. 
I 

i 

SHEET _ _ 2 _ _ _ OF _2_ 

NET 122C 
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0.0 

10 

20 

-111v11 """' 1 ~u1Lllvl11, 111\..... 

A member of the (HIH) group of companies 

LOG OF EXPLORATION BORING 

PROJECT BILLINGS LANDFILL HOLE NO DH- 90-3 

JOB NO 90-544 
SHEET I OF 2 

DRILL TYPE SOIL MOBIL 8 53. rlOLLOWSTEIN AUGERS 
ROCK 

LOCATION Refer to Site Plan 

ELEVATION TOP OF HOLE 3462. 4 
GROUNOWA TEA DRILLED BY BEN KRUEGER 

LOGGED BY R. DOMBROUSKI 
REMARKS 

CLASSIFICATION AND DESCRIPTION 

DA TE HOL E ST ART ED 5 I I 0 /90 
COMPLETED 5 /10 /90 

L SS 87 II 

LSS 82 10 

LSS sq~ 5 0 .3 

CLAYSTONE: dark gray, moderately hard rock, LSS 
laminated, high salt content, jointed, becoming 6 
hard below 15 feet 

LSS 59, 
5 0.4 

LSS 5~ 13 ._ ..., 
30 -L--:: 

0 .4 

40 
continued .. 

LSS SO;, 
0.4 

LSS SO 
ro.2 
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J 0 8 N 0 . -~9-0..._-5,._4-'-'"4 __ 

LOG OF EXPLORATION BORING 

HOLE NO. DH-90-3 

j ._ I 
l 
~ 
0 

40 

42. 

; 

.. I 

~ I 
I 

CLASS IFICATION AND DESCRIPTION 

CLAYSTONE; dork gray, moderately hard rock, 
laminated, high salt content, jointed, becoming 
hard below 15 feel 

BENTONITE light gray, very soft rock, high 

BOTTOM OF HOLE 
STS 25/, 
LSS O.O 

SHEET --'2=--- 0 F --2._ 

84 167 126 0 4 -9 -

Coef cien of erm abil ty: 
k : 4 x 10 9 c I s c 

NET I, , 
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0 .0 
0.5 
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i1c1 1~1 'lu1 u1e111, u1c. 
A member of the (HIH) group of compan ies 

LOG OF EXPLORATION BORING 

PROJECT BILLINGS LANDFILL 

JOB NO 90-544 
DRILL TYPE SOIL BACKHOE, ,JD610 

ROCK 

DRILLED BY CITY OF BILLINGS 
LOGG ED BY R DOMBROUSKI 

REMARKS 

Ct..ASSIFICATION ANO DESCRIPTION 

CLAYSTONE; dork gray to brown, soft lo 
moderately hard rock, very weathered, 
weakly cemented, thlnly bedded, jointed, thin 
bentonlte seam from 6.0 to 6 .3 feel, low lo 
moderate wal~r Inf low from joints 

BOTTOM OF HOLE 

Joint Or ientations 

I. N 64. W, er· NE 
2. N 69• W, er· NE 
3. N rs• W, 79• SE 

HOLE NO TP- 1 
SHEET I OF 
LOCATION Refer t o Site Plan 

ELEVATION TOP OF HOLE 3433. 5 
GROUNDWATER 

DATE HOLE STARTED 5 / 9 / 90 
COMPLETED 5 / 9 / 90 

41 9 0 57 0 5 - 9 -



I 
1 L \../ l l. ~ - l '( V l. L.1 l. V .l l. l. ' l. l l \..- . 

A rnemoe1 o l lhe (HIH] group o l c.ompt1n 1es 

LOG OF EXPLORATION BORING 

I 
I 
I 
I 
I 
I 
I 
I 
I I 

I 

I 
I 

5 .0 

PROJ ECT BiLLINGS LANDFILL 

JOB NO 90-544 
DRILL TYPE SOIL BACKHOE. JD610 

~ -

L ­
L -
~ 

ROCK 

DRILLED BY CITY OF BILLINGS 

-OGGED BY ~ DOM8riOUSl"I 
REMARKS 

TOPSOIL w1lh organic molerial 

Poorly Graded GRAVEL w1l"1 Sand; ve • y 
dense. sl1ghlly mo1sl, nonploslic, scotlered 
cobbles, estimate a· maximum size, 
subrouded to rounded 

Leon CLAY; stiff, mois t. low 
ploslicily, dor k brown 

to medium 

f CL AYSTONE; dork gray , soft t-_: hard rock, slightly weathered, 
to moderately 
Jointed, salts 

r 

I 0 t-= --
1 \ 120F+-
I I I I 
I 

I I 
I 

L_ 
I 
l __ 

BOTTOM OF HOLE 

- - - -

HOL E NO TP-2 
SHEET I O F I 
LOCATION Refer to Site Plan 

ELtVA l ION TOP OF rlOLE 3473.0 
GROUNDWATER 

DA TE HOL E ST ART ED 5 / 9 / 90 
COMPL ETED 5 / 9 / 90 

1 
-

L.SACK 12 

-
L .SACK I II 

-

J 

! 
I 

I 

u 
I 

l L I 1Rt• 118~1 C"'' 1228 
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0.0 
0 .2 

5 

9.7 

PROJECT 

"--"l tv11~1 "<Ul u lvl 11, u 1~. 

A member o f lhe (HIH] group of companies 

LOG OF EXPLORATION BORING 

BILLINGS LANDFILL H OLE NO 

SHEET 
TP-3 

I OF I 
JOB NO 90- 544 LOCAT ION Refer to Site Pl an 

DRILL TYPE SOIL BACKHOE, JDG IO 
ROCK 

DRILLED BY CITY OF BILLINGS 
LOGGED BY R. DOMBROUSt<I 

REMARKS 

CLASSIFICATION AND DESCRIPTION 

TOPSOIL with organic material 

Leon CLAY with Sand; firm lo st i ff, ver y 
moist, medium plasticity, clayslone 
fragments, brown 

CLAYSTONE; dork gray, moderately hard 
rock, weakly cemented, thinly lommoted, 
jointed, water inflow fromioint of 8.6 feet 

Joint Or ientat ion 

N 25• E, 90° 

BOTTOM OF HOLE 

ELEVATION TOP OF HOLE 3452. 3 
GROUNDWATER 

DATE HOLE STARTED 5 /9 / 90 
COMPLETED 5 /9 / 90 

II 

(Ra- 1in1 c .. 1 12211 
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0.0 

3 .0 

5 

10 

12.0 

PROJECT 

JOB NO 

llCll~l ~Ul LllClll , lilC. 
A memoer of the (HIH] group o f companies 

LOG OF EXPLORATION BORING 

BILLINGS LANDFIL:.... HOL E NO 

SHEET 
90-544 LOCATION 

TP-4 
I OF I 
Ref er to Site Pla n 

DAILL TYPE SOIL BACKHOE, JDGI O 

,--
1. 

r-
r-.. 
L ... 

-.---
r . -
\.__ 

1 

i 
1 
I 
t 

ROCK 

DRILLED BY CITY OF BILLINGS 

LOGGED BY R. DOMBROUSKJ 
REMARKS 

CLASSIFICATION ANO DESCRIPTION 

Leon CLAY; firm to stiff , medium, moist, 
brown 

CL AYSTONE; dork gray, soft rock, 
weathered, moist, laminated, jointed 

BOTTOM OF HOLE 

ELEVATION. TOP OF HOLE 3404.8 
GROUNDWA TEA 

DATE HOLE STARTED 5/9 / 90 
CO MPLETED 5 1 9 / 90 

tR., t~j CNl-1228 
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0.0 

2.5 

5 

10 

PROJECT 

JOB NO 

\_.nen~1"Jonnern,mc. 

A member of the (HIH) group o f companies 

LOG OF EXPLORATION BORING 

BILLINGS LANDFILL HOLE NO TP- 5 
SHEET I OF 

90-544 LOCATION 
I 

DRILL TYPE SOIL BACKHOE, J0610 
Refe r to Site Plan 

I , 
I 

1 

ROCK 

DRILLED BY· CITY OF BILLINGS 
LOGGED BY R DOMBROUSKI 

REMARKS 

CLASSIFICATION ANO DESCRIPTION 

Fol CLAY; stiff, very mois t, high plostlclly, 
salts, brown 

CLAYSTONE; dork groy, soft to moderately 
hard rock, moist, lamlnoted, weakly 
cemented, jointed 

Joint Orientation 

N 22• E, 77• NW 

BOTTOM OF HOLE 

ELEVATION TOP OF HOLE 3398 . 2 
GROUNDWATER 

DATE HOLE ST ARTEO 5/9 / 90 
COMPLETED 5 / 9 /90 

38 

ACK 14 

(Reoo 11111 CNI • 29 
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PROJECT 

JOB NO 

nen ~ 1~01111ern, inc. 
A member o f the [ HIH) group or compan ies 

LOG OF EXPLORATION BORING 

BiLLINGS _ANDFILL HOLE NO TP-6 
SHEET I OF 

90-544 LOCATION Refe r 
I 
to Site Plan 

DRILL TYPE SOIL BACKHOE, JD610 

f 
~ 

t 
0 

0.0 
0.3 

4.5 
5 

9.8 

J 
i 
] 

ROCK 

DRILLED BY CITY OF BILLINGS 
LOGGED BY R. DOMBROUSKI 

REMARKS 

CLASSIFICATION AND DESCRIPTION 

TOPSOIL with organic moter lol 

FILL; Leon Cloy; f irm, moist, medium plastici ty, 
wood debris, garbage and refuse 

CLAYSTONE; gray l o creom, so ft rock, 
laminated, slightly moist, benlonlle seam 
from 6.5 lo 7.3 feet 

BOTTOM OF HOLE 

ELEVATION. TOP OF HOL E 3386.4 
GROUNDWATER 

DATE. HOLE STARTED 5 / 9 /90 
COMPLETED 5 / 9 / 90 

12 
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Lnen ~ l"\Jo11nern, tnc. 
A member ol the (HIH) group of compan ies 

LOG OF EXPLORATION BORING 

PROJECT· BILLINGS LANDFILL 

JOB NO : 90-544 
DRILL TYPE. SOIL MOBIL B 53, HOLLOWSTEIN AUGERS 

ROCK 

DRILLED BY· BEN KRUEGER 
LOGGED BY R. DOMBROUSKI 

REMARKS 

CLASSIFICATION ANO DESCRIPTION 

FILL; Leon Cloy, very moist, f irm to stiff, 
medium plast icity, light brown 

FILL; Garbage and Debris 

BOTTOM OF HOLE 

HOLE NO. TP- 7 
SHEET I OF I 
LOCATION· Refer to Site Plan 

ELEVATION· TOP OF HOLE 3384. 7 
GROUNDWA TEA 

DATE· HOLE STARTED 5 / 9 / 9 0 
COMPLETED 5 / 9 / 90 
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PROJECT 

'--".l J..V.l l. ·~ .L "( Vl Ll lv.l 11, l..l 1 'v. 

A member o f the [HIH) g roup o f companies 

LOG OF EXPLORATION BORING 

BILLINGS LANDFILL HOLE NO 

SHEET 
TP- 8 

I OF 
JOB NO 90-544 LOCATION Refer t o Site Plan 

DAI LL TYPE SOIL BACKHOE, JD610 
ROCK 

DRI LLED BY CITY OF BILLINGS 
LOGGED BY R. DOMBROUSKI 

REMARKS 

CLASSIFICATION AND DESCRIPTION 

TOPSOIL with organic material 

CLAYSTONE; dork gray, soft lo moderately 
hard rock, weak ly cemented, thinly laminated, 
jointed, low waler inflow from iolnf at 2.2 feel 

Joint Or ientation 

I. N 23" W, 8 7 ° SE 
2. N 82" E, 90" 
3. N 1• W, 83" NE 
4. N 70° W, 85° NE 
5. N es· W, 84" NE 

BENTONITE; gray to white, sof t rock, moist, 
hi gh plastici ty 

Probable Cloyslone - Shole contact, 
Proctlcol Bucket Refusal ot 12.0 feet 

BOTTOM OF HOLE 

L. 

s 
A 
c 
K 

ELEVATION TOP O F HOLE 3408.5 
GROU NDWA TEA 

DATE· HOLE STARTED 5 / 9 / 90 
COMPLETED 5 / 9 / 90 

40 
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4 .1 

5 

.nen ~ i~onnern, me. 
A member of the [HIHJ group or companies 

LOG OF EXPLORATION BORING 

PROJECT BILLINGS LANDFILL HOLE NO TP-9 

JOB NO 90-544 
SHEET I OF I 

DRILL TYPE SOIL BACKHOE, J0610 
ROCK 

LOCATION· Refer to Site Plan 

ELEVATION TOP OF HOLE 3400. 6 
GROUNDWATER NONE ENCOUNTERED 

DATE HOLE STARTED 5/9/90 

1 

DRILLED BY CITY OF BILLINGS 
LOGGED BY R. DOMBROUSKI 

REMARKS 

Leon CLAY; f irm, moist, medium plostfcily, 
brown 

CLAYSTONE; groy, slightly moist lo dry, 
weakly cemented, thinly lominoled 

BENTONITE; gray to white, soft rock, very 
moist, high plost lcity 

Probable Cloystone- Shale contact, 
Proctlco Bucke Refusa t 8 e t 

BOTTOM OF HOLE 

COMPLETED 5 /9 /90 

tR.Y Vl91 CN~t228 
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PROJEC T 

JOB NO 

DRILL TYPE SOIL 

ROCK 

DRILLED BY 

\__.nen ~ 1'\Jo1111ern, lnc. 
A member of the (HIH) group o f companies 

LOG OF EXPLORATION BORING 

BILLINGS L ANDFILL HOLE NO TRENCH CUT 
SHEET I OF I 

90-544 LOCATION· Refer t o 

ELEVATION TOP OF HOLE 
CITY OF BILLINGS GROUNDWATER 

TP- 10 

Site Pl an 

3407.5 

LOGG ED BY R. DOMBROUSKI DATE HOLE START ED 5 / 9 / 90 

0.0 

5 

REMARKS 

CLASSIFICATION AND DESCRIPTION 

CLAYSTONE; dork gray, soft rock, thinly 
laminated, weakly cemented, jointed, sal ts, 
por ting at 4 .0 feet and 8 .0 feel, modera te 
waler inflow al 12.5 feel from joints 

Joint Or ientation 

I. N 1° E. 7 7 • NW 
2. N 74° W, 89° NE 
3. N 70° W, 88° NE 
4 . N 70° W, 88° NE 
5. N 72° W, 89° NE 
6 . N 16° E, 90° 

12 0 -=-==--i- GWL (5/9 / 90) 

12
·
5 

BOTTOM OF HOLE 

COMPLETED 5 / 9 / 90 

JR9Y 1189) CN1·1228 
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Appendix B 
LandGEM Results for 2007 NMOC Evaluation 
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-------------------
Landfill 

Name or 
INVENTORY Identifier: Billings Regional Landfill 

Enter year of emissions inventory: 2048 

I 
Gas I Pollutant 

fMa/vearJ fm3/vear) 
Total landfill aas 5.019E+04 4.019E+07 
Methane 1.341E+04 2.010E+07 
Carbon dioxide 3.679E+04 2.010E+07 
NMOC 8.946E+01 2.496E+04 
1,1,1-Trichloroethane (methyl chloroform) - HAP 1.070E-01 1.929E+01 
1, 1,2,2-Tetrachloroethane - HAPNOC 3.087E-01 4.421E+01 
1, 1-Dichloroethane ( ethvlidene dichloride) - HAP NOC 3.971E-01 9.646E+01 
1, 1-Dichloroethene (vinvlidene chloride) - HAPNOC 3.241E-02 8.038E+OO 
1,2-Dichloroethane (ethylene dichloride) - HAPNOC 6.783E-02 1.648E+01 
. - . . 

Emission Rate 
(short 

(av fi'l min} (ff/year) tons/year) 
2.700E+03 1.419E+09 5.521 E+04 
1.350E+03 7.097E+08 1.475E+04 
1.350E+03 7.097E+08 4.046E+04 
1.677E+OO 8.814E+05 9.841E+01 
1.296E-03 6.813E+02 1.178E-01 
2.971E-03 1.561E+03 3.395E-01 
6.481E-03 3.406E+03 4.368E-01 
5.401E-04 2.839E+02 3.565E-02 
1.107E-03 5.819E+07 7 .4R11=J)? 
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Appendix C 
POLLUTE Model Results 

P 1 ~ e IM 
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POLLUTEv7 

I 
Version 7 .11 

I Copyright (c) 2007. 
GAEA Technologies Ltd., R.K. Rowe and J.R. Booker 
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Prescribed Liner, Baseline 

THE DARCY VELOCITY (Flux) THROUGH THE LAYERS Va = 2.182E-6 ft/a 

Layer Properties 

Layer Thickness Number of Coefficient 
ISublayers pf 

Hydrodynamic 
Dispersion 

Geomembra 60mil 1 2E-8 cm2/s 
ne 

Clay Base 2 ft 10 6E-6 cm2/s 
Aquitard 185 ft 10 4E-6 cm2/s 

Boundary Conditions 

Anlte Mass Top Boundary 
Initial Concentration= 19 µg/L 
Volume of Leachate Collected = 0.0339999940219178 ft/day 
Thickness of Waste = 125 ft 
Waste Density = 1200 lb/ft3 
Proportion of Mass = 0.001 
Reference Height of Leachate = O m 

Fixed Outflow Bottom Boundary 
Landfill Length = 289.56 m 
Landfill Width = 1 m 
Base Thickness = 1 ft 
Base Porosity = 0.3 
Base Outflow Velocity = 0.002073 ft/a 

CITY OF BILLINGS I Phase 5 Altemabve Liner Demonstration 

Matrix 
Porosity 

1 

0 .3 
0.254 

Distributon Dry Density 
Coefficient 

O m3/kg 950 kg/m3 

Oml/g 102.9 lb/ft3 
0 ml/g 102.9 lb/ft3 

D c1 ~ 136 
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Laplace Transform Parameters 

TAU = 7 N = 20 SIG = O RNU = 2 

Calculated Concentrations at Selected Times and Depths 

Time Depth 
vr tft 

1 O.OOOE+OO 
S.OOOE-03 
2.0SOE-01 
4.0SOE-01 
6.0SOE-01 
8.0SOE-01 
1.00SE+OO 
1.205E+OO 
1.40SE+OO 
1.60SE+OO 
1.805E+OO 
2.00SE+OO 
6.630E+OO 
l .126E+Ol 
1.588E+Ol 
2.0SlE+Ol 
2.513E+Ol 
2.976E+01 
3.438E+Ol 
3.901E+Ol 
4.363E+Ol 
4.826E+Ol 
S.288E+Ol 
S.751E+Ol 
6.213E+Ol 
6.676E+Ol 
7.138E+01 
7.601E+Ol 
8.063E+Ol 
8.526E+Ol 
8.988E+Ol 
9.451E+Ol 
9.913E+Ol 
1.038E+02 
1.084E+02 
1.130E+02 
l.176E+02 

CITY OF BILLINGS I Phase 5 Alternative Liner Demonstration 

Concentration 
µg/L 

1.900E+Ol 
1.084E+Ol 
7.518E+OO 
4.871E+OO 
2.936E+OO 
l .640E+OO 
8.464E-01 
4.026E-01 
1.761E-01 
7.084E-02 
2.651E-02 
1.036E-02 
1.239E-17 
l .686E-32 
4.llSE-47 
O.OOOE+OO 
O.OOOE+OO 
O.OOOE+OO 
O.OOOE+OO 
O.OOOE+OO 
O.OOOE+OO 
O.OOOE+OO 
O.OOOE+OO 
O.OOOE+OO 
O.OOOE+OO 
O.OOOE+OO 
O.OOOE+OO 
O.OOOE+OO 
O.OOOE+OO 
O.OOOE+OO 
O.OOOE+OO 
O.OOOE+OO 
O.OOOE+OO 
O.OOOE+OO 
O.OOOE+OO 
O.OOOE+OO 
0.000E+OO 

137 



I 
I 1.223E+02 O.OOOE+OO 

1.269E+02 0.000E+OO 

I 1.31SE+02 O.OOOE+OO 
1.361E+02 0.000E+OO 
l .408E+02 0.000E+OO 

I 1.454E+02 0.000E+OO 
1.SOOE+02 O.OOOE+OO 
1.546E+02 O.OOOE+OO 

I 1.593E+02 0.000E+OO 
1.639E+02 O.OOOE+OO 
l.685E+02 O.OOOE+OO 

I l.731E+02 O.OOOE+OO 
1.778E+02 0.000E+OO 
1.824E+02 O.OOOE+OO 

I 1.870E+02 0.000E+OO 

10 O.OOOE+OO 1.900E+Ol 

I 5.000E-03 l .584E+01 
2.0SOE-01 l.446E+Ol 
4.0SOE-01 l.312E+Ol 

I 6.0SOE-01 l .184E+Ol 
8.0SOE-01 1.063E+Ol 
l.OOSE+OO 9.502E+OO 

I 1.20SE+OO 8.462E+OO 
1.40SE+OO 7.517E+OO 
l.60SE+OO 6.669E+OO 

I 1.80SE+OO 5.922E+OO 
2.00SE+OO 5.276E+OO 
6.630E+OO l.690E-03 

I 1.126E+Ol 3.SSlE-10 
1.588E+Ol 2.779E-14 
2.0SlE+Ol l.277E-17 

I 2.513E+Ol S.54SE-22 
2.976E+Ol 1.592E-27 
3.438E+Ol 6.862E·32 

I 3.901E+Ol 8.490E-36 
4.363E+Ol 2.313E-40 
4.826E+Ol 1.487E-45 

I S.288E+Ol 7.097E-SO 
S.751E+Ol O.OOOE+OO 
6.213E+Ol 0.000E+OO 

I 6.676E+Ol 0.000E+OO 
7.138E+Ol O.OOOE+OO 
7.601E+Ol O.OOOE+OO 

I 8.063E+Ol 0.000E+OO 
8.526E+Ol O.OOOE+OO 
8.988E+Ol 0.000E+OO 

I 9.451E+Ol O.OOOE+OO 

I CITY OF BILLINGS I Phase 5 Altemabve Llner DemonstratJOn r:age l38 



I 
I 9.913E+Ol O.OOOE+OO 

l.038E+02 O.OOOE+OO 

I l.084E+02 O.OOOE+OO 
l.130E+02 O.OOOE+OO 
1.176E+02 O.OOOE+OO 

I l.223E+02 O.OOOE+OO 
l.269E+02 O.OOOE+OO 
l.31SE+02 O.OOOE+OO 

I l.361E+02 O.OOOE+OO 
l .408E+02 O.OOOE+OO 
1.454E+02 O.OOOE+OO 

I 1.SOOE+02 O.OOOE+OO 
l.546E+02 O.OOOE+OO 
l .593E+02 O.OOOE+OO 

I 1.639E+02 O.OOOE+OO 
1.68SE+02 O.OOOE+OO 
l .731E+02 O.OOOE+OO 

I 1.778E+02 O.OOOE+OO 
1.824E+02 O.OOOE+OO 
l .870E+02 O.OOOE+OO 

I 20 O.OOOE+OO 1.900E+Ol 
5.000E-03 l .687E+Ol 

I 2.0SOE-01 l.593E+Ol 
4.0SOE-01 1.SOlE+Ol 
6.0SOE-01 1.412E+Ol 

I 8.0SOE-01 1.32SE+Ol 
l.OOSE+OO l.241E+Ol 
l.20SE+OO l.162E+Ol 

I l.40SE+OO 1.086E+Ol 
1.60SE+OO l.OlSE+Ol 
1.80SE+OO 9.481E+OO 

I 2.00SE+OO 8.862E+OO 
6.630E+OO l.092E-01 
1.126E+Ol 3.77SE-OS 

I 1.588E+Ol 3.106E-10 
2.0SlE+Ol 1.761E-13 
2.513E+Ol 1.474E-15 

I 2.976E+Ol 4.197E-18 
3.438E+Ol 3.581E-21 
3.901E+Ol 7.833E-25 

I 4.363E+Ol 6.090E-29 
4.826E+Ol l.018E-31 
S.288E+Ol 2.124E-34 

I S.751E+Ol 2.144E-37 
6.213E+Ol 9.806E-41 
6.676E+Ol 2.073E-44 

I 7.138E+Ol 7.757E-48 

I CITY OF BILLINGS I Phase 5 Alternative Liner Demonstration :: a~ 139 



I 
I 7.601E+Ol 1.171E-50 

8.063E+Ol O.OOOE+OO 

I 8.526E+Ol O.OOOE+OO 
8.988E+Ol O.OOOE+OO 
9.451E+Ol O.OOOE+OO 

I 9.913E+Ol O.OOOE+OO 
1.038E+02 O.OOOE+OO 
1.084E+02 O.OOOE+OO 

I 1.130E+02 O.OOOE+OO 
1.176E+02 O.OOOE+OO 
1.223E+02 O.OOOE+OO 

I 1.269E+02 0.000E+OO 
1.315E+02 O.OOOE+OO 
1.361E+02 O.OOOE+OO 

I 1.408E+02 O.OOOE+OO 
1.454E+02 0.000E+OO 
1.SOOE+02 O.OOOE+OO 

I 1.546E+02 0.000E+OO 
1.593E+02 O.OOOE+OO 
1.639E+02 O.OOOE+OO 

I l.685E+02 O.OOOE+OO 
1.731E+02 O.OOOE+OO 
1.778E+02 O.OOOE+OO 

I l .824E+02 O.OOOE+OO 
1.870E+02 O.OOOE+OO 

I 30 O.OOOE+OO l .899E+Ol 
5.000E-03 l .734E+Ol 
2.0SOE-01 l.661E+Ol 

I 4.0SOE-01 1.589E+Ol 
6.0SOE-01 1.518E+Ol 
8.0SOE-01 l.449E+Ol 

I l.OOSE+OO 1.382E+Ol 
l .20SE+OO l .316E+Ol 
l.40SE+OO l .253E+Ol 

I 1.60SE+OO l.192E+Ol 
1.80SE+OO l .134E+01 
2.00SE+OO l.079E+Ol 

I 6.630E+OO 4.742E-01 
l.126E+Ol 2.00BE-03 
1.588E+Ol 7.136E-07 

I 2.0SlE+Ol 2.414E-11 
2.513E+Ol l .708E-13 
2.976E+Ol 3.693E-15 

I 3.438E+Ol 3.938E-17 
3.901E+Ol 1.942E-19 
4.363E+Ol 4.094E-22 

I 4.826E+Ol 3.380E-25 

I CITY OF BILLINGS I Phase 5 Alternative Liner Demonstration Page 140 



I 
I S.288E+Ol 1.370E-28 

S.751E+Ol S.059E-31 

I 6.213E+Ol 3.970E-33 
6.676E+Ol 1.984E-35 
7.138E+Ol 6.0lOE-38 

I 7.601E+Ol 1.066E-40 
8.063E+Ol l .lllE-43 
8.526E+Ol 1.163E-46 

I 8.988E+Ol 4.435E-49 
9.451E+Ol O.OOOE+OO 
9.913E+Ol O.OOOE+OO 

I 1.038E+02 O.OOOE+OO 
1.084E+02 O.OOOE+OO 
1.130E+02 O.OOOE+OO 

I l .176E+02 O.OOOE+OO 
l .223E+02 O.OOOE+OO 
l.269E+02 O.OOOE+OO 

I 1.31SE+02 O.OOOE+OO 
1.361E+02 O.OOOE+OO 
l .408E+02 O.OOOE+OO 

I 1.454E+02 O.OOOE+OO 
1.SOOE+02 O.OOOE+OO 
1.546E+02 O.OOOE+OO 

I 1.593E+02 O.OOOE+OO 
1.639E+02 O.OOOE+OO 
l .685E+02 O.OOOE+OO 

I 1.731E+02 O.OOOE+OO 
l.778E+02 O.OOOE+OO 
l.824E+02 O.OOOE+OO 

I 1.870E+02 O.OOOE+OO 

40 O.OOOE+OO l.899E+Ol 

I 5.000E--03 l .761E+Ol 
2.0SOE--01 l .700E+Ol 
4.0SOE--01 l.640E+Ol 

I 6.0SOE-01 l.580E+Ol 
8.0SOE-01 l.522E+Ol 
l .OOSE+OO 1.464E+Ol 

I 1.205E+OO 1.408E+Ol 
l.405E+OO l.353E+Ol 
1.GOSE+OO l.300E+Ol 

I l.80SE+OO 1.249E+Ol 
2.00SE+OO 1.199E+Ol 
6.630E+OO l.018E+OO 

I 1.126E+Ol l.529E--02 
l .588E+Ol 3.649E-OS 
2.0SlE+Ol l.318E-08 

I 2.513E+Ol 2.SlSE-12 

I CITY OF BILLINGS I Phase 5 Alternative Liner Demonstration cl 3 • 141 



I 
I 2.976E+Ol 1.035E-13 

3.438E+Ol 3.583E-15 

I 3.901E+Ol 7.296E-17 
4.363E+01 8.385E-19 
4.826E+Ol S.178E-21 

I 5.288E+Ol 1.622E-23 
S.751E+Ol 2.470E-26 
6.213E+01 3.296E-29 

I 6.676E+Ol 3.6SOE-31 
7.138E+Ol S.498E-33 
7.601E+Ol S.904E-35 

I 8.063E+Ol 4.37SE-37 
8.S26E+01 2.188E-39 
8.988E+Ol 7.251E-42 

I 9.451E+Ol 1.688E-44 
9.913E+01 S.17SE-47 
l.038E+02 4.489E-49 

I l.084E+02 O.OOOE+OO 
l.130E+02 O.OOOE+OO 
l.176E+02 O.OOOE+OO 

I 
l.223E+02 O.OOOE+OO 
l.269E+02 O.OOOE+OO 
l.315E+02 O.OOOE+OO 

I 
l.361E+02 O.OOOE+OO 
l.408E+02 O.OOOE+OO 
l.454E+02 O.OOOE+OO 

I 
1.SOOE+02 O.OOOE+OO 
l.546E+02 O.OOOE+OO 
1.593E+02 O.OOOE+OO 

I 
l.639E+02 O.OOOE+OO 
l.685E+02 0.000E+OO 
l.731E+02 O.OOOE+OO 

I 
l.778E+02 O.OOOE+OO 
l .824E+02 O.OOOE+OO 
1.870E+02 O.OOOE+OO 

I so O.OOOE+OO l .899E+Ol 
S.OOOE-03 l.779E+Ol 

I 2.0SOE-01 1.726E+01 
4.0SOE-01 1.673E+Ol 
6.0SOE-01 1.621E+Ol 

I 8.0SOE-01 1.S70E+Ol 
l .OOSE+OO l.519E+Ol 
l .20SE+OO 1.469E+Ol 

I 1.405E+OO l.420E+Ol 
l .605E+OO l.373E+Ol 
l .SOSE+OO l.326E+Ol 

I 2.00SE+OO l.281E+Ol 

I 
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I 
I 6.630E+OO 1.633E+OO 

1.126E+Ol S.287E-02 

I l.588E+Ol 3.975E-04 
2.0SlE+Ol 6.654E-07 
2.513E+Ol 2.496E-10 

I 2.976E+Ol 7.758E-13 
3.438E+Ol S.191E-14 
3.901E+Ol 2.378E-15 

I 4.363E+Ol 7.099E-17 
4.826E+Ol 1.340E-18 
S.288E+Ol 1.546E-20 

I S.751E+Ol 1.046E-22 
6.213E+Ol 3.98SE-25 
6.676E+Ol 9.143E-28 

I 7.138E+Ol S.020E-30 
7.601E+Ol 1.221E-31 
8.063E+Ol 2.703E-33 

I 8.526E+Ol 4.522E-35 
8.988E+Ol S.618E-37 
9.451E+Ol S.098E-39 

I 9.913E+Ol 3.332E-41 
1.038E+02 l .589E-43 
l.084E+02 7 .003 E-46 

I 1.130E+02 6.381E-48 
l.176E+02 1.062E-49 
1.223E+02 0. OOOE +00 

I l .269E+02 O.OOOE+OO 
l.31SE+02 0. OOOE +00 
1.361E+02 O.OOOE+OO 

I 1.408E+02 O.OOOE+OO 
1.454E+02 0. OOOE +00 
1.SOOE+02 0. OOOE +00 

I 1.546E+02 O.OOOE +00 
1.593E+02 0. OOOE +00 
1.639E+02 0. OOOE +00 

I 1.68SE+02 O.OOOE+OO 
1.731E+02 O.OOOE+OO 
1.778E+02 O.OOOE+OO 

I 1.824E+02 O.OOOE+OO 
l.870E+02 0. OOOE +00 

I 60 O.OOOE+OO · l.899E+Ol 
5.000E-03 l.792E+Ol 
2.0SOE-01 1.744E+Ol 

I 4.0SOE-01 l.697E+Ol 
6.0SOE-01 1.6SOE+Ol 
8.0SOE-01 l.604E+Ol 

I l.OOSE+OO l.SSSE+Ol 
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I 
I l.205E+OO l.513E+01 

l.405E+OO l.468E+01 

I l.605E+OO l.425E+01 
1.805E+OO 1.382E+01 
2.005E+OO 1.341E+01 

I 6.630E+OO 2.256E+OO 
l.126E+01 1.224£-01 
l .588E+Ol l.986E-03 

I 2.051E+01 9.269E-06 
2.513E+01 1.222E-08 
2.976E+01 7.320E-12 

I 3.438E+01 3.062£-13 
3.901E+01 2.369E-14 
4.363E+01 1.30SE-15 

I 4.826E+01 5.006E-17 
5.288E+01 l.308E-18 
5.751E+01 2.26SE-20 

I 6.213E+01 2.522E-22 
6.676E+01 l.748E-24 
7.138E+Ol 7.549£-27 

I 7.601E+01 3.501£-29 
8.063E+01 8.063E-31 
8.526E+01 2.787E-32 

I 8.988E+01 7.882E-34 
9.451E+01 l.755E-35 
9.913E+01 3.040£-37 

I l.038E+02 4.046£-39 
l.084E+02 4.094£-41 
l.130E+02 3.173E-43 

I l.176E+02 2.171E-45 
1.223E+02 2.360£-47 
l.269E+02 5.140£-49 

I l .315E+02 1.227£-50 
1.361E+02 O.OOOE+OO 
1.408Et02 O.OOOE+OO 

I 1.454E+02 O.OOOE+OO 
l.500Et02 O.OOOE+OO 
1.546E+02 O.OOOE+OO 

I l.593E+02 O.OOOE+OO 
l .639E+02 O.OOOE+OO 
1.685E+02 O.OOOE+OO 

I l.731E+02 O.OOOE+OO 
l.778E+02 O.OOOE+OO 
l.824E+02 O.OOOE+OO 

I l.870E+02 O.OOOE+OO 

70 O.OOOE+OO 1.899E+Ol 

I 5.000E-03 l.801E+Ol 
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I 
I 2.0SOE-01 1.758E+Ol 

4.0SOE-01 l .715E+Ol 

I 6.0SOE-01 1.672E+Ol 
8.0SOE-01 1.629E+Ol 
1.00SE+OO l.587E+Ol 

I 1.20SE+OO 1.546E+Ol 
1.40SE+OO 1.SOSE+Ol 
1.GOSE+OO l.46SE+Ol 

I 1.80SE+OO l.42SE+Ol 
2.00SE+OO l .386E+Ol 
6.630E+OO 2.856E+OO 

I 1.126E+Ol 2.249E·Ol 
1.S88E+Ol 6.331E-03 
2.0SlE+Ol 6.160E-OS 

I 2.513E+Ol 2.033E-07 
2.976E+Ol 2.322E-10 
3.438E+Ol l.166E-12 

I 3.901E+Ol l.213E-13 
4.363E+Ol l.023E-14 
4.826E+Ol 6.409E·16 

I S.288E+Ol 2.933E·17 
S.751E+Ol 9.623E-19 
6.213E+Ol 2.21SE-20 

I 6.676E+Ol 3.490E-22 
7.138E+Ol 3.670E-24 
7.601E+Ol 2.548E-26 

I 8.063E+Ol l.486E-28 
8.526E+Ol 2.788E-30 
8.988E+Ol l.246E-31 

I 9.451E+Ol S.071E-33 
9.913E+Ol l.694E-34 
l.038E+02 4.593E-36 

I 1.084E+02 l.OOOE-37 
l.130E+02 l.733E-39 
l .176E+02 2.371E-41 

I l.223E+02 2.589E-43 
l.269E+02 2.SS4E-45 
l.31SE+02 3.677E-47 

I l.361E+02 l.OOSE-48 
l .408E+02 3.223E-50 
l.454E+02 O.OOOE+OO 

I l.SOOE+02 O.OOOE+OO 
l.546E+02 O.OOOE+OO 
l .593E+02 O.OOOE+OO 

I l.639E+02 O.OOOE+OO 
l.68SE+02 O.OOOE+OO 
l.731E+02 O.OOOE+OO 

I l.778E+02 O.OOOE+OO 
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I 
I 1.824E+02 O.OOOE+OO 

1.870E+02 O.OOOE+OO 

I 80 O.OOOE+OO 1.899E+01 
S.OOOE-03 1.808E+Ol 

I 2.0SOE-01 1.768E+01 
4.0SOE-01 1.728E+Ol 
6.0SOE-01 1.689E+01 

I 8.0SOE-01 1.649E+01 
1.00SE+OO 1.610E+01 
1.20SE+OO 1.572E+01 

I 1.40SE+OO 1.534E+01 
1.605E+OO 1.496E+Ol 
1.805E+OO 1.459E+Ol 

I 2.00SE+OO 1.423E+Ol 
6.630E+OO 3.420E+OO 
1.126E+01 3.568E-01 

I 1.588E+01 1.521E-02 
2.0SlE+Ol 2.571E-04 
2.513E+01 1.693E-06 

I 2.976E+Ol 4.308E-09 
3.438E+Ol 6.963E-12 
3.901E+Ol 4.130E-13 

I 4.363E+01 4.753E-14 
4.826E+01 4.264E-15 
5.288E+Ol 2.93SE-16 

I 5.751E+Ol 1.529E-17 
6 .213E+Ol 5.930E-19 
6.676E+Ol l.682E-20 

I 7.138E+Ol 3.419E-22 
7.601E+Ol 4.877E-24 
8.063E+Ol 4.828E-26 

I 8.526E+Ol 3.799E-28 
8.988E+Ol 6.537E-30 
9 .451E+Ol 3.332E-31 

I 9.913E+Ol 1.765E-32 
1.038E+02 7.948E-34 
l .084E+02 2.991E-35 

I 1.130E+02 9.336E-37 
1.176E+02 2.397E-38 
1.223E+02 S.023E-40 

I l.269E+02 8.557E-42 
l.315E+02 l.207E-43 
l.361E+02 1.621E-45 

I l .408E+02 3.200E-47 
l.454E+02 l.112E-48 
1.SOOE+02 4.45SE-50 

I 1.546E+02 O.OOOE+OO 
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l.593E+02 O.OOOE+OO 
l.639E+02 O.OOOE+OO 
l.68SE+02 O.OOOE+OO 
l.731E+02 O.OOOE+OO 
l.778E+02 O.OOOE+OO 
l.824E+02 O.OOOE+OO 
l.870E+02 O.OOOE+OO 

NOTICE 

Although this program has been tested and experience would indicate that it is accurate within the limits given by 
the assumptions of the theory used, we make no warranty as to workability of this software or any other licensed 
material. No warranties either expressed or implied (including warranties of fitness) shall apply. No responsibility is 
assumed for any errors, mistakes or misrepresentations that may occur from the use of this computer program. The 
user accepts full responsibility for assessing the validity and applicability of the results obtained with this program for 
any specific case. 
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Proposed liner, 98-year run 
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POLLUTEv7 

Version 7 .11 

Copyright (c) 2007. 
GAEA Technologies Ltd ., R.K. Rowe and J.R. Booker 

Proposed Liner, Baseline 

THE DARCY VELOCITY (Flux) THROUGH THE LAYERS Va = 1.092E·6 ft/a 

Layer Properties 

Layer Thickness Number of Coefficient 
Sublayers of 

Hydrodynamic 
Dispersion 

Geomembra GO mi l 1 2E-8 cm2/ s 
ne 

Clay Base 0.5 ft 10 6E-6 cm2/s 
Aquitard 185 ft 10 4E·6 cm2/s 

Boundary Conditions 

Finite Mass Top Boundary 
Initial Concentration = 19 µg/L 
Volume of Leachate Collected = 0.0339999970082192 ft/day 
Thickness of Waste = 125 ft 
Waste Density = 1200 lb/ft3 
Proportion of M ass = 0.001 
Reference Height of Leachate = 0 m 

Fixed Outflow Bottom Boundary 
Landfill Length = 289.56 m 
Landfill Width = 1 m 

Base Thickness = 1 ft 
Base Porosity = 0.3 
Base Outflow Velocity = 0.002073 ft/a 

CITY OF BILLINGS I Phase 5 Alternative Liner Demonstration 

Matrix 
Porosity 

1 

0.3 
0.254 

Distributon Dry Density 
Coefficient 

0 m3/kg 950 kg/m3 

0 ml)g 102.9 lb/ft3 
0 ml)g 102.9 lb/ft3 



I 
I 

Laplace Transform Parameters 

I TAU = 7 N = 20 SIG = 0 RNU = 2 

I Calculated Concentrations at Selected Times and Depths 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

vr 
n me Depth 

ft 
1 0 .OOOE +00 

S.OOOE-03 
5.SOOE-02 
1.0SOE-01 
1.SSOE-01 
2.0SOE-01 
2.SSOE-01 
3.0SOE-01 
3.SSOE-01 
4.0SOE-01 
4.SSOE-01 
S.OSOE-01 
5.130E+OO 
9.7SSE+OO 
l.438E+Ol 
1.901E+Ol 
2.363E+Ol 
2.826E+Ol 
3.288E+Ol 
3.751E+Ol 
4.213E+Ol 
4.676E+Ol 
5.138E+Ol 
5.601E+Ol 
6.063E+Ol 
6.526E+Ol 
6.988E+Ol 
7.451E+Ol 
7.913E+Ol 
8.376E+Ol 
8.838E+Ol 
9.301E+Ol 
9.763E+Ol 
1.023E+02 
1.069E+02 
l .llSE+-02 
1.161E+02 
1.208E+02 

CITY OF BILLINGS I Phase 5 Alternative Liner Demonstration 

.. 

Concentration 
µg/L 

1.900E+Ol 
l.103E+Ol 
l.017E+Ol 
9.348E+OO 
8.570E+OO 
7.839E+OO 
7 .157E+OO 
6.S2SE+OO 
S.946E+OO 
S.418E+OO 
4.944E+OO 
4.522E+OO 
8.444E-15 
2.709E-29 
8.482E-43 
O .OOOE+OO 
O.OOOE+OO 
0 .OOOE+OO 
O.OOOE+oo 
0.000E +00 
0 .OOOE +00 
O .OOOE +00 
O.OOOE +00 
0.000 E +00 
0. OOOE +00 
0 .OOOE+OO 
0. OOOE +00 
0. OOOE+OO 
O.OOOE+OO 

I 
O. OOOE +00 I 
0 .OOOE +00 
O .OOOE +00 
0 .OOOE +00 
O.OOOE+OO 
O.OOOE+OO 
O.OOOE+OO 
O.OOOE+OO 
O.OOOE+OO 





I 
I l.023E+02 l.OSSE-49 

l.069E+02 O.OOOE+OO 

I l.11SE+02 O.OOOE+OO 
l.161E+02 0.000E+OO 
l.208E+02 O.OOOE+OO 

I l.254E+02 0.000E+OO 
1.300E+02 O.OOOE+OO 
l.346E+02 0.000E+OO 

I l.393E+02 O.OOOE+OO 
l.439E+02 0.000E+OO 
1.485E+02 0.000E+OO 

I l.531E+02 O.OOOE+OO 
l.578E+02 O.OOOE+OO 
l.624E+02 O.OOOE+OO 

I l.670E+02 0.000E+OO 
1.716E+02 O.OOOE+OO 
l.763E+02 O.OOOE+OO 

I l.809E+02 O.OOOE+OO 
l.8SSE+02 O.OOOE+OO 

I 68 0. OOOE+OO l.899E+Ol 
5.000E-03 l .808E+Ol 
S.SOOE-02 l.798E+Ol 

I 1.0SOE-01 l .788E+Ol 
l.SSOE-01 1.778E+Ol 
2.0SOE-01 l.768E+Ol 

I 2.SSOE-01 l.758E+Ol 
3.0SOE-01 l.748E+Ol 
3.SSOE-01 l.738E+Ol 

I 4.0SOE-01 l.728E+Ol 
4.SSOE-01 l.718E+Ol 
S.OSOE-01 l.709E+Ol 

I 5.130E+OO 4.322E+OO 
9.755E+OO 4.223E-01 
l.438E+Ol l.453E-02 

I 1.901E+Ol l.683E-04 
2.363E+Ol 6.409E-07 
2.826E+Ol 8.012E-10 

I 3.288E+Ol l.729E-12 
3.751E+Ol l .604E-13 
4.213E+Ol l.362E-14 

I 4.676E+Ol 8.537E-16 
S.138E+Ol 3.884E-17 
S.601E+Ol l.258E-18 

I 6.063E+Ol 2.834E-20 
6.526E+Ol 4.333E-22 
6.988E+Ol 4.374E-24 

I 7.451E+01 2.877E-26 
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I 
I 7.913E+ol l .545E-28 

8.376E+ol 2.653E-30 

I 8.838E+ol l .132E-31 
9.301E+Ol 4.385E-33 
9.763E+Ol l .387E-34 

I 1.023E+02 3.535E-36 
1.069E+02 7.190E-38 
1.115E+02 1.155E-39 

I 1.161E+02 1.454E-41 
l.208E+o2 1.458E-43 
1.254E+02 1.360E-45 

I 1.300E+02 2.015E-47 
1.346E+02 5.533E-49 
1.393E+02 1.668E-50 

I 1.439E+02 O.OOOE+OO 
1.485E+02 O.OOOE+OO 
1.531E+o2 O.OOOE+OO 

I l.578E+02 O.OOOE+OO 
1.624E+o2 O.OOOE+OO 
1.670E+02 O.OOOE+OO 

I l .716E+02 O.OOOE+OO 
1.763E+02 O.OOOE+OO 
1.809E+02 O.OOOE+OO 

I 1.855E+02 O.OOOE+OO 

98 O.OOOE+OO 1.898E+Ol 

I 5.000E-03 1.823E+Ol 
5.SOOE-02 1.81SE+ol 
l.050E-01 1.807E+ol 

I 1.550E-01 l .798E+Ol 
2.050E-01 1.790E+ol 
2.550E-01 l.782E+Ol 

I 3.0SOE-01 1.773E+ol 
3.550E-01 1.765E+Ol 
4.0SOE-01 l.757E+ol 

I 4.SSOE-01 1.748E+Ol 
5.0SOE-01 l.740E+Ol 
5.130E+OO S.991E+OO 

I 9.7SSE+OO l.084E+OO 
1.438E+Ol 9.675E-02 
l.901E+ol 4.llOE-03 

I 2.363E+Ol 8.147E-05 
2.826E+ol 7.449E-07 
3.288E+Ol 3.130E-09 

I 3.751E+Ol 8.819E-12 
4.213E+Ol S.253E-13 
4.676E+ol 7.73SE-14 

I 5.138E+Ol 9.384E-15 

I 
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I 
I 5.601E+Ol 9.209E-16 

6.063E+01 7.237E-17 

I 6.526E+Ol 4.SOSE-18 
6.988E+Ol 2.194E-19 
7.451E+Ol 8.240£-21 

I 7.913E+Ol 2.351£-22 
8.376E+Ol 5.017£-24 
8.838E+Ol 7.936£-26 

I 9.301E+Ol 9.963E-28 
9.763E+Ol l.814E-29 
1.023E+02 l.OOlE-30 

I 1.069E+02 7.333E-32 
1.115E+02 4 .852E-33 
1.161E+02 2.788E-34 

I 1.208E+02 l.381E-35 
1.254E+02 5.865E-37 
1.300E+02 2.122E-38 

I l .346E+02 6.506E-40 
1.393E+02 1.684E-41 
1.439E+02 3.709E-43 

I 1.485E+02 7.425E-45 
l.531E+02 1.733E-46 
l.578E+02 6.596E-48 

I l.624E+02 3.488E-49 
1.670E+02 l .884E-SO 
1.716E+02 O.OOOE+OO 

I 1.763E+02 O.OOOE+OO 
1.809E+02 O.OOOE+OO 
1.855E+02 O.OOOE+OO 

I 
I 
I 
I 
I 
I 
I 
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Prescribed liner, maximum concentration, 10,000-year run. 
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POLLUTEv7 

Version 7.11 

Copyright (c) 2007. 
GAEA Technologies Ltd., R.K. Rowe and J.R. Booker 

Prescribed Liner, Maximum Concentration 

THE DARCY VELOCITY {Flux) THROUGH THE LAYERS Va = 2.182E-6 ft/a 

Layer Properties 

Layer Thickness Number of Coefficient 
Su bl ayers pf 

Hydrodynamic 
Dispersion 

Geomembra 60mil 1 2E-8 cm2/s 

ne 
Clay Base 2 ft 10 6E-6 cm2/s 
Aquitard 185 ft 10 4E-6 cm2/s 

Boundary Conditions 

Finite Mass Top Boundary 
Initial Concentration = 19 µg/L 
Volume of leachate Collected = 0.0339999940219178 ft/day 
Thickness of Waste = 125 ft 
Waste Density = 1200 lb/ft3 
Proportion of Mass = 0.001 
Reference Height of Leachate = 0 m 

Fixed Outflow Bottom Boundary 
landfill Length = 289.56 m 
Landfill Width = 1 m 
Base Thickness = 1 ft 
Base Porosity = 0.3 
Base Outflow Velocity = 0.002073 ft/a 

CITY OF BILLINGS I Phase 5 Alternative Liner Demonstrabon 

Matrix 
Porosity 

1 

0.3 
0.254 

Distributon Dry Density 
Coefficient 

O m3/kg 950 kg/m3 

Oml/g 102.9 lb/ft3 
Oml/g 102.9 lb/ft3 
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Laplace Transform Parameters 

TAU = 7 N = 20 SIG = 0 RNU = 2 

M aximum Base Concentration Parameters 

Depth to Search = 85 ft 
Lower Time Limit = 1 year 
Upper Time Limit= 10000 year 
Base Concentration Accuracy = 0.25 
Maximum Search Attempts = 25 

Maximum Base Concentration and Time of Occurrence 

Time Depth Concentrati Preceeding 
~r lft Ion rTime 

µg/L 
9.9239E+03 O.OOOOE+OO l.7237E+Ol 

5 .OOOOE--03 l.7177E+Ol 
2.0SOOE-01 l .7150E+Ol 
4.0SOOE-01 l.7123E+Ol 
6.0SOOE-01 l.7096E+Ol 
8.0SOOE-01 l.7069E+Ol 
l.0050E+OO l.7042E+Ol 
l.2050E+OO l.7015E+Ol 
l.4050E+OO l.6988E+Ol 
l.6050E+OO l.6961E+Ol 
l.8050E+OO l.6934E+Ol 
2.00SOE+OO l.6907E+Ol 
6.6300E+OO l.5788E+Ol 
l.1255E+01 l.4658E+Ol 
l.5880E+Ol l.3529E+Ol 
2.0505E+Ol l.2413E+01 
2.5130E+Ol l.1320E+Ol 
2.9755E+Ol l.0260E+Ol 
3.4380E+Ol 9.2417E+OO 
3.9005E+Ol 8.2720E+OO 
4.3630E+Ol 7.3570E+OO 
4.8255E+Ol 6.5011E+OO 
5.2880E+Ol 5.7075E+OO 
5.7505E+Ol 4.9778E+OO 
6.2130E+Ol 4.3127E+OO 
6.67SSE+Ol 3.7115E+OO 
7.1380E+Ol 3.1726E+OO 
7.6005E+Ol 2.693SE+OO 

CITY OF BILLINGS I Phase 5 Attema!Jve liner Demonstration 
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8.0630E+Ol 2.2711E+OO 
8.5255E+Ol 1.9018E+OO 
8.9880E+Ol 1.5814E+OO 
9 .4SOSE+Ol 1.3059E+OO 
9 .9130E+Ol l.0708E+OO 
l.0376E+02 8 .7186E-01 
1.0838E+02 7.0484E-01 
1.1301E+02 S.657SE-01 
1.1763E+02 4.5087E-01 
l.2226E+02 3.5673E-01 
1.2688E+02 2.8023E-01 
l.3151E+02 2.1854E-01 
l.3613E+02 l.6922E-01 
1.4076E+02 l.3010E-01 
1.4538E+02 9.9330E-02 
1.5001E+02 7.5347E-02 
1.5463E+02 5.6828E-02 
1.5926E+02 4.2686E-02 
1.6388E+02 3.2032E-02 
l.6851E+02 2.4159E-02 
l.7313E+02 l.8514E-02 
1.7776E+02 1.4685E-02 
l.8238E+02 l.2380E-02 
1.8701E+02 l.1420E-02 

Number of Search Attempts = 9 

CITY OF BIUINGS I Phase 5 Alternative Liner Demonstration 
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Proposed liner, maximum concentrations, 10,000-year run. 
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GAEA Technologies Ltd ., R.K. Rowe and J.R. Booker 

Proposed Liner, Maximum Concentration 

THE DARCY VELOCITY (Flux) THROUGH THE LAYERS Va = 1.092E-6 ft/a 

Layer Properties 

Layer Thickness Number of Coefficient 
Sublayers !Of 

[Hydrodynamic 
Dispersion 

Geomembra GO mil 1 2E-8 cm2/s 
ne 

Clay Base 0.5 ft 10 GE-6 cm2/s 
Aquitard 185 ft 10 4E-6 cm2/s 

Boundary Conditions 

Finite Mass Top Boundary 
Initial Concentration = 19 µg/L 
Volume of Leachate Collected = 0.0339999970082192 ft/day 
Thickness of Waste = 125 ft 
Waste Density = 1200 lb/ft3 
Proportion of Mass = 0.001 
Reference Height of Leachate = 0 m 

Fixed Outflow Bottom Boundary 
Landfill Length = 289.56 m 
Landfill Width = 1 m 
Base Thickness = 1 ft 
Base Porosity = 0.3 
Base Outflow Velocity= 0.002073 ft/a 

CITY OF BILLINGS I Phase 5 Altema\Jve Liner Demonstration 

Matrix 
Porosity 

1 

0.3 
0.254 

Distributon Dry Density 
Coefficient 

0 m3/kg 950 kg/m3 

Oml/g 102.9 lb/ft3 
0 ml/g 102.9 lb/ft3 
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Laplace Tra nsform Parameters 

TAU = 7 N = 20 SIG= 0 RNU = 2 

Maximum Base Concentration Parameters 

Depth to Search = 190 ft 
Lower Time limit = 1 year 

Upper Time lim it = 10000 year 

Base Concentration Accuracy = 0.25 

Maximum Search Attempts = 25 

Maximu m Base Co ncentration and Time of Occurrence 

Time Depth Concentrat i Preceeding 
tyr ft !On hi me 

µg/L 

9.9873E+03 O.OOOOE+OO l .7226E+Ol 
5.0000E-03 l .71GGE+Ol 
5.5000E-02 l.7159E+Ol 
l.OSOOE-01 l.7152E+Ol 
l.SSOOE-01 l.7146E+Ol 
2.0500E-01 l.7139E+Ol 
2.SSOOE-01 l.7132E+Ol 
3.0SOOE-01 l.7126E+Ol 
3.SSOOE-01 l.7119E+Ol 
4 .0SOOE-01 1.7112E+Ol 
4.SSOOE-01 l .7105E+Ol 
5 .0SOOE-01 l.7099E+Ol 
S.1300E+OO l.5987E+Ol 
9.7550E+OO l.4863E+Ol 
l.4380E+Ol l.3737E+Ol 
l.9005E+Ol l.2622E+Ol 
2.3630E+Ol l .1528E+Ol 

2.8255E+Ol l.0465E+Ol 
3.2880E+Ol 9.4410E+OO 
3.7505E+Ol 8.464SE+OO 
4 .2130E+Ol 7.5412E+OO 
4 .675SE+Ol 6.6758E+OO 
5.1380E+Ol 5.8716E+OO 
S.6005E+Ol 5.1307E+OO 
6.0630E+Ol 4.4539E+OO 
6.5255E+Ol 3.8407E+OO 

6.9880E+Ol 3.2898E+OO 

7.4SOSE+Ol 2.7990E+OO 

CITY OF BILLINGS I Phase 5 Allemallve Liner Demonstration 

Preceeding Exceeding Exceeding 

I Concentration tTime !Concentration 

I 

I 
I 
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7.9130E+Ol 2.3652E+OO 
8.3755E+Ol l .9851E+OO 
8.8380E+Ol 1.6545E+OO 
9.3005E+Ol l.3695E+OO 
9.7630E+Ol l .1257E+OO 
1.0226E+02 9.1881E-01 
l.0688E+02 7.4468E-01 
1.1151E+02 5.9929E-01 
1.1613E+02 4.7887E-01 
1.2076E+02 3.7992E-Ol 
l .2538E+02 2.9927E-01 
1.3001E+02 2.3406E-01 
1.3463E+02 l.8175E-01 
1.3926E+02 l .4015E-01 
1.4388E+02 l .0733E~Ol 

l .4851E+02 8.1675E-02 
l .5313E+02 6.1802E-02 
1.5776E+02 4.6581E-02 
l .6238E+02 3.5082E-02 
1.6701E+02 2.6561E-02 
l .7163E+02 2.0437E-02 
1.7626E+02 1.6275E-02 
1.8088E+02 1.3765E-02 
1.8551E+02 1.2717E-02 

Number of Sea rch Attempts = 12 

CITY OF BILLINGS I Phase 5 Altemabve Uner Demonstration 

9.9861E+03 1.2706E-02 9 .9886E+03 1.2728E-02 
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Proposed liner, diffusion coefficient increased by an order of magnitude, 100-year run. 
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GAEA Technologies Ltd., R.K. Rowe and J.R. Booker 

Proposed Liner, diffusion coefficient = 6x10"-5 

THE DARCY VELOCITY (Flux) THROUGH THE LAYERS Va= 1.092E-6 ft/a 

Layer Properties 

Layer Thickness Number of Coefficient 
Sublayers of 

Hydrodynamic 
Dispersion 

Geomembra 60mil 1 2E-8 cm2/s 
ne 

Clay Base 0.5 ft 10 6E-6 cm2/s 
Aquitard 185 ft 10 6E-9 m2/s 

Boundary Conditions 

Finite Mass Top Boundary 
Initial Concentration = 19 µg/L 
Volume of Leachate Collected= 0.0339999970082192 ft/day 
Thickness of Waste = 125 ft 
Waste Density = 1200 lb/ft3 
Proportion of Mass = 0.001 
Reference Height of Leachate = 0 m 

Fixed Outflow Bottom Boundary 
Landfill Length = 289.56 m 
Landfill Width = 1 m 
Base Thickness = 1 ft 
Base Porosity = 0.3 
Base Outflow Velocity = 0.002073 ft/a 

CITY OF BILLINGS I Phase 5 Altemabve Lmef Demonstration 

Matrix 
Porosity 

1 

0.3 
0.4 

Distributon Dry Density ' 
Coefficient 

0 m3/kg 950 kg/m3 

Oml/g 102.9 lb/ft3 
Oml/g 102.9 lb/ft3 I 
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Laplace Transform Parameters 

TAU :: 7 N :: 20 SIG:: 0 RNU = 2 

Calculated Concentrations at Selected Times and Depths 

Time Depth 
yr ft 

1 O.OOOE+OO 
5.000E-03 
5.500E-02 
l.050E-01 
l.550E-01 
2.050£-01 
2.550E-01 
3.050£-01 
3.550E-01 
4.0SOE-01 
4.550E-01 
S.OSOE-01 
5.130E+OO 
9.75SE+OO 
l.438E+Ol 
l.901E+01 
2.363E+01 
2.826E+01 
3.288E+01 
3.751E+01 
4.213E+01 
4.676E+01 
S.138E+01 
5.601£+01 
6.063£+01 
6.526E+01 
6.988E+01 
7.451E+01 
7.913E+01 
8.376E+01 
8.838E+01 
9.301E+Ol 
9.763E+01 
l.023E+02 
l.069E+02 
l.11SE+02 
1.161E+02 
1.208E+02 

CITY OF BILLINGS I Phase 5 Allemahve Liner Demons1tat1on 

Concentration 
µg/L 

1.900E+Ol 
l.019E+Ol 
9.219E+OO 
8.270E+OO 
7.343E+OO 
6.437E+OO 
5.554E+OO 
4.693£+00 
3.853E+OO 
3.035E+OO 
2.235E+OO 
1.454E+OO 
4.145E-03 
1.024E-07 
2.417E-13 
1.319£-15 
1.933£-18 
5.886E-22 
2.945E-26 I 

l.046E-30 
1.097£-33 
S.476£-37 
9.840E--41 
6.213£-45 
7.640£-49 
O.OOOE+OO 
0.000E+OO 
O.OOOE+OO 
O.OOOE+OO 
O.OOOE+OO 
O.OOOE+OO 
O.OOOE+OO I 

I 

O.OOOE+OO 
O.OOOE+OO 
O.OOOE+OO 
O.OOOE+OO 
O.OOOE+OO 
O.OOOE+OO 
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I 
I 1.254E+-02 O.OOOE+OO 

l.300E+02 O.OOOE+OO 

I l .346E+02 O.OOOE+OO 
l.393E+-02 O.OOOE+OO 
1.439E+-02 O.OOOE+OO 

I 1.48SE+02 O.OOOE+OO 
l.S31E+02 O.OOOE+OO 
1.578E+-02 O.OOOE+OO 

I 1.624E+02 O.OOOE+OO 
l .670E+-02 O.OOOE+OO 
1.716E+02 0 .OOOE +-00 

I l .763E+-02 O.OOOE+OO 
l .809E+-02 0 .OOOE +-00 
l .85SE+02 0 .000 E +-00 

I 20 0 .OOOE+-00 l .900E+-Ol 
5.000E-03 1.337E+Ol 

I 5.SOOE-02 1.275E+-Ol 
1.050E-Ol l.212E+-01 
1.550E-01 l .150E+-Ol 

I 2.050E-01 l.088E+-01 
2.SSOE-01 l.026E+Ol 
3.050E-01 9.637E+OO 

I 3.550E-01 9.019E+OO 
4.0SOE-01 8.402E+OO 
4.550E-01 7.786E+OO 

I S.050E-Ol 7.172E+-OO 
S.130E+OO 3.633E+OO 
9.755E+OO l.526E+OO 

I l.438E+-01 S.232E-Ol 
1.901E+-01 l.44SE-Ol 
2.363E+-01 3.lBOE-02 

I 2.826E+-01 S.542E-03 
3.288E+-01 7.GOlE-04 
3.751E+-01 8.170E-OS 

I 4.213E+Ol 6.BSSE-06 
4.676E+-Ol 4.484E-07 
S.138E+Ol 2.280E-08 

I S.GOlE+-01 9.046E-10 
6.063E+Ol 2.979E-ll 
6.526E+Ol l .55SE-12 

I 6.988E+-Ol 3.469E-13 
7.451E+-Ol l .169E-13 
7.913E+-Ol 3.BlSE-14 

I 8.376E+Ol l .169E-14 
8.838E+-01 3.350E-15 
9.301E+-01 8.969E-16 

I 9.763E+01 2.238E-16 

I CITY OF BIUINGS I Phase 5 Alternative Liner Demonstrabon ?~.~ 1 66 



I 
I l.023E+02 S.197E-17 

l.069E+02 l.120E-17 

I l.11SE+02 2.238E-18 
l.161E+02 4.130E-19 
l. 208E+02 7.027E-20 

I l.254E+02 1.099E-20 
l.300E+02 l.576E-21 
l.346E+02 2.066E-22 

I l.393E+02 2.469E-23 
l.439E+02 2.680E-24 
l.48SE+02 2.640E-25 

I l. 531E+02 2.36SE-26 
l.578E+02 l.960E-27 
l.624E+02 l.613E-28 

I l.670E+02 l.607E-29 
l.716E+02 2.41SE-30 
1.763E+02 4.964E-31 

I l.809E+02 l.143E-31 
l.8SSE+02 3.952E-32 

I so O.OOOE+OO l.899E+Ol 
S.OOOE-03 l.453E+Ol 
S.SOOE-02 l.403E+Ol 

I l.OSOE-01 1.354E+Ol 
l.SSOE-01 l.304E+01 
2.0SOE-01 l.255E+Ol 

I 2.SSOE-01 l.20SE+Ol 
3.0SOE-01 l.156E+Ol 
3.SSOE-01 l.107E+Ol 

I 4.0SOE-01 l.057E+Ol 
4.SSOE-01 1.008E+Ol 
5.0SOE-01 9.591E+OO 

I S.130E+OO 6.496E+OO 
9.7SSE+OO 4.092E+OO 
l .438E+Ol 2.386E+OO 

I l.901E+Ol l. 283E+OO 
2.363E+Ol 6.337E-01 
2.826E+Ol 2.869E-01 

I 3.288E+Ol l. 187E-01 
3.751E+Ol 4.483E-02 
4.213E+Ol l.541E-02 

I 4.676E+Ol 4.820E-03 
S.138E+Ol 1.369E-03 
S.601E+Ol 3.529E-04 

I 6.063E+Ol 8.248E-OS 
6 .526E+Ol 1.746E-OS 
6.988E+01 3.347E-06 

I 7.451E+01 S.804E-07 

I CITY OF BILLINGS I Phase 5 Altemaltve Liner Demonstration I 67 



I 
I 7.913E+Ol 9.104E-08 

8.376E+Ol l .292E-08 

I 8.838E+Ol l.661E-09 
9.301E+Ol l.957E-10 
9.763E+Ol 2.249E-11 

I l.023E+02 3.27SE-12 
1.069E+02 9 .138E-13 
1.115E+02 4 .lllE-13 

I l.161E+02 2.068E-13 
1.208E+02 l.037E-13 
1.254E+02 S.089E-14 

I 1.300E+02 2.433E-14 
l.346E+02 l.133E-14 
l.393E+02 S.138E-15 

I l.439E+02 2.266E-15 
l.485E+02 9.72SE-16 
1.531E+02 4.057E-16 

I 1.578E+02 1.645E-16 
1.624E+02 6.474E-17 
l .670E+02 2.474E-17 

I 1.716E+02 9.182E-18 
1.763E+02 3.325E-18 
1.809E+02 1.236E-18 

I 1.8SSE+02 6.571E-19 

100 O.OOOE+OO l.898E+Ol 

.1 S.OOOE-03 l.540E+Ol 
S.SOOE-02 l.SOOE+Ol 
l.OSOE-01 l.460E+Ol 

I l.SSOE-01 1.421E+Ol 
2.0SOE-01 l.381E+Ol 
2.SSOE-01 1.341E+Ol 

I 3.0SOE-01 l.301E+Ol 
3.SSOE-01 1.262E+Ol 
4.0SOE-01 l.222E+Ol 

I 4.SSOE-01 l .182E+Ol 
5.0SOE-01 l.143E+Ol 
5.130E+OO 8.834E+OO 

I 9 .755E+OO 6.587E+OO 
1.438E+Ol 4.730E+OO 
l.901E+Ol 3.266E+OO 

I 2.363E+Ol 2.16SE+OO 
2.826E+Ol l.377E+OO 
3.288E+Ol 8.384E-01 

I 3.751E+Ol 4.887E-Ol 
4.213E+Ol 2.724E-01 
4.676E+01 l.451E-01 

I 5.138E+Ol 7.379E-02 
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Proposed liner, diffusion coefficient increased by two orders of magnitude, 100-year run. 
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Proposed Liner, diffusion coefficient = 6x10"-4 

THE DARCY VELOCITY (Flux) THROUGH THE LAYERS Va= 1.092E-6 ft/a 

Layer Properties 

Layer Thickness Number of Coefficient 
Sublayers of 

Hydrodynamic 
Dispersion 

Geomembra 60mil 1 2E-8 cm2/s 
ne 

Clay Base 0.5 ft 10 6E-6 cm2/s 
Aquitard 185 ft 10 0.0006 

'f:,m2/s 

Boundary Condit ions 

Finite Mass Top Boundary 
Initial Concentration = 19 µg/L 
Volume of Leachate Collected = 0.0339999970082192 ft/day 
Thickness of Waste = 125 ft 
Waste Density = 1200 lb/ ft3 
Proportion of Mass= 0.001 
Reference Height of Leachate = 0 m 

Fixed Outflow Bottom Boundary 
Landfill Length = 289.56 m 
Landfill Width = 1 m 
Base Thickness = 1 ft 
Base Porosity = 0.3 
Base Outflow Velocity = 0.002073 ft/a 

CITY OF BILLINGS I Phase 5 Alternative Liner Demonstrahon 

Matrix 
Porosity 

1 

0.3 
0.4 

Distributon Dry Density 
~oefficient 

0 m3/kg 950 kg/m3 

O ml/g 102.9 lb/ft3 
0 ml/g 102.9 lb/ft3 
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Laplace Transform Parameters 

TAU= 7 N = 20 SIG= 0 RNU = 2 

Calculated Concentrations at Selected nmes and Depths 

nme Depth 
vr ~ 

1 0 .OOOE +00 
5.000E-03 
S.SOOE-02 
1.0SOE-01 
1.SSOE-01 
2.0SOE-01 
2.SSOE-01 
3 .0SOE-01 
3.SSOE-01 
4.0SOE-01 
4.SSOE-01 
S.OSOE-01 
S.130E+OO 
9. 7SSE+OO 
1.438E+Ol 
1.901E+Ol 
2.363E+Ol 
2.826E+Ol 
3.288E+Ol 
3.751E+Ol 
4.213E+Ol 
4.676E+Ol 
S.138E+Ol 
S.601E+Ol 
6.063E+Ol 
6.526E+Ol 
6.988E+Ol 
7.451E+Ol 
7.913E+Ol 
8.376E+Ol 
8.838E+Ol 
9.301E+Ol 
9.763E+Ol 
l .023E+02 
l.069E+02 
l.11SE+02 
l .161E+02 
l.208E+02 

CITY OF BILLINGS I Phase 5 Altemabve Liner Oemonstrabon 

Concentration 
wUL 

1.900E+Ol 
9.930E+oo 
8.930E+OO 
7.943E+oo 
6.971E+OO 
6.012E+oo 
S.068E+oo 
4.138E+OO 
3.220E+OO 
2.314E+oo 
1.417E+oo 
S.278E-01 
l.340E-01 
2.199E-02 
2.278E-03 
1.466E-04 
S.788E-06 
l.391E-07 
2.026E-09 
l .832E-11 
2.543E-13 
3.907E-14 
8 .231E-15 
1.534E-15 
2.496E-16 
3.532E-17 
4.322E-18 
4.544E-19 
4.0SOE-20 
3.lOSE-21 
l .988E-22 
1.061E-23 
4.690E-25 
l.706E-26 
S.204E-28 
l.SS4E-29 
7.873E-31 
8.07SE-32 
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I 
I l.254E+02 9 .756E-33 

1.300E+02 l.116E-33 

I l .346E+02 l .168E-34 
1.393E+02 l.113E-35 
l.439E+02 9 .623E-37 

I l.48SE+02 7.528E-38 
l .531E+02 S.311E-39 
l.578E+02 3.368E-40 

I 1.624E+02 l.91SE-41 
1.670E+02 9.758E-43 
l.716E+02 4.482E-44 

I l .763E+02 l.913E-45 
l .809E+02 8.422E-47 
l.855E+02 6.500E-48 

I 20 0.()()()E+OO l.900E+Ol 
5.()()()E-03 l .138E+Ol 

I 5.500E-02 l.053E+Ol 
l.OSOE-01 9.683E+OO 
l .550E-01 8.838E+OO 

I 2.0SOE-01 7.993E+OO 
2.550E-01 7.148E+OO 
3.050E-01 6.305E+OO 

I 3.5SOE-Ol S.461E+OO 
4.0SOE-01 4.619E+OO 
4.550E-01 3.777E+OO 

I 5.050E-01 2.936E+OO 
5.130E+OO 2.388E+OO 
9.7SSE+OO 1.910E+OO 

I l.438E+Ol l .502E+OO 
l.901E+Ol l.160E+OO 
2.363E+Ol 8 .793E-01 

I 2.826E+Ol 6.540E-01 
3.288E+Ol 4 .770E-01 
3.751E+Ol 3.409E-Ol 

I 4.213E+Ol 2.387E-01 
4.676E+Ol l.637E-01 
5.138E+Ol l.099E-01 

I S.601E+Ol 7 .214E-02 
6.063E+Ol 4.634E-02 
6.526E+Ol 2.910E-02 

I 6.988E+Ol l.787E-02 
7.451E+Ol l .072E-02 
7.913E+Ol 6.288E-03 

I 8.376E+Ol 3.601E-03 
8.838E+Ol 2.0lSE-03 
9.301E+Ol l.lOlE-03 

I 9.763E+Ol S.871E-04 

I CITY OF BILLINGS I Phase 5 Alternative Liner Demonstration ~ c 1 173 



I 
I 1.023E+02 3.057E-04 

1.069E+02 1.SS4E-04 

I 1.11SE+02 7 .706£-05 
1.161E+02 3.730E-05 
1.208E+02 1.761E-OS 

I l .254E+02 8 .116E-06 
1.300E+02 3.648£-06 
1.346E+02 1.599£-06 

I 1.393E+02 6.839E-07 
1.439E+02 2.852E-07 
1.48SE+02 1.160E-07 

I l.531E+02 4.602E-08 
1.578E+02 l .780E-08 
1.624E+02 6.716E-09 

I 1.670£+02 2.472£-09 
1.716E+02 8.885E-10 
1.763£+02 3.143£-10 

I 1.809E+02 l.156E-10 
l.85SE+02 6.160E-ll 

I so O.OOOE+OO l.899E+Ol 
S.OOOE-03 l.205E+Ol 
S.SOOE-02 l .128E+Ol 

I 1.0SOE-01 l.OSlE+Ol 
l.550E-01 9.740E+OO 
2.050E-01 8.970E+OO 

I 2.550E-01 8.200E+OO 
3.050E-01 7.430E+OO 
3.550E-01 6.661E+OO 

I 4 .050E-01 5.892E+OO 
4 .550E-01 5.124E+OO 
S.050E-01 4.356E+OO 

I 5.130E+OO 3.842E+OO 
9.755E+OO 3.367E+OO 
1.438E+Ol 2.931E+OO 

I l.901E+Ol 2.534E+OO 
2.363E+Ol 2.175E+OO 
2.826E+Ol l.854E+OO 

I 3.288E+Ol l.569E+OO 
3.751E+Ol l.317E+OO 
4 .213E+Ol l.098E+OO 

I 4 .676E+Ol 9 .079£-01 
5.138E+Ol 7.449E-Ol 
S.601E+Ol 6.063£-01 

I 6.063E+Ol 4.895£-01 
6.526E+Ol 3.919E-01 
6.988E+Ol 3.112£-01 

I 7.451E+Ol 2.450£-01 
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I 
I 7.913E+Ol l.913E-01 

8.376E+Ol l .481E-01 

I 8.838E+Ol l.136E-Ol 
9.301E+Ol 8.641E-02 
9.763E+Ol 6.SlSE-02 

I 1.023E+02 4.868E-02 
1.069E+02 3.604E-02 
1.11SE+02 2.64SE-02 

I 1.161E+02 l.923E-02 
1.208E+02 l.386E-02 
l .254E+02 9.892E-03 

I 1.300E+02 6.996E-03 
l.346E+02 4.902E-03 
l .393E+02 3.403E-03 

I l.439E+02 2.340E-03 
1.48SE+02 l.595E-03 
l .531E+02 l.077E-03 

I l .578E+02 7.208E-04 
1.624E+02 4.794E-04 
1.670E+02 3.181E-04 

I l.716E+02 2.129E-04 
l.763E+02 l.474E-04 
l.809E+02 l .lOSE-04 

I l.8SSE+02 9.716E-OS 

100 O.OOOE+OO l.898E+Ol 

I S.OOOE-03 l.270E+Ol 
S.SOOE-02 l.200E+Ol 
1.0SOE-01 l.130E+Ol 

I 1.SSOE-01 l.OGOE+Ol 
2.0SOE-01 9.903E+OO 
2.SSOE-01 9.205E+OO 

I 3.0SOE-01 8.507E+OO 
3.SSOE-01 7.810E+OO 
4.0SOE-01 7.113E+OO 

I 4.SSOE-01 6.416E+OO 
S.OSOE-01 S.719E+OO 
5.130E+OO S.248E+OO 

I 9.7SSE+OO 4.799E+OO 
l .438E+Ol 4.374E+OO 
l.901E+Ol 3.974E+OO 

I 2.363E+Ol 3.597E+OO 
2.826E+Ol 3.24SE+OO 
3.288E+Ol 2.917E+OO 

I 3.751E+Ol, 2.612E+OO 
4.213E+Ol 2.331E+OO 
4.676E+Ol 2.073E+OO 

I S.138E+Ol l.836E+OO 

I 
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I 
I 5.601E+Ol l.620E+OO 

6.063E+Ol l.424E+OO 

I 6.526E+Ol l.246E+OO 
6.988E+Ol l.087E+OO 
7.451E+Ol 9.440E-01 

I 7.913E+Ol 8.166E-Ol 
8.376E+Ol 7.03SE-Ol 
8 .838E+Ol 6.037E-01 

I 9.301E+Ol 5.158E-01 
9.763E+Ol 4 .389E-01 
l.023E+02 3.719E-Ol 

I l .069E+02 3.138E-01 
l.115E+02 2.636E-01 
l.161E+02 2.206E-01 

I l.208E+02 l.838E-01 
l.254E+02 l.525E-01 
l.300E+02 l.260E-01 

I l.346E+02 l.037E-01 
l.393E+02 8.SOBE-02 
l.439E+02 6.959E-02 

I 1.485E+02 5.681E-02 
l.531E+02 4.636E-02 
l.578E+02 3.792E·02 

I l.624E+02 3.120E-02 
1.670E+02 2.598E-02 
l.716E+02 2.208E-02 

I 1.763E+02 l .935E-02 
l .809E+02 l .769E-02 

I 
l.855E+02 l.704E-02 

I 
I 
I 
I 
I 
I 
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Wetland and Stream Delineation Report 

Introduction 
This report describes the methods and findings of wetlands and streams for the proposed City of Bill ings 
Landfill Expansion Project. The report was prepared by HOR Engineering, Inc. (HOR) biologists, and is 
intended to provide documentation of existing stream and wetland conditions in the project area to 
support applicable state and local agency permitting for the project. 

1.1 Project Background and Setting 
The team of Great West Engineering and HOR Engineering has been hired by the City of Billings to 
prepare a Solid Waste Management Plan. The scope of the project includes an evaluation of the existing 
facilities and master planning activities, which also includes examining the feasibility of expanding the 
landfill to City property adjacent the existing landfill. As part of the Solid Waste Management Plan, and 
to support future licensing requirements for landfill expansion, environmental documentation has been 
prepared that is anticipated to be used by the Montana Department of Environmental Quality (DEQ) for 
preparation of formal environmental assessment to comply with requirements per the Administrative 
ru les of Montana (ARM) 17.4.601 and the agency's Procedural Rules for implementing Montana 
Environmental Policy Act (MEPA). This Wetland and Stream Delineation Report is one of several 
technical reports being prepared for this project. 

The project is located in Yellowstone County, Montana, just south of the City of Billings (Figure 1). In 
particular, the project area is located in Section 29, Township 1 South, Range 26 East, Montana Principal 
Meridian, and is centered at latitude 45• 43' 08" North and longitude 108° 32' 06" West. The proposed 
landfill expansion site is located on approximate ly 370 acres of Ci ty-owned land immediately southeast 
of the existing Billings Landfill. The project si te extends from just south of the intersection of Hillcrest 
Road and Montana State Highway 416 (Blue Creek Road) south approximately 1 mile to the Section 29 
boundary line. 
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Methods 

2.1 Study Area 
The study area encompasses the project limits discussed in Section 1.1 and depicted on Figure 1. 
Wetlands and streams outside the study area were not formally delineated; these areas were assessed 
based on characteristics visible from public rights-of-way and on information obtained from existing 
documents and studies, maps, and aerial photographs. 

Streams and potential wetlands in the study area were ident if ied through a two-step process. HOR 
biologists first reviewed existing documents, including soil surveys, wetland and stream inventories, 
aerial photographs, and other reports that concern wetlands and streams in the project vicinity. After 
this review, HOR biologists completed a thorough field investigation of the study area that included 
wetland and stream identification, delineation, and classificat ion. 

2.2 Review of Existing Information 
Existing documents reviewed for this wetland and stream study included the following: 

• Soil Survey of Yellowstone County Area, Montana (USDA NRCS 2012) 

• U.S. Fish and Wildlife Service (USFWS 2012) National Wetland Inventory Web site 

• Federal Emergency Management Agency (FEMA 1981) Flood Insurance Rate Map for 
Unincorporated Yellowstone County 

• Montana Fish Wildlife and Parks (2012) Montana Fisheries Information System (MFISH) 

• Montana Natural Heritage Program Database (2012) 

These documents provide background information on the soils, hydrology, land use, streams, and 
potential wetlands in the study area. 

2.3 Field Investigation 
Field investigation consisted of an initial field reconnaissance on October 7, 2012. The reconnaissance 
was followed by a more detailed investigation of streams and potential wetlands in the study area, 
which was conducted on October 8 and 9, 2012. In the week prior to the field investigation, Billings had 
received approximately 1.5 inches of rainfall (National Oceanic and Atmospheric Administration [NOAA) 
National Weather Service [NWS) 2012) . Temperatures were generally within normal ranges for early 
October. Preci pitation over the preceding two months was below the normal range for Bill ings, with 
on ly a trace of precipitation in the month of September (NOAA NWS 2012, USDA NRCS 2002). 

Wetlands 
HOR staff investigated the project site for wetlands using the three parameter methods described in the 
Corps of Engineers Wetland Delineation Manual (Environmental Laboratory 1987), as updated by the 
Regional Supplement to the Corps of Engineers Wetland Delineation Manual: Great Plains Region (U .S. 
Army Corps of Engineers (USACE) 2010). A detailed description of the field methods used in this study is 
provided in Appendix A. Due to field t ime constraints, paired sample plots were not gathered at some of 
the minor wetlands along Stream 1 and at Wetland 5. Mapping of these wetlands was based on the 
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presence of hydrophytic vegetation communities comparable to those observed in other delineated 
wetlands. 

Wetland boundary and data plot locat ions in the study area were marked in the field using a Trimble 
GeoXT 2005 GPS device, which is capable of sub meter accuracy. The resulting data were incorporated 
into project base maps as well as the previous survey data. 

Streams 
In order to determine the ordinary high water mark (OHWM) of streams in the study area, HOR util ized 
USACE (2005) guidance for OHWM identification. USACE (2005) defines "ordinary high water mark" as: 
" that line on the shore established by the fluctuations of water and indicated by physical characterist ics 
such as a clear, natural line impressed on the bank, shelving, changes in the character of soil, destru ct ion 
of terrestria l vegetation, the presence of litter and debri s, or other appropriate means that consider the 
characteristics of the surrounding areas." HOR sta ff looked for physical indicators including, but not 
limited to, a natural line impressed on the bank, destruct ion of terrestrial vegetation, presence of litter 
and debris, vegetation matted down, bent or absent, scour, and bed and banks. Due to field time 
constraints, the OHWM of portions of Stream 1 and the first-order drainages to Stream 1 (1 East th rough 
15 East and 1 West through 7 West) w ere not fully delineated. Rather, the centerl ine of Stream 1 wa s 
mapped through most of the project area, and the upstream limits of observable bed and bank were 
mapped for the first-order drainages. 
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Results 

3.1 General Site Conditions 
The project site is located just south of the city of Billings in unincorporated Yellowstone County (Figure 
1). The project site is located in the Missouri Plateau, Unglaciated Section of the Great Plains Province 
of the Interior Plains (USDA NRCS 2013). It is an area of old plateaus and terraces that have been 
eroded. Slopes generally are gently rolling to steep and wide belts of steeply sloping badlands border a 
few of the larger river va lleys. Nearly the entire project site is mapped as Lismas Clay, 15 to 35 percent 
slopes (USDA NRCS 2012). These soils are characterized as shallow, well-drained, moderately steep 
calcerous clay soils on upland (Meshnick 1972). Topographically, the project area consists of an upland 
plain, dissected by a large second-order drainage (Stream 1) that discharges to Blue Creek, a tributary of 
the Yellowstone River. Numerous first-order drainages are located throughout the project area and all 
drain to Stream 1. Surface elevation in the study area ranges from 3200 feet to 3500 feet above mean 
sea level. 

Montana Natural Heritage Program (2013) land cover atlas maps the upland plains in the study area as 
Big Sagebrush Steppe and Great Plains Mixed Grass Prairie. Predominant species in these areas include 
Wyoming and basin big sagebrush (Artemisia tridentata ssp. wyamingensis, Artemisia tridentata ssp. 
tridentata); grazed areas are dominated by exotics such as Kentucky bluegrass (Paa pratensis), smooth 
brome (Bromus inermis), and Japanese brome (Bromus joponicus), as well as western wheatgrass 
(Pascopyrum smithii) and crested wheatgrass (Agropyron cristotum) (MNHP 2013) . Portions of Stream 1 
and the tertiary drainages are mapped as Great Plains Ponderosa Pine Woodland and Savanna, and 
Great Plains Wooded Draw and Ravine, and Great Plains Riparian. Predominant species in these land 
cover types include narrowleaf cottonwood (Populus angustifolia) and Plains cottonwood (Populus 
deltoides) in floodplains, Rocky Mountain juniper (Juniperus scopulorum) in the draws and ravines, and 
ponderosa pine (Pinus ponderoso) near the upward extent of the drainages. Uplands outside of the 
secondary and tertiary drainages are currently used as horse pastures. Current uses of the property 
include a corral and a watering tank for horses, a watering tank and several pipes, and a power station in 
the northwest corner of the project area. Linear man-made features include a power 
transmission/distribution line and several undeveloped roads and two-tracks. 

3.2 Wetlands 
HDR staff identified 14 wetlands in the study area that collectively cover an area of 2.41 ac . With the 
exception of Wetlands 5 and 6, all other wetlands identified in the study area adjoin Stream 1 landward 
of its top of bank. Wetlands were distinguished from adjoining uplands by the presence of indicators for 
wetland hydrology, hydric soils, and hydrophytic vegetation. Table 1 summarizes the size, 
hydrogeomorphic (HGM) and Cowardin classification of these wetlands found within the project area. 
Figure 2 shows an overview of the wetlands and waterbodies in the study area, and detailed maps of 
wetlands and streams delineated on the project site are shown In Appendix C. Wetland delineation data 
sheets for wetlands within the study area are provided in Appendix B, detailed wetland delineation 
maps are in Append ix C, and site photos are provided in Appendix D. 
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Table 1 . Summary of Wetlands in the Study Area 

Wetland Hydrogeomorphic 
Wetland area on (HGM) 
Name Project Site Classif ication • 

1 1.32 ac River ine 

la 0.02 ac Riverine 

2 0.40 ac Riverine 

2a 0.03 ac Riverin e 

2b 0.02 ac Rive rine 

2c 0.02 ac Rive rine 

3 0.10 ac Rive rine 

4 0.05 ac Rive rine 

4a 0.03 ac Rive rin e 

5 0.01 ac Depressional 

6 0.30 ac Slope 

7 0.09 ac Rive rine 

7a 0.01 ac Rive rine 

7b 0.0 1 ac Riverine 

' M ontana Department of Transporta t ion (2008) 
• Coward1n et al. (1979). 

Coward in 
Classification b 

PEM l / PABl 

PE M l 

PEM l / PABl 

PE Ml 

PE M l 

PE Ml 

PE Ml 

-
PE Ml 

PE Ml 

PE M l 

PE M l 

PE Ml 

PE Ml 

PEM l 

PEM 1 = palustnne emergent, persistent; PABl = pa lustrine aquatic bed. algal 

Wet/arid 1 
Palustrine emergent persistent 

1.32 acre to tal 

Wetland Del ineat ion 
Paired Sample Plots 

Completed in October 
2012? 

Yes 

No 

Yes 

No 

No 

No 

Yes 

No 

No 

No 

Yes 

No 

No 

No 

W etland 1 is an impounded riverine wet land located along Stream 1, located in the south portion of the 

si te (Appendix C, M aps 9 and 11). Wetland 1 receives seasona l overbank flow from Stream 1 and 

surface flows from other seasonal drainages tha t discharge into the floodpla in of Stream 1. Water in 
Wetland 1 is impounded by a roa d berm along the north w etland boundary of the wet land ; one culvert 

1s loca ted in the road berm at an elevation at least 6 feet higher than the high wa ter line observed 1n the 

wetland. The north portion o r Wet land 1 corresponds to a PABF h wet land mapped in the NWI (USFWS 
2012 ). 
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Wetland 1 is a palustrine, emergent wetlan d. In the north port ion of the wetland, a narrow band of 
emergent vegetation dominated by twoscale sa ltbush (A tr iplex micron tho) and rough cocklebur 
(Xonthium strumorium) su rrounds an inundated and unvegetated depression where water ponds behind 
the road berm. Common spikerush (Eleochoris polustris) is predominant in the south-central portion of 
the wetland, and inland bluegrass (Poo interior) was predominant in the southwest arm of the wetland. 
Twoscale sal tbush and rough cocklebur are introduced annuals that are not listed on the National 
Wetland Plant List (USACE 2013); however, hydrophytic vegetation is presumed to be present due to 
hydric soil and wetland hydrology indicators. Predominance of common spikerush and inland bluegrass 
in the south portion of the wet land meets the hydrophytic vegetation criteria . At the tim e of the 
wetland delineation, the depression in the north portion of the wetland was inundated to a depth of 10 
inches. In the south portion of the wetland, saturation was present within 12 inches of the su rface . 
Both of these observations are primary indicators for wetland hydrology. The typical soil profiles 
observed in the wetland met the hydric soil criteria for Depleted Matrix. 

Wetland 2 
Pa lustrine emergent persistent 

0.40 acre total 

Wetland 2 is another impounded riverine w etland loca ted along Stream 1, located in the south portion 
of the site (Append ix C, Maps 6 and 9). Wetland 2 receives seasonal overbank flow from Stream 1 and 
su rface flows from other seasonal drainages that discharge into the wetland. Water in Wetl and 2 is 
impounded by a road berm along the north wetland boundary of the wetland; one culvert 1s located in 
the road berm at an elevation at least 6 feet higher than the high water line observed in the wet land; 
this culvert likely acts as a high-flow outlet during extreme precipitation events. The north portion of 
Wetland 2 co rresponds to a PABFh wetland mapped in the NWI (USFWS 2012). 

Wetland 2 is a palustrine, emergent wetland that also has a narrow band of twoscale saltbrush 
surrounding an unvegetated depression. At the time of the wetland de lineation, no inundation, high 
water table or saturation was observed. However, aeria l photos of Wetland 2 indica te that Wetland 2 is 
inundated through early summer, and aquatic invertebrates were observed in the unvegetated 
depression. Both of these are primary indicators of wetland hydrology, therefore wetland hydrology is 
assumed to be present during the early part of the growing season. The typical soi l profile observed in 
the wetland met the hydric soil criteria for Depleted Matrix. 

Wetland 3 
Palustrine emergent persistent 

0.10 acre total 

Wetland 3 is a partially impounded riverine wet land located along Stream 1, located in the north portion 
of the si te (Appendix C, Map 3). Wetland 3 receives seasonal overbank flow from Stream 1 and surface 
flows from other seasonal drainages that discharge into the wetland. Surface water in Wetland 3 is 
partially impounded by a shallow two-track berm located along the north wetland boundary; however, 
one culvert located under the two-track occurs at a low enough elevation in relation to Wetland 3 that it 
likely allows flow-through of surface water from Wetland 3. 
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Wetland 3 is a palustrine, emergent wetland dominated by fox-tail barley (Hordeum jubatum) and 
common spike rush, with other grass and emergent species. At the time of the wetland delineation, no 
inundation, high water table or saturation was observed. However, oxidized rhizospheres on living roots, 
a primary indicator of wetland hydrology, were observed. The typical soil profile observed in the 
wetland met the hydric soil criteria for Depleted Matrix. 

Minor Wetlands Associated with Stream 1(Wetlands 2a, 2b, 2c, 4, 7, 7a and 7b) 
Several other small wetlands adjoin ing Stream 1 were identified; the approximate boundaries of these 
wetlands were mapped (Appendix C, Maps 3, 5, 6, 9, 12 and 16); however, formal sample plots were not 
established due to field t ime constraints. These wetlands were dominated by hydrophytic vegetation 
such as common spikerush, fox-ta il barley, and narrowleaf cattail (Typho ongustifolio). Primary 
indicators of wetland hydrology included water-stained leaves; secondary indicators of wetland 
hydrology included drainage patterns and geomorphic position . 

Wetland 5 
Palustrine emergent persistent 

0.10 acre total 

Wetland 5 is a depressional wetland located upslope of Drainage 4 West on the west-central portion of 
the project site (Appendix C, Map 6) . Wetland 5 likely receives hydrology from surface and subsurface 
flows from surrounding uplands. There was no distinct outlet observed in Wetland 5; however, some 
sheetflow likely di scharges to Drainage 4 West during large precipitation events. Due to field time 
constraints, formal wetland delineation plots were not established at this wetland. Wetland 5 is a 
palustrine, emergent wetland dominated by narrowleaf cattail. At the t ime of the wetland delineation, 
no inundation, high water table or saturation was observed. However, water-stained leaves, which is a 
primary indicator of wetland hydrology, were observed in the wetland . 

Wetland 6 
Palustrine emergent persistent 

0.30 acre total 

Wetland 6 is a slope wetland, located upslope from the southwest corner of Wetland 1 (Appendix C, 
Maps 8 and 9). Wetland 6 receives subsurface groundwater discharge from seeps, and surface water 
discharges through a defined channel downslope and east of Wetland 6, ultimately draining to Wetland 
1. Surface flow was visible in the channel during the October 2012 wetland delineation. 

Wetland 6 is a palustrine, emergent wetland dominated by saltmarsh club-rush (Schoenoplectus 
moritimus), and twoscale saltbush, with scattered toad rush (Juncus bufonius) and fox-tail barley, most 
of which appeared grazed. At the time of the wetland delineation, inundation to a depth of 1 inch was 
observed in pockets throughout Wetland 6, and free water was present within 10 inches of the surface. 
Salt crust was also observed on some of the emergent and grass stems. All of these observations are 
primary indicators of wetland hydrology. The typical soil profile observed in the wetland met the hydnc 
soil criteria for Depleted Matnx. 
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3.3 Streams 
The study area is located in the Blue Creek Watershed, located in the Upper Yel lowstone-Lake Basin 

Watershed (USGS HUC 17010204) (USEPA 2012). Table 2 summarizes the size and primary 

characteristics of strea m s and drainages identified in th e study area (Figure 2) . 

Tabl e 2. Summary of Streams in the Study Area 

Stream/ 
Average Approximate 

Tributary USACE Stream Characteristics In W idth in length in 
Tributary 

to Jurisdictlon .. b Project Reach Study Area Study Area 
Name (ft)' (tt)• 

• Seasonal. second-order 
st ream 

Stream 1 Blue Creek RPW • No fish presence 5-10 8,770 
documented in project 

reach of stream c 

• Seasonal, first -order 

Drainage l Tributary to 
drainage 

Stream 1 RPWd • No fish presence 2-3 139 
East 

documented in proi ect 
reach of stream 

• Seasonal, first-order 

Drainage 2 Tribu tary to 
drainage 

Stream 1 • No fish presence 1 210 
East RPW 

documented in project 
reach of stream 

• Seasonal. first -order 

Drainage 3 Tributary to 
drainage 

Stream 1 • No fish presence <1 38 
East RPW 

documented in project 
reach of stream 

• Seasonal, fi rst-order 

Drainage 4 Tr ibu tary to 
drainage 

East 
Stream 1 • No fish presence 2 525 

RPW 
documented in project 
reach of stream 

• Seasonal, first -order 

Drainage 5 Tributary to 
drainage 

Stream 1 • No fish presence <1 150 East RPW 
documented in project 
reach of stream 

• Seasonal, first -order 

Drainage 6 Tribu tary to 
drainage 

East 
Stream 1 • No fish presence 3 272 RPW 

documented in project 
reach of strea m 
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Table 2. Continued 

Stream/ Average Approximate 
Tributary USACE Stream Characteristics in Width in Length In Tributary 

to Jurisdiction•·b Project Reach Study Area Study Area Name 
(tt)• (ft,. 

• Seasonal, first-order 

Drainage 7 Tributary to 
drainage 

Stream 1 • No fish presence 2 111 East RPW 
documented in project 
reach of stream 

• Seasonal, fi rst -order 

Drainage 8 Tributary to 
drainage 

Stream 1 • No fish presence 2 328 East RPW 
documented in project 
reach of stream 

• Seasonal, first-order 

Drainage 9 Tributary to 
drainage 

Stream 1 • No fish presence 4 198 East RPW 
documented in project 
reach of stream 

• Seasonal, f irst -order 

Drainage Tributary to 
drainage 

Stream 1 
RPW • No fish presence 2 445 10 East 

documented in project 
reach of stream 

• Seasonal, first-order 

Drainage Tributary to 
drainage 

Stream 1 • No fish presence 2 198 11 East RPW 
documented in project 
reach of stream 

• Seasonal, fi rst -order 

Drainage Tributary to 
drainage 

Stream 1 • No fish presence 7 318 12 East RPW 
documented in project 
reach of stream 

• Seasonal, first-order 

Drainage Tributary to 
drainage 

13 East 
Stream 1 • No fish presence 2 581 RPW 

documented in project 
reach of stream 

• Seasonal, first-o rder 

Drainage Tributary to 
drainage 

Stream 1 • No fish presence <1 114 14 East RPW 
documented in project 
reach of stream 

• Seasonal, first-order 

Drainage Tributary to 
drainage 

Stream 1 • No fish presence 1 104 15 East RPW 
documented in project 
reach of stream 
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Wetland and Stream Delineat ion Report 

Table 2. Continued 

Stream/ 
Average Approximate 

Tributary USA CE Stream Characteristics in Width In Length in 
Tributary 

to Jurisdictlon•.b Project Reach Study Area Study Area 
Name (ft)' (ft)' 

• Seasonal, first -order 

Drainage 1 Tributary to 
drainage 

Stream 1 • No fish presence 1 107 
West RPW 

documented in project 

reach o f stream 

• Seasonal, first-order 

Drainage 2 Tributary to 
drainage 

Stream 1 • No fish presence 1-3 490 
West RPW 

documented in project 
reach o f stream 

• Seasonal, first-order 

Drainage 3 Tribu tary to 
drainage 

Stream l • No fish presence 1-3 362 
West RPW 

documented in project 
reach of stream 

• Seasonal, fi rst-order 

Dra inage 4 Tributary to 
drainage 

Stream 1 • No fish presence 2 168 
West RPW 

documented in project 
reach of stream 

• Seasonal, firs t-order 

Drainage 5 Tribu tary to 
drai nage 

Stream 1 • No fish presence 1 207 
West RPW 

documented in project 
reach of stream 

• Seasonal, first -order 

Drainage 6 Tributary to 
drainage 

Stream 1 • No fish presence 2-3 339 West RPW 
documented in proiect 
reach o f stream 

• Seasonal, first-order 

Drainage 7 Tri butary to 
drainage 

Stream J • No fish presence 1-2 178 West RPW 
documented in proi ect 
reach of strea m 

• RPW = Relatively Permanent Water: non naviga ble tributary with relatively permanent flow year-round o r continuous 
flow seasonally (cg, typica lly ~3 months) (USEPA 20071 
b Non-RPW = non-navigable tributary that is not relat ively permanen t 

' All drainages were dry at the t ime of the October site v1s1 t ; however, a determinat ion on whether the drainages were 
RPW or non-RPW could not be made 

0 
M ontana Fish Wildlife and Parks 2013 

• Average widths and approximate lengths were determined based on ex1st1ng survey data and field observations 
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Stream 1 
Stream 1 is a second-order stream that originates south of the project boundary and flows 1.5 miles 
north/northeast through the project si te, discharging to Blue Creek through culverts under Blue Creek 
Road (Figure 2). Stream 1 is not documented to support fish species (MFWP 2013). 

Stream 1 has on average a bankfull width of 5-10 feet and has an overall gradient of approximately 2%. 
The confinement of the stream varies throughout the project reach, ranging from relatively confined to 
relatively open. The streambanks are relatively shallow and gently-sloped; overbank flow appears to 
mainly occur concurrent with wetlands found along the drainage. Stream substrate mainly consists of 
silts, as well as pebbles and small cobbles. There was no surface water flow in any part of the channel 
during the October 2012 field investigation. It is likely that during springtime flows, aquatic habitat 
consists of low-gradient riffles, with large, deep pools at the two impoundments associated with 
Wetlands 1 and 2. 

Riparian vegetation communities associated with Stream 1 within the study area consists mainly of two 
habitat types as defined in the Classification and Management of Montana's Riparian and Wetland Sites 
(Hansen et al. 1995): (1) Green ash/common chokecherry and habitat type and (2) Rocky Mountain 
Juniper/Red-Osier Dogwood habitat type. The Green Ash/Common Chokecherry type is a major 
deciduous riparian habitat type in the Great Plains region of central and eastern Montana, and attracts 
wildlife for thermal cover, nest ing habitat, water source, late summer and winter forage, travel 
corridors, and hiding cover. The Rocky Mountain Juniper/Red-Osier Dogwood habitat type is less 
widespread, it does however provide good to excellent structural diversity for both thermal and hiding 
cover. 

Seasonal First-Order Drainages (1 East through 15 East and 1 West through 7 West) 
The project site contains 22 first-order seasonal drainages that discharge to Stream 1 (Appendix C, Maps 
1 through 18). None of these streams are documented to support fish species (MFWP 2013). Due to 
field time constraints the ordinary high water mark was not delineated on each drainage; however, the 
upstream limit of discernible bed and bank was inventoried for each drainage. The average bankfull 
width of the drainages was between 1 to 3 feet, and average gradient was at least 5%. Drainage 
substrate mainly consisted of sediment and pebbles. There was no surface water flow in any of the 
drainages during the October 2012 field visit. Overhanging vegetation along each drainage mainly 
consisted of Rocky Mountain juniper and Ponderosa pine; little to no margin vegetation was observed. 
These drainages likely provide both thermal and hiding cover comparable to the Rocky Mountain 
Juniper riparian habitat in Stream 1. 

3.4 Jurisdictional Status/Conclusions 
The wetlands and streams documented within the study area and described in this report are all located 
upst ream and have a direct connection to Blue Creek. Blue Creek is a Relatively Permanent Water, or 
RPW, that directly flows into the Yellowstone River. The US Army Corps of Engineers (USACE) has 
designated the Yellowstone River as a Traditional Navigable Water, or TNW. Both RPWs and TNWs are 
jurisdictional under the Clean Water Act. Stream 1, and all adjacent wetlands, including Wetlands 5 and 
6, have adjacency to RPWs, and therefore are likely subject to jurisdiction under Section 404 of the 
Clean Water Act. The USACE is ultimately responsible for all jurisd1ct1onal determinations. 
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Th is report describes the wetland delineation process as well as the extent and types of wetlands found 
in the study area that are preliminari ly determined to be subject to the jurisdiction of t he USACE under 
author ity of Section 404 of the Clean Water Act or under authority of Section 10 of th e Rivers and 
Harbors Act o f 1899. By federal law (Clean Water Act) and associated policy, it is necessary to avoid 
project impacts to wetlands wherever practicable, minimize impact where impact is not avoidable, and 
in some cases mitigate for the impact. 

Permitting activities are not anticipated at th is point in project development. The current conceptual 
design indicates that all wetlands (2.41 acres) would likely be impacted by construction of t he expanded 
landfill facilities. Because the proposed project would affect both wetl ands and streams, both wetland 
and stream mitigat ion wi ll likely be required to offset adverse impacts. As the project develops, it is 
likely that a Section 404 Individual Permit will be required for unavoidable impacts to wetlands and 
streams located within the study area. The permitting process, and required mitigation, if appl icable, 
will be determined at a later date through coordination with the USACE. 
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Wetlands are defined as areas saturated or inundated by surface or groundwater at a frequency and 
duration sufficient to support, and which under normal circumstances do support, a prevalence of 
vegetation adapted for life in saturated soil condi t ions. The methods used to delineate the on-site 
wetlands conform to methods described in the Washington State Wetland Identification and Delineation 
Manual (Ecology 1997), the Corps of Engineers Wetland Delineation Manual (Environmental Laboratory 
1987), and the Regional Supplement to the Corps of Engineers Wetland Delineation Manual: Great Plains 
Region (USACE 2010). All delineated wetlands were instrument-surveyed and mapped on project base 
maps. 

To be considered a wetland, an area must have hydrophytic vegetation, hydric soils, and wetland 
hydrology. HOR staff collected data on these parameters in areas representative of typical site 
condit ions. Staff collected additional data in associated uplands, as needed, to confirm wetland and 
stream boundaries. Wetland boundaries and wetland data plot locations in the study area were marked 
with sequentially-numbered flagging. 

Vegetat ion 

The dominant plants and their wetland indicator status were evaluated to determine if the vegetation 
was hydrophyt1c. To determine which plants were dominate at a sample plot biologists applied the 
50/20 rule per USACE recommendations. Under this guidance absolute cover estimates were made for 
each species found rooted within the sample plot, for each vegetative strata found in the habitat (tree, 
sapling/shrub, herb, and woody vine). The species that had the most cover was included along with the 
next species until the absolute cover of these totaled more than 50% of the total absolute cover. Any 
other species that represented at least 20% of the total absolute cover was also included as a dominant 
species for that vegetative strata. 

Sample plots varied in size depending on site topography and habitat complexity. The objective of 
establishing a plot was to depict particular plant associations that reflect spec1f1c water regimes or other 
ecological factors. So, on steep-sided riparian areas. a plot may consist of a narrow strip along the 
waters edge or within a floodplain a plot may be a standard 30-foot circle. 

Hydrophytic vegetation is defined as vegetation adapted to wetland conditions. To meet the 
hydrophytic vegetation criterion, more than 50 percent of the dominant plants in each stratum must be 
Facultative. Facultat1ve Wetland, or Obligate, based on the wetland indicator category assigned to each 
plant species by USACE (2013) . Table A-1 lists the definitions of the indicator categories. 



Table A-1. Definitions of Wetland Plant Indicator Categories 
used to Determine the Presence of Hydrophytic Vegetation 

Wetland Indicator Category Symbol 

Obligate Wetland Plants OBL 

Facultative Wetland Plants FACW 

Faculta t1ve Plants FAC 

Facultat1ve Upland Plants FACU 

Upland Plants UPL 

Source· L1chvar et al. (2012) 

Definition 

Plants that almost always(> 99% of the t ime) occur 1n wet lands. 
but which may rarely (< 1% of the t ime) occur 1n non-wetlands 

Plants that o ften (67 to 99% of the t im e) occur 1n wetlands. but 
sometimes ( 1 to 33% o f the t ime) occur in non-wetlands 

Pla nts with~ s1m 1lar likelihood (34 to 66% of the ume) of occurring 
in both wet lands and non-wet lands. 

Plants that sometimes ( l to 33% of the t ime) occur in wetlands, 
but occur more often (67 to 99% of the time) in non-wetlands 

Plants that ra rely(< 1% of the t ime) occur in w etlands, and almost 
always (> 99% of the time) occur in non-wetlands. 

HOR biologists identif ied plants to species 1n the field and est imated percent cover of dominant plants. 
Scientific and common plant names fol low currently accepted nomenclature. Names are consistent with 
PLANTS Database (USDA NRCS 2013b). During the field investigation, staff observed and recorded the 
dominant plant species on data sheets for each data plot. 

Soils 

Generally, an area must contain hydric soi ls to be a wetland. Hydric so il forms when soils are saturated, 
flooded, or ponded long enough during the growing season to develop anaerobic condit ions in the 
upper part (12 inches) . Biological activities in saturated soil result in reduced oxygen concentrat ions and 
organisms turn to anaerobic processes for metabol ism. Over t ime, anaerobic biologica l processes result 
in certain soi l color patterns, which are used as indicators of hydric soil. Typically, low-chroma colors are 
formed in the soil matrix, and bright -colored redoximorph ic features form within the matrix. Other 
important hydric soil indicators include organic matter accumu lat ions in the surface horizon, reduced 
sulfur odors, and organic matter staining in the subsurface (USDA NRCS 2010) . 

HOR staff examined soils by excavating sample pits to a depth of 20 inches to observe soil profiles, 
colors, and textures. In some case , a shallower soi l pit was adequate to document hydric soi l indicators. 
Munsell color charts (Munsell Color 2009) were used to describe soi l colors . 

Hydrology 

HOR Engineering, Inc. sta ff examined the area for evidence of hydrology. Wetland hydrology criter ia 

were considered to be satis fied if 1t appeared that the soi l was seasonally inundated or saturated to the 
surface for a consecutive number of days greater than or equa l to 12.5 percent of the growing season 
(Environmental Laboratory 1987). Th e growing season generally begins when the soi l reaches a 
temperature of 41 degrees Fahrenhe it in the zone of root penetration or when certain indicators of 
plant biological activity are evident (USACE 2010) . The growing season in the proiect area can be 



approximated using the long-term climatological data reported in WETS tables available from the USDA 
NRCS National Water and Climate Center (2002). At Billings WSO, the growing season is estimated to 
occur between April 18 and October 7 (172 days). 

Wetland hydrology indicators are divided into two categories - primary and secondary indicators 
(USACE 2010). Primary indicators of hydrology include surface inundation, high water table, saturated 
soils, algal mat or crusts, and inundation visible on aerial imagery. The presence of one primary 
indicator is sufficient to conclude that wetland hydrology is present . If the absence of a primary 
indicator, observation of two or more secondary indicators is required to conclude that wetland 
hydrology is present. Secondary indicators of hydrology include surface soils cracks, sparsely vegetated 
concave surface, and geomorphic position (USACE 2010) . 
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WETLAND DETERMINATION DATA FORM -Great Plains Reg ion 

ProjecVSlte: i(, I IA(\ 1 { t ,, l1 Y\J f IJ '-

/ ' ~ I 
ApplicanVOv.fler- \, \ \~ c I • '/\4 ' 
lnvestlgator(s) L l ~" ( \,~ 1 / • , \ ( l ' \ ( l 

\I \ I ( I 1 /'r.t \A C1ry1Countyfl \O~··~I' 1 ( f) · Sampling Dale - ----,,--

State J \ ( Sampling Poin1 ......, I ' \ · \ ( LlL ) 

Section. Township. Range· 
1~ J ' I I 1j ' I , ' ( 

Lantllorm (h1llslope. terrace. etc.) , \ ( I . ' \ t c 

Subteglon (LRR){ I '&!'Si (yyJ CJ\ rfl 111\CllI IS Lat 

Local relief (concave convex. none) (,Dt\ cfo- ve Slope(%) ---

fd 5, r 15 Z Long: - 1oi.s3co11 oa1unr t "§S\-)5'~ 
Soil Map Unit Name 1.-Y \ lt1S'fl'l€\ S ( I frL1 

/ 
Are cl1matlc I hydrologic cond1uons on the sne typical for this ume of year? Yes __ No _ _ (II no. explain in Remarks ) 

Are Vegetation--· Soil __ . or Hydrology~ slgnlllcanlty disturbed? Are "Normal Circumstances· present? Yes )l_ No 

NWI dass1flcatlon - -Jfb.>....<:...:W;...=:; ___ _ 

/Ve Vegetation_. Soll __ • or Hydrology __ naturally problematic? (If needed. explain any answers in Remarks .) 

SUMMARY OF FINDINGS - Attach site map showing sampling point locations, transects, important features, etc. 

Hydrophytlc Vegetation Present? Yes --- No _L 
Is the Sampled Area 

Hydnc Soll Present? Yes '~ No K. --/ - --- within a Wetland? Yes No 
VVet1and Hydrology Present? Yes No --- ------ ---
Remacks I 

\ ,\ l 
I 

I - I . . · ' 1 e ~r· I ( I t • • ' . f . 
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VEGETATION - Use scientific names of plants. 
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2 ---
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4 Species ACIOSS All Strata. (B) --- ---
N//t --- •Total Cover Percent of Dominant Spocles 

Sapllngt:;ihrub S!ratum (Plot sile· ) That Are OBL. FACW, or FAC: (AIB) 
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2 
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l2 r ---tl!:!l! s1r1111.1m (Plot size. ) FACU species x4 • 

1 UPL species x5• --- ---
2 --- --- Column Totals: (A) (8) 

3 --- --- Prevalence Index • BIA• 
4 , - -- --- Hydrophytic Vegotatlon Indicators: 
5. --- --- _ 1 • Rapid Test tor Hydrophytic Vegetation 
6 --- - -- 2 - Dominance Test Is >50% 
7. ---- --- 3 - Prevalence Index I$ s3.0 ' 
6. ---- --- _ 4 . Morphological Adaptations' (Provide supponing 
9 --- --- data In Remarlls or on a separate sheet) 
10 _ Problematic Hydrophyt1c VegetaUon' (Explaln) --- ---
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Wooav Vi~ ~~!11m (Plot size: I 'Indicators of hydrlc soll and wetland hydrology must 

1 be present. unless disturbed or problematic 
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' SOIL Sampl1n9 Po1n1 \ I ( l t ) 

- -Prolilo Description. (Doscribo to the dopth neodod to document the indicator or confirm tho absence of incllcators .) 

Color {111orsl) -~-·-~ Loe· Tex11rre 
Matrix 

_ %_ 
Redo~ Fe111urC§ 

/r • / i /1 1 .A. C ,v\ 
_L_:ft' ·1h· _Jo_ - C_ ff\ 

' Tvoe C2 Concen11a11on D=Deptetron. RM=Reduced Matr" . CS=Covereo or Coated Sand Grains ~Locahon· PL -Pore L11"nq M=Matnx 
Hyd rlc Soil lndicalors: (Appllcablo t o all LRRs, unless otherwise notod.) Indicators for Problematic Hydrlc Soils': 

_ Hlslosol (A 1) _ Sandy Gleycd Ma1nx (S4) _ 1 cm Mud< (f\9) (LRR I, J ) 

_ H1strc Epipedon (A2) _ Sandy Rcdox (SS) _ Coast Prairie Redox (A16) (LRR F, G, H) 

_ Olack H1stic (AJ) _ Stnpoed Ma1nx (S6) _ Dark Surface (SI) (LRR G) 
_ Hydrogen Sulfide (A4) _ Loamy Mucky M1ne1a1 (Fl) _ High Plains Depressions (F 16) 

_ Stratified Layers (AS) (LRR F) _ Loamy Gleyed Matr x (F2) (LRR H outside of MLRA 72 & 73) 

_ 1 cm Muck (A9) (LRR F, G, H) _ Depleted Matrix (F3) _ Reduced Vertrc (F18) 

_ Depleted Below Dark Surface (A 11 ) Redox Dark Surface (F6) _ Red Paren1 Matenal (TF2) 

_ Thick Dark Surface (A 12) ~ Depleted Dark Surface (F7) _ Very Shallow Dark Surface (TF 12) 

_ Sandy Mucky Mineral (Si) _ Rcdox Dep1ess1ons (FS) _ Other (Explarn rn Remarks) 

_ 2 S cm Mucky Peat or Peat (52) (LRR G, H) _ High Plains Depressions (F 16) 3 lndrcators of hydrophy1ic vcgct;itlon ;md 

_ S cm Mucky Peat or Peal (SJ) (LRR F) (MLRA 72 & 73 of LRR H) wetland hydrology must be present. 

unless disturbed or problemallc 

RC>Strl ctlve Layor (II present): 

lype 

Depth (inches). -------- --- Hydrlc Soll Present? Ve~ No __ _ 

Remarks 
, \ ', I ; • ' I r ( 

--- - - ---- -------------
HYDROLOGY 

Wetland Hydrology Indicators: 

Pnma!) lng1!d!IQ!:li (min1m11,l!! nf QnP [f!]""~rj· rttPr~ i!'l ln~ I ~J;![!l~l Si:@nda!) 1ad1!:!!12'li (m101cwm Qf ~~ ri:9!.l!Cl:ill 
_ Surface Waler (A 1) _ Sall Crusl (811) ;L. Surface Soil Cracks (86) 
_ High Water Table (A2) _ Aquatic Invertebrates (B 13) ~ Sparsely Vegetated Concave Surface (68) 
_ Saturation (AJ) _ Hydrogen Sulfide Odo1 (Cl ) _ Drainage Patterns (810) 

_Water Marks (ll1) _ Dry-Season Water Table (C2) _ Ox1d1zed Rh1Lospheres on Living Roots (C3) 
_ Sediment Deposits (82) _ Ox1d1zed Rh11osphcres on Lrv1ng Roots (CJ) (w hore tillod) 
_ Drill Deposits (BJ) (whoro not tl llod) - Crayfish Burrows (CS) 
K Algal Mal or Crust (84) _ Presence or Reauced Iron (C4) - Satura11on Visible on Aenal Imagery (C9) 
_ Iron Deposits (8 5) _ Thin Muck Surface (C7) _ Geomorptiic Position (02) 

){ Inundation V1s1ble on Aenal Imagery (87} _ Other ([xplain in Remarks) _ FAG-Neutral Test (D5) 

_ Waler-Stained Leaves (89) _ Frost-Heave Hummock~ (07) (LRR F) 
Flold Observations: 

Surface Water Present? Yes -- NoX Depth (inches) 

Waler Table Present' Yes __ No_x_ Depth (inches) 

Saturation Prescn1? 
C1nc1udes cao1llarv trlnoel 

Yes _ _ No 2{_ Deplh (1ncnes) Wetland Hydrology Prosont? Yes_L No ---
Doscrrbe Recorded Data (stream gauge. momtorrng well. aerial photos. pre1110us 1nspect1ons). 11 available 

-----Remarks I I \ '( I - •' ,.. l,, r ~,,. 
{ I' I ... !.I ;r' 

. ,. .. .· - I f J '"f'\ r "'\ ( " ., -
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WETLAND DETERMINATION DATA FORM - Great Plains Region 

Profect/S1te f \1\ , l ' · '" 11 1·( / '• , C1tytCounty i'\\f\1•."tCI/"•( ( , , SamphngDafe· O/~/f~ 
Apphcant/Owner· (

1 
-1 ~J ( 1 't' • I • State Samp1uig_ Point SP I-.) [ V-) 

lnvestigator(s): ,- Cl1-J 1f \ ~q t . Section. Township. Range: l... c- 19. l L') //) '- ( 
Land form (hillslope. terrace. etc.)' ~ • \\ ( {"/~1 ~ Local relief (concave. convex. none) c ' Slope (%): ~ 
Subregion (LRR): h I,' ( :,\(')~'I f , y; {' I I V lll IS Lat· 45. llSt.j Long: - I og. s2iOJ Datum: \A/6S I "11~ 
So11 Map Unit Name: LY) L. 1 ~ tVllit S Cl r1 I NVVt ciass1f1catlon: POW I _..____._'-------

Ate climatic I hydrologic conditions on the site typical for this bme of year? Yes _:x_ No __ (If no. explain in Remarks.) 'f 
Ate Vegetation __ . Soll __ . or Hydrology __ significantly disturbed? Ate "Normal Circumstances· present? Yes __ No __ 

Ale Vegetation_. Soll __ . or Hydrology __ naturally problematic? (If needed, explain any answers in Remarks.) 

SUMMARY OF FINDINGS - Attach site map showing sampling point locations, transects, important features, etc. 

Hydrophytlc Vegetation Present? Yes --- No _'.L 
Is tho Sampled Aroa 

Hydric Soil Present? Yes__x__ No \( --- within a Wetland? Yos No 
Wetland Hydrology Present? Yes No ___:s,__ --- ------
Remarks: < ) ,,· ... _yA ( f - \c(C\.-\ t ,I ,; 1· :i 

1
' t t. 

,, 
j \I ( y ~ l'-rl '-' 0. s,-+- rC· I l('. • 1 I ' o--. 

t ~ l l • l 1 () I \"' . rl . .- ' c Are c\. c\ .. p ~ J..,:/ d : . 
t·~y 11>-r' ' \ , ~·~· .. + , 

"'I 4 "'-
-\ ..... _, .... . 

VEGETATION - Use scientific names of plants. 

so'V' 
Absolute Dominant lndlcal0< Domi nance Test worksheet: 

Tr!!!! Stratum (Plot size: ) % COV!!r ~~ciesZ ~li!I!.!~ Number of Dominant Speoes 
1. iJ 11n1w·:-1i .S ( ~ I ( (',<" / ) (I " 11 I 25"1 ~ ~6 Jd£..I:=_ That Are OBL, FACW, 0< FAC ---

(exduding FAC-). r (A) 2. --- ---
3 --- --- Total Number of Dominant -:s 4. Species Across Alt Strata : (B) 

I 
L C. / ,Total Cove_r __ 

Percent of Dominant Species 
~aQli~IShr!,!b ~!H!l!.!m (Plot size I That Are OBL. FACW, or FAC: n (A/8) 

1. :-> 19~:aJZVIQX'.l(f1V ~~~ !'.illti1S _:r_ f'\o IL1 ft-
2 -8.x:+~ m1Si ~ -1 ~~l frl lt1 jt1 -=c_ f\\ 0 1LLB::_ Prevalence lndox worksheet: 

3. Total % ~o~r 2f· Multl[!I:£ b:t: 
--- --- OBL species x 1 = 4 --- --- FACWspedes x2z 

5 ---
I • Total Cover 

FAC species x3= 

Herb Stra1um (Plot size. ~'y- ) FACU species 55L. x4= z.zo 
1 f- I l WYI ~ I~ ~'<!!_.(£.IS ~ ~es ~c,I UPL species ftz.QL: xS= ?.,00 

7 . 
~ 14fS ~ I IS"/. i:;C?() 2 f'.'.01 ! If { ' ' 11 vi ·· Column Totals· (A) (B) 

·li I 1 · 1 fl 1 ~~0 
I 

3. ! '( ( 1 
. 

_!ll_~~ . 
~::LI S{ ft-'.'~ tv1 r ~1 I , I _2..L_ I\) JJf.L Prevalence Index = BIA .. 

4. 

5 
Hydrophytlc Vegetation lndlcatoB: 

6 
_ 1 - Rapid Test for Hydrophytlc Vegetation 

--- 2 - Dominance Test is >50% 
7 ---- --- 3 - Prevalence Index Is S3.01 

8 ---- --- _ 4 · Morphological Adaptations' (Provide supporting 
9 --- data In Remarks or on a separate sheet) 
10 _ Problematic Hydrophytic Vegeta~on' (Explain) --- -----9..oL = Total Cover 
Wo!IQ~ Vine Stratum (Plot size l 'Indicators of hydr1c soil and wetland hydrology must 

1 be present. unless disturbed or problematic. 
--- ---

2 Hydrophytlc - -- ---
=Total Cover Vegetation v % Bare Ground in Hert> Stratum 

--- Prosont? Yes No -- --
Remarks \/<1 (i t (I \ \ O•\. 6-<J +- c\t· M..\ Y\CA.I\ ( t. pr () I {I \ , . I ' I ( (. -rr-s+ . r \ Oi ) ... 

US Anny Corps of Engineers Great Plains - Version 2.0 



SOIL Sampling Poinl SP/-2 {l!) 
'Profile Description: (Ooscribo to tho dopth noodcd to document tho indica tor or confirm tho absoncc of lndicalors.) 

Deplh 
(1nctics} 

0-12 
IZ L2 

Ma1rix Redox Fea1ures 
Coor (m01sll ____!!._ C'olnr lmo1s!l _ o/_,_ ~ -1..QL_ 

II!)'~ l/12. _i§_ 1 .S \ffZY/tc- ~ _c_ ~ 
'I.Sy LI/ I . ~ JOyg t-1 / 0 ";--l _C_ (' ' 

------------ ---- - -- ---
--------- --- --- ---

------------ --- --- ---
------- --- --- -----

rexlyrc Rerrart..s 

1Tvoe C=Concenlra tion. D•Deplellon. RM=Reduced Malnx CS=Covcred or Coaled Sand Grains 'Location PL=Pore Lrnina. M=Matrix 
Hydrlc Soll Indicators : (Applicable to alt LRRs, unless otherwise noted.) Indicators for Problematic Hydrlc Soils': 

__ H1stosol (A1l _ Sandy Glcyed Matrix (S4) __ 1 cm Muck (A9) (LRR t, J) 

__ Histlc Eplpedon (A2) __ Sandy Redox (SS) _ Coast r ra1ne Redox (A16) (LRR F, G, H) 

_ Black H1s11c (AJ) __ Stropped Ma111x (SG) _ Dark Surface (S7) (LRR G) 

_ Hydrogen Sulfide (A4) _ Loamy Mucky Mineral (F 1) _ Htgh Pta1ns Depressrons (F16) 
_ Straufied Layers (A5) (LRR F) _ Loamy Gleycd Matnx (F2) (LRR H outside of MLRA 72 & 73) 

_ I cm Muc:J( (A9) (LRR F, G, H) XDepleled Matrix (F3) _ Reducec Vertie (f 18) 

_ Deple1ed Below Dark Surface (A 11) __ Redo• Dark Surface (FS) __ Red Parent Ma1erla1 (TF2) 

__ Thick Dark Surface (A12) _ Depleted Dark Surface (f 7) _Very Shallow Dark Surface (TF12) 
_ Sandy Mucky Mineral (St) _ Redox Depressions (FS) __ Other (Explain in Remarks) 
_ 2 5 cm Mucky Peal or Peal (S2) (LRR G, H) _ Htgh Plarns Depress10ns (F16) 1 1nd1calors of hydrophyt1c vege1a11on and 

_ 5 cm Muc:J(y Peat or Peal (53} (LRR F) (MLRA 72 & 73 of LRR H) wetland hydrology musl be present. 

unless drsturbed or problemahc. 

Rostrlctivo Layer (If present): 

Type ---------------­
Deplh (inches):------- ---- Hydrlc Soil Present? Yes~ No __ 

Remarks 

------------- --- - --------
HYDROLOGY 

Wetland Hydrology lndica1ors: 

Pnmilry lnd1ca1ors !minimum of one re<iw~ check 1111 !Ml ;ipp1y1 

_ Surface Waler (A 1) _ Sall Crusl (U 11) 

ScCQQdi'IY 1nq1Ciltors !minimum of !WO rcqujrcdl 

_ Surface Soil Cracks (BG) 

_ High Waler Table (A2) 

_ Saturallon (AJ) 

_ Waler Marks (91 ) 

_ 11.Quatrc lnvenebrales (B 13) _ Sparsely Vegc1a1ed Concave Surface (BS) 

_Hydrogen Sulfide Odor (Cl) _Drainage Pancms (9 10) 

_ Dry-Season Waler Table (C2) _ OxrdiLed Rtuzosphcres on Living Rools (CJ) 

_ Sediment Deposits (B2) 

_ Drift Deposlls (BJ) 

_ Ox1d1zed Rh1zospheres on Living Roots (CJ) (where tilled) 

(whoro not tll led) _ Crayfish Burrows (CS) 

_ Algal Mai or Crust (94) 

_ Iron Deposlls (05) 
_ Presence of Reduced Iron (C4) _ Salurauon Visible on Aerial Imagery (C9) 

_ Thin Muck Surface (C7) _ Gcomorph1c Poslllon (02) 

_ Other (Explain 1n Remarks) _ FAC-Neulral Tes1 (05) _ lnundahon Visible on Aerial Imagery (97) 

_ Water-Stained Leaves (B9) _ Frosl-Heave Hummocks (07) (LRR F) 
Fiold Observations: ------

Surface Waler Present? Yes __ No ./ Depth (inches) · 

Yes __ No 7 Deplh (incnes)· ------Waler Table Present? 

Sa1ura11on Presen1? 
(includes cap1t1arv lnn<iel 

Yes __ No / Deplh (1ncncs) - ---- Wetland Hydrology Present? 

Dcsc11be Recorded Data (stream gauge, monllomg well. aenal photos. pre\llOUS 1nspect1ons). 1f avilllablc 

r\. (f l \ , ./ , \ r · , _, , , , 1 \Ii I t \;" ~') /' I 

l-\.1U\1• v t· / <'(' i i . vi<·\ OIJ 7 
I I 

Yes __ _ No V 

US Army Corps of Engineers Grea1 Plains - Version 2.0 



WETLAND DETERMINATION DATA FORM - Great Plains Region 

ProjecVSitc: 131 lllV'lgs /(fl Y'I r, II r YW ~1.QD V) City/Counly td fl 1cws·hY}e ..... Q1, Sampling Dale !O/ z J I z.. 
/\ppllcanVOwner: Cd Id Df-, I;/ 11 ll Vl~S Stale: M-r Sampling Point. W L 2-\ 
lnvestigator(s): L- . D(\~1 1 ·,:/ ..:, ~ I 10 ~. r Y) It y Sec~on. Township , Range· SYJ ]" :J_ s 12 z.uie;... 
Landf0<m (h1llslope, terrace . etc.) Df' pye5 SI DVl . Local relief (concave. convex. none) CO VJ(OI V f, Slope (%)· :2::.!2_'/ 
Subregion <LRR>- £1 - wrs1crnVJYt'a l· (1ti1Vl S Lat· L)l?.1 /Wl Long -IO~ . ?:O ~bS Datum: WG.S \i:r3l\' 
Soil Map Unit Name. l- V] - l-1 'S \ T t l "• ,· ( , 1 I NWI dassificallon __ P._A-12>_-'--_l __ _ 
Aro climatic I hydrolog1c cond1t1ons on the site typical for t~1s time of year? Yes 7 No __ (If no, explain in Remarks.} 

Are Vegetation _N_. Soll __H_. or Hydrology _tl__ signif1tanlly disturbed? Are "Normal Circumstances· present? Yes _L No __ 

Are Vegetation~. Soll _a. or Hydrology _N_ naturally problematic? (If needed. explain any answers In Rerna..Xs.) 

SUMMARY OF FINDINGS - Attach site map showing sampling point locations, transects, Important features, etc. 

Hydrophytic Vegetation Present? Yes V No __ 
Is the Samplod Area 

Yes~ No vesL Hydric Soil Present? 
within a Wotland? No 

Wetland Hydrology Present? Yes No------n 

Remarks. /\.I ('I. I\ \..Q.Q..1 J \ Y'..d. ~ ( 0-t o.- .5 (nr 0... \ \ 
,...,, 
_, ( 

" ( ( \ 
,.. 

/ 
1 ~ \ ~,.., f ( -*r ... ......_ 1u, ' ("\f 

'-
,_ 

I I( I 

VEGETATION - Use scientific names of plants. · 

Tree Stratum (Plot size: __.:;'""<.'-./'_' _Y _ ____, 
1. ________________ _ 

2 -----------------
3 -----------------

4 -----------------

's•v 
Saplino/Shrub Stratum (Plot size: --''---'- --
1 ___________ _____ _ 

2. ________________ _ 

3. ________________ _ 

Absolute 
% ~over 

Domlnanr Indicator 
~11ecies2 Stalu~ 

---

---
= Total Cover 

4 . ----------------- --- - --5 ________________ _ 

Herb Stratum (Plot size. 5 / V' ) 
1. /\tyt v~tX M1c.v~ rdh.a.. 
2. .L) Yi Cn II <'~!fl ~ 1£Y)!j_\.$ 
J XC-1 VI I VJ 1 ~ jjiYj Z· l rt,1Yiic1 t \!. 11 11 

4 -----------------

5 - ----------------

6 -----------------

7 -----------------

8 -----------------9. ________________ _ 

10 ---------------~ 
Woody Vine Stratum (Plot size. ----~ 

1 -----------------

2 ---------- -------

% Bare Ground In Hert> Stratum CJS/. 

= Total Cover 

lljt,S 
VJPS 
ND 

__.::J_j_,. Total Cover 

,. Total Co11er 

---
V• t C •' '!'\.... 

( .., ~ ~ 1 ...... ( , 1 
I 

Dominance Test wo rkshcot: 

Number of Domcnanl Species 
That Are OBL, FACW. or FAC ,... 
(excluding FAC-): (A) 

T otar Number of Dominant 
2 Species Across All Strata. (B) 

Percent of Dominant Species 
l' Thal Are OBL, FACW. or FAC· (A/B) 

Prevalence Index worksheet: 

Total% Cover of· Multiolv by 

OBL species x 1 = ----
FACW species x2= 

FAC species x 3 ,. 

FACU species - /. x 4. ~ 
UPL species 5 '/ x 5 .. 25 
Column Totals: J z. (A) 33 

Prevalence Index • BIA = Lf.1 I 
Hydrophytlc Vogotatlon Indicators: 

_ 1 - Rapid Test for Hydrophyt1c Vegetation 

2 - Dominance Test 1s >50% 

3 - Prevalence Index is sJ.01 

(B) 

_ 4 - Morphological Adaptations' (Provide supporting 
data in Remarks 0< on a separate sheet) 

0roblernatlc Hydrophy1ic Vegetation' (Explain) 

11ndicalors of hydric soil and wetland hydrology must 
be present. unless disturbed or problematic. 

Hydrophytlc 
Vegetation 
Prosont? Yes_::L_ No __ 



SOIL Sampling Po1n1 (A}l,, ") - j 
Prorllo Description: (Ooscribc to tho dopth needod to documont !ho Indicator or confirm tho absence ot indicators.) 

Deplh Malrix RQ!:JQx Fea)ur~s 
(1ni;hQ~l ~OIQ( (illQl~I) ~ Color (rDQlsl)__ ~ .Ji:I!!L --1.2£_ Texlure Remarks 

{ -- //_ i.S'/ L//I --- :7 • 5 fr<Y/k; _LQ_~-1:1_ s1Hcv1y. 
--- ----- --- -

rL - I~ S 'J_ 4/1 --- 1. $.":/. 'fl. 4/!2 _J_2_ _IL_ __tl_ t 'X' 1 vrme 1~n111 rlf l£11v l(jr l 
--- - -- --- ---
--- --- --- ---
--- --- --- ---
--- --- --- ---
--- --- --- ---

1Tvoe C=Concen1ra11on. O=Deolellon. RM=Reduced Main, , CS: Covered or Coaled Sand Grams. \ocat1on PL•Pore L1n1nq M=Malnx. 
Hydrlc Soil Indicators: (Applicable to all LRRs. unless otherwise noted.) Indicators for Problematic Hydrlc Soils : 

_ thslosol (Al ) _ Sandy Gleyed Matnx (54) _ 1 c:m Muck (A9) (LRR I, J) 

_ H1s1tc Ep1pedon (A2) _ Sandy Reaox (S5) _ Coast Prairie Rcdox (A 16) (LRR F, G, H) 
_ Olack H1suc (A3) _ Slr1pped Ma1nx (SS) _ Dark Surface ($7) (LRR G) 

_ Mydrogen Sulfide (A4) _ Loamy Mucky Mineral (F 1) _ High Plains Depressions (F 16) 

_ Stra1rfied Layers (A5) (LRR F) _ Lo11my Gleyed Matrrx (F2) (LRR H o utside of MLRA 72 & 73) 
_ 1 cm Muck (A9) (LRR F, G, H) Z0ep1e1ed Malnx (F3) _ Reduced Vertie er 18) 
_ De pie led Below Dark Surlace (A 11 ) _ Redox Dark Surface (F6) _ Red Parenl Malerral (TF2) 
_ Thick Dark Surface (A 12) _ Dcple1eo Dark Surface (~ 7) _ Very Shallow Dark Surface (TF12) 
_ Sandy Mucky Mineral (S 1) _ Redox Depressions (F8) _ Other (Explain in Remarks) 
_ 2 5 cm Mucky Peat or Peal (S2) (LRR G, H) _ High Plains Depressions (F 16) 'Indicators of hydrophyt1c vegetalion and 
_ 5 cm IAucky Peat or Peal (53) (LRR F) (MLRA 72 & 73 o f LRR H) wetland hydrology must be present. 

unless d1s1uroed or problemalrc 
Restrlctlvo Layer (II present): 

lype. 

Yos_L Deplh (inches) · Hydrlc Soil Present? No ---
f'r "'"1l'lr ~s ,. o·\s v /·0 ... :t -ti~ f'l.c.. t {' (. \ I ¥"~ ·. I • 'Y _, 

- ----- t-Y!.Qj_:I ~ ? 0 I 7_, :r 
HYDROLOGY 

Wetland Hydrology Indicators : 

enmij[)'. ID~'"'lQ!:i (m1n1!ll!Jm Qf 211'! r~l.l·re!J · ch~!;}( ~II !Mt l\C!lll):'.\ SecQndarv lnd1ca12rs (.f!11n1mum QI IWo required) 

_ Surface Waler (A 1) ;{all Crusl (811) ~Surface Soil Cracks (06) 
_ High Waler Table (A2) _ Aqua11c Invertebrates (81 3) YSparsely Vegetated Concave Surface (88) 
_ Salurabon (A3) _ Hydrogen Sulfide Odor (Cl ) _ Drainage Patlerns (0 10) 
_Water Marks (81) _ Dry-Season Waler Table (C2) _ Ox1diled Rh1zospheres on Living Roo1s (CJ) 
_ Seo1mcnt Deposl1s (92) _ Oxidized Rh1iosphcres on L1111ng Rools (C3) (whcro tilled) 
_ Drill Depos11s (93) (where not tl llod) _ Crayfish Burrows (C8) 
_ Alg111 Mat or Crust (84) _ Presence of Reduced Iron (C4) _k'." Saturation Vrs1bte on l\enal Imagery (C9) 

~on Deposits (05) _ Thin Muck Surface (C7) ...\:(' Geomorph1c Position (D2) 
nundatton Visible on Aerral Imagery (97) _ Other ([xplatn in Remarks) _ FAC-Neulral Test (D5) 

_ wa1er-S1alned Leaves (99) _ Frost-Heave I lummocks (D7) (LRR F) 
f:ierd Obsorvatlons: 

Yes _ _ No ~ Deplh (inches) Surface Waler Present? 

Water Table Present? Yes __ No 7 Depth (111ches) 

Saturatton Present? Yes __ No 7 Deplh (inches) Wetland Hydrology Present? Vos 1 No 
L.linciuoes caoillarv frrnac) - --

Descnbe Recorded D<1ta (stream gauge. monitonng well. aerial photos, orcv•ous 1nspcd1ons). 11 avarlable 

Remarks 

\' lrillDW 11(4L-< l\-z1vt\ \J.'f~1t, 
. ' ( ~ U · r ~ (. -t t It \l ' ' I'\ c{ t C <.\ I 

-
~ ) 

_,_ 
r !~ :,-rt ' r-i,,. (",lu, ~1 a ... c 1 )1" {-'~f A"f-~ ' '- . \ .J 

~' I I I 

US A1my Corps or Engineers G1ea1 Plains Version 2 O 



WETLAND DETERMINATION DATA FORM - Great Plains Region 

Project/Sne ~__,,.---T-~~"-'-'-1 c\_{._\_\ ........... ______ C1ty/Coun1y. ye \(( I • ~ I L 1' ( \ D sampling Date 10/H/I r>..... 

AppllcanVOwner '-~~=-----~w......:......;.~---------------- State· I~\'{ Sampling Point J e ;t- ;I ( V) 
lnvesllgator(s): Section. Township, Range. ~ J"I T i S /!_ ~ (:,{;.. 
loncllorm (hillslope, terrace. etc.) _+\....>.;.1\...,\ ..... 1.._\ ..;;.o.,.p_.e,=-------- local relief (concave, convex. none) CD>-\ ve )l Slope(%)',,.... 0-1 0 
Subregion (LRR) (7- \ ,_,\. $\! (I\ G.r'''' ?lo 1v'' Lal / / ~ 7 r 1 3 long -106~ ~ J c,s- Datum \N GiS ( Cf'6 4 
SoA Map Unit Name·-------------------------- NWI dnstllca!fon: \. Jla""'r} r.von~ 

I \J 
Are cl1ma11c I hydrologlc conditions on the site typical for lhls lime of year? Yes __ No __ (If no. explain In Remarks.) 

Are Vege1a11on __ . Soil __ . or Hydrology __ 1lgmficantly disturbed? 

Are Vegetation __ , Soil _ _ . or Hydrology __ naturally problematic? 

Are "Normal Circumstances· present? Yes _ _ No _ _ 

(II needed. explain any answers In Remarks.) 

SUMMARY OF FINDINGS - Attach site map showing sampling point locations, transects, Important features, etc. 

Hydrophylic Vegetation Present? Yes --- No~ Is the Sampled Area 
Hydrlc Soll Present? Yes --- No ....:::b._ 

w ithin a Wetland? Yes No .1-
Welland Hydrology Present? Yes No~ ------
Remarks '~.o-~e.- :::>\ ot \oct1..:t.:' d \.)' ) \ lc£:e, Gf -f~ f'-.i 'C per~/~ c.r+ 1l '( f I(' 

VEGETATION - Use scientific names of plants. 
Absolute Dominant Indicator Dominance T11t worbhfft: 

Tm: s lrimim (Plot 1lze: \ ~ Cg119r S2§Clefl Sli!I!.§ Number of Dominant Speoes 
1 --- That Are OBL. FACW, or FAC .J-2. (excluding FAC-). (A) 

- -- - --
3. Total Number of Dominant ?, •• Species Across All Strata· (B) ---

--- • Tolal Cover Percent of Domin11nt Species ?:rt: Sapling/Shrub Stratum (Plot size: ) That Are OBL. FACW, or FAC (NB) 
1 . ---
2 Prevalenco Index worksheet: 

3 111111 ~ Cmc 2t. Muttl11rt I!~ - --
• OBL species )( 1 .. 

--- FA.CW species )( 2 . 
5 - -- 10 so FAC species xJ" 

- -- ,. Total Cover 
'?D 12 0 t!lltA~l.l!~m (Plot size: l 

I '5r ± [ /ifu 
FACU species x•• 

UPL 1pecles x 5 ,. 1. \ · 11\\,.. \f\ <41 1c 1,, 

2. tJ I. ~lc· :-i: I W\. i C.r' "'- V\;I "- <A._ ~ u P k Column Totals (..\0 (A) I ':, () (8) 

3. l \ .. ii~l " St r~~ ,~~ ,c; % ' / [ /\ < L) 3. ]~-
•• I Prevalence Index • BIA " 

--- --- Hydrophytlc Vegetation Indicators: 
5. --- _ 1 · Rapid Test for Hydrophytic Vegetation 
6. --- 2 · Dominance Test Is >50% 
7. -
8 - 3 - Prevalence Index Is s:i.o' 

- -- _ 4 - Morphological Adaptations' (Provide supporting 
9 --- dala In Remarks or on a separate sheet) 
to. --- _ Problemallc Hydrophytlc Vegetation' (Explain) 

l.{o7o " Total Cover 
~!!!lx V1~ S1r111.1m (Plot size \ 

1lndlcalors of hydnc soil and wetland hydrology must 

1 be present, unleu disturbed or problematic. 
---

2. --- Hydrophytlc ---
( r ( J :: Total Cover Vegetation _x % Bare Ground In Herb Stratum Present? Yes -- No 

Remarks· 
3~~\ 0A.. ( ~ uP..J 11\0.,... ~-..t c\1 l'\A lv1Cq, t le_ G""' f ' •,;I \ ( ~ ~ If' S ~ 

US Army Corps ol Engineers Great Plains ... Version 2.0 



SOIL Sampling Poinl 

Prolllo Description: (Describe to tho dopth needed to document the lnd~Lor or confirm the absence ol Indicators .) 

Depth Mi!W!! B~!lQ~ Fealurs:~ 
( ln,tlc~l \;;QIQ[ (mg1~!l ~ \;;glgr (mgl~!l _ji_ ..b.ll.L -1..o.L T§)(!!,!r!! Rem11r1t~ 

~ 7. s \ {(2 '-lt'b 3f2_ ((\~ti ~ \l'.f.., i!__ _{_ ~ 51\.1 J C lcj \c,. 1 • \ 

l.. l (. ') ~/ l' !...1 _jji_ !U' Id l\ ll I ...? _{:__ ~ ) , )~ J ( lr:J / v i..YiA. r 
--- --- --- - --
--- ------ ---
--- ------ ---
--- - -- --- ---
--- - - - --- ---
- -- --- --- - --

'Tvoe C=Conccnlrahon. D• Deoletion. RMeReduced Matrix, CS=Covered or Coa led Sand Grains. ' Locaho11 PL=Pore LininQ. M" Matnx. 
Hydric Soll Indicators : (Applicable to all LRR1, unle11 otherwise noted.) Indicators for Problema tlc Hydrlc Soils : 

_ Hislosol (A 1) _ Sandy Gleyed Matrix (S4) _ 1 cm Muck (A9) (LRR I. J ) 

_ Hislre Ep1pedon (A2) _ Sandy Redox (SS) _ Coast Pralne Redox (A16) (LRR F, G, H) 
_ Blac,< H1stic (AJ) _ Stripped Matrix (S6) _ Dark Surface (S7) (LRR G) 
_ Hydrogen Sulfide (A4 ) _ Loamy Mucky Mineral (F 1) _ High Plains Depressions (F 16) 
_ Slralified Layers (AS) (LRR F) _ Loamy Gteyed Matrix (F2) (LRR H outside of MLRA 72 & 73) 
_ 1 cm Muck (A9) (LRR F, G, H) _ Depleled Malrix (FJ) _ Reduced Vertie (F 18) 
_ Depleted Below Dark Surface (A 11) _ Redox Dark Surface (F6) _ Red Parent Malenal (TF2) 
_ Thick Dark Surface (A 1 2) _ Deplelcd Dark Surface !F7) _ Very Shallow Dark Surface (TF12) 
_ Sandy Mucky Mineral (S 1) _ Redox Depressions (F8) _ Other (Explain 1n Remarks) 
_ 2 5 cm Mucky Peal or Peal !S2) (LRR G. HJ _ High Plains Depressions (F16) 11ndicalors of hydrophyhc vegelalion and 
_ 5 cm Mucky Peal or Peal (SJ) (LRR F) (MLRA 72 & 73 of LRR H) welland hydrology must be present 

unless dls1urbed or problematic 
Restrictive layer (ii present) : 

Type 

Deplh finches) Hydrlc Soll PrHent? Yes --- No..x_ 

Remarks 
\ ,'\(\,(a._t c.. / s 

, -
Sc) J (")()\ \{ j ' 1\.1.i - V' / JY: .. --4--- . (,/" ~ li J.v , (_ 

l) ._) 
..) 

HYDROLOGY 
Wetland Hydrology lndlcalors : 

P[ i!JliHY lmJ i!;l!IQr~ {mioiaJYm Qf Q!J!l [~l!lr11d · ~h!l~k :.ill lhl!! i!:H21:tl Ss:i;Qndjj[Y !ng1~i1lQ r:i l!WOl!I!!.!m QI ~vg CC!llllrC!U 
_ Surface Waler (A 1) _ Salt Crust (91 1) _ Surface Soil Craeks (96) 

_ High Water Table (A2) _ Aquatic Invertebrates (9 t 3) _ Sparsely Vegetatea Concave Surface (981 
_ Saturahon (AJ) _ Hydrogen Sulfide Odor (C 1) _ Drainage Patterns (01 0) 
_ Water Marks (B 1) _ Dry-Season Water Table (C2) _ Ox1dued Rh1Lospheres on L1v1ng Roots (CJ) 
_ Sediment Oeposll& (92) _ Ox1d1zed Rh1zospheres on l 1v1ng Rools (CJ) (where tilled) 
_ Dnft Depos11s (93) (where nol lllled) _ Crayfish Burrows (CS) 
_ Algal Mal or Crusl (94) _ Presence of Reduced Iron (C4) - Salurallon Vis11lle on Aerial Imagery (C9) 
_ Iron Ocpos1ts (95) _ Thin Muck Surface (C7) - Geomorphlc Posllion (02) 
_ tnunda11on V1s1ole on Aerial Imagery (87) _ Other (Explain in Remarks) - FAC-Neulral Tesl (05) 
_ Water-Stained Leaves (69) - Frost-Heave Hummocks (D7) (LRR FJ 
Field Obaervatlon1: 

Surface Water Present? Yes -- No A Dep1h (inches) 

Water Table Presen1? Yes -- No~ Depth (inches) 

Salural1on Present? Yes _ _ No~ Depth (inches). Welland Hydrology Present? Yes --- No~ 
!includes cao1llarv frinoel 
Describe Recorded Data (slream gauge. monitoring well. ae11al photos. previous inspcc11ons). 11 available 

-QC'llil r k ~ ~ ~ r .,/ l 
I •' .~ 1{(\. \ Ot S (.,i k Jr\v l • k j ' / --0 ' 

US Army Corps of Engineers Grcal Plains - Version 2.0 



WETLAND DETERMINATION DATA FORM - Great Plains Region 

ProjecVS11e: E.i1ll1 Yl§S UI l'rjf d I r XP«l /lSIO n City/County. ltjf llVWS roVle CC-. Sampling Date· 10 /°I / 12.. 
ApphcanVOwner: lrl l(J o(- P.J1 lltYt,t:. State. MT Sampling Point· SPZ:> -1 WL 
tnvesllgator(s) 1- I D11v11e1 <"J' I Jr. ' 'j( I 11 <k. Section. Township, Range. 5 'P'.1 :f.1-3 v:zlP 6 

' 
Land form (h1llslope, terrace. etc.): 01' VY(.'~ 10 Vl Local relief (concave. convex. none) ( ..£) n< tit v e, Slope (%) ~'/, 
Subregion (LRR): (1- Yi/l°'Si C' I /\J VJ Y(fll VI V'J 11.:i Lat: >12:12 l'i 2. Long - I o<J . s ~ t. <]'O Dalum Wf. Is 1g <z4 
Solt Map Unil Name. L.. Yi - L IS m fl !.: ~I c,. '/ NW1 clas.sification. pf fV\ ~ I 

r . ./ 
Are climatic I hydrologic condioons on the site typical for tn1s time of year? Yes _Y_ No __ (If no, explain in Remarxs.) 

Are Vegetation _N_, Soil ~. or Hydrology _li_ significantly disturbed? Are "Normal Circumstances· present? Yes ~ No _ _ 

Are Vegetation_&_, Soll ~ or Hydrology _N_ naturally problematic? (If needed, explain any answers in Remarks.) 

SUMMARY OF FINDINGS - Attach site map showing sampling point locations, transects, important features, etc. 

Hydrophytlc Vegetation Present? Yes~ No -- Is tho Sampled Aroa 

YesL 
Hydric Soil Present? Yes~ No -- within a Welland? No 
Wetland Hydrology Present? Yes ~ No -----
Remarks 7\-r~c:.. ~\,~ I V\ c\ I C n..:\ v ~ ~; .~ \\ < e r ,-\:e..V"•Gl ..._) 

_:a.. I\ ·.,)t ( 101' lc,<:11(,\ I. I\.•· 
~ 

C·\... \ of:- t \..( 1- let " (( ( ~C..>l 1 -> 

VEGETATION - Use scientific names of plants. 

Absolute Dominant Indicator Dominance Test worksheet: 
Tre!i! ~tratum (Plot size: ) °l!! !:;QV!i!r S~cii:~Z ~tatys Number of Dominant Species , 

--- --- That Are OBL. FACW, or FAC 2 (excluding FAC-): (A) 2 --- ---
3 - -- --- Total Number of Dominant 2. 4 Species ACfOSS Al Strata: (B) --- ---

- -- • Total Cover Percent of Dominant Species I u:t/r. (NB) Sapling/Shrub Stratum (Plot size· l That Are OBL, FACW. or FAC. , . --- ---
2. Provalence Index worksheet: 

3 TQlal % Cover of: MulliQ~b~ 
--- --- 32. :i2. OBL species )( l = 4 --- '5,3 100 --- FACW species x 2" 5 --- --- FAC species X3" =Total Cover ----

H!i!d2 ~l!i!l l.!!!l (Plot size: l FACU species - x 4 = 

1 H o Y ~ e IA YY1 j I·\ ~ti\ h ·1 vY1 '50/ ~~$ rAtW UPL species 15 )( 5 = IC: 
2 1 · 1 ect:(1t!P~ ·-,,/1 l1t1' i1 1~ ~ 1:4~s i?~I... Column Totals: 100 (A) 213 (B) 

3 1- 1:xrr1~ 1~ , f?~· JS.L l"J 0 tl!l'l: '.21 13 
4 , llc1,11:r 1 .. 11;1,1<.. f,,,. i' t l.'.I~ --3.£ NO f-7\t.W Prevalence Index " BIA ,. 

5 I tA tll ltl r1 C:f £115, 11 r 1) 110\ 2./. ND 06L Hydrophytlc Vegetation Indicators: 
J I _ 1 ·Rapid Test for Hydrophytlc Vegetation 6 --- --- JL'2 · Dominance Test is >50% 7 --- JL 3 - Prevalence Index ls s3.01 

8 --- _ 4 - Morphological Adaptations' (Provide supporting 
9 --- data In Remarks or on a separate sheet) 
10 

_ Problematic Hydrophytic Vegetation' (Explaln) --- ---
JQ..QL =Total Cover 

WQQ!J~ Vll'.l!il l.ltrsmim (Plot size ) 'Indicators of hydrlc soll and wetland hydrology must 

1 be present, unless d isturbed or problematic. --- ---
2 - -- Hydrophyllc ---

=Total Cover Vegetation / % Bare Ground In Herb Stratum --- Prosent? Yes No 

Remar~ j\ 
VI (.( ( S c\\I\..\.• v~l ,. (.( + ~ Y( './(I. I( .-\( e -k~ 1r e .. ~ 

1 
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SOIL Sampling Pooni SP~ - 1 

IProfllo Description: (Describe to tho dopth needed to document the indicator or confirm tho absenco of Indicators ) 

Oep1n Ma!nx Rcdox Fealures 
(inches> Color 1mo1~'. l _%__ Color (mo1sl) ~ ~ ~ Texture Remarks 

O· 1- IO'f R 4/1 -, syrz. 7)~ i_ __k_ ..f.L ~1Hy{t~+-y_to-'--CA/?;__1 _____ _ 

- ------ --- - - ---
1 - IO 

------- --- --- ---
IO -1 '2 I oyg 1-i /I 

------- --- --- ---
------- --- --- ---
------- --- --- ---

'TvO<! C=Concentralion. D: Deplctoon. RM=Reduced Malrox. CS=Covcred or Coated Sand Grains 1Locatoon PL=Pore Lononq M=Malrix . 

Hydrlc Soll Indicate~ : (Applicable to all LRRs, unless otherwise noted.) lndicato~ for Problematic Hydrlc Soils': 

_ Hostosol (A 1) _ Sandy Gleyed Matrix ($4) _ 1 cm Muck (A9) (LRR I, J ) 

_ Hoslic Epipedon (A2) _ Sandy Redox (SS) _ Coast Prairie Redox (A1 6) (LRR F, G, HJ 
_ Black H1st1c (A3) _ Stropped Matnx (56) _ Dark Surface (57) (LRR G) 

_ Hydrogen Sulfide (A4) _ Loamy Mucky Mineral (Fl) Hogh Plains Depressions (F 16) 

_ Suat1fied Layers (AS) (LRR F) _ I oamy Glcyed Matrox (F~) (LRR H outside o f MLRA 72 & 73) 

_ 1 cm Muek (A9) {LRR F, G, H) ?oeple1ed Matrix (FJ) _ Reduced Vertie (F 18) 

_ Depleted Below Dark Surface (A11) _ Redox Dark Surface (F6) _ Red Parent Material (TF2) 

_ Thick Dark Surface (A12) _ Depleted Dari< Surface (f-7) _ Very Shallow Dark Surface (TF12) 

_ Sandy Mucky Mineral (S1) _ Redox Depressions (F8) _ Other (Explain In Remarks) 

_ 2 S cm Mucky Peat or Peat (S2) (LRR G, H) _ High Plains Depressions (F t6) 'Indicators or hydrophytic vegeta11on and 

_ S cm Mucky Peat or Peat \S3) (LRR F) (MLRA 72 & 73 of LRR H) weUand hydrology must be present. 

unless disturbed or problematic 
~--------------------------------------------------Restrictive Layer (if present): 

1ype 

Deplh (inches) ---------- Yes / No Hydrlc Soil Prosont? 
>-- - - ----------------+---------,----...._-------------------1 

Remarks ") 0 1 \,..\ \'\." . U- ~ ~ f) Q. K.C\ 1, 1 , . , . ,'I 'C.' t-o ' J 

HYDROLOGY 
Wetland Hydrology Indicators: 

Pr 11na~ lndl!<i! lll!:~ (minimum Qf Qn!;1 rn!:H/iq~d · ~~Q! j!ll lhat OQQly\ S!l~Qadar:y tnQ•~IQr~ !minimum 2[ ~Q cr;guor11!ll 
_ Surface Water (A 1) _ Sall Crusl (8 11) _ Surface Sool Cracks (86) 

_ Hogh Wa ler Table (A2) _ AQuatlc tnvertebrales (8 13) _ Soarsely Vogeta1ea Concave Surface (98) 

_ Saturation (A3) _ Hydrogen Sulfide Odor (C 1) _!i"o raonage Pauerns (B10) 

_ Water Marks (B1) _ Dry-Season Water Table (C2) _ Ox1d1Led Rho.zospheres on Loving Roots (C3) 

_ Seaoment Deposits (B2) .L Ox1d1zed Rhozospheres on L1v1ng Roots (CJ) (whore titled) 

_ Droll Deposits (83) (whore not tilled) _ Crayfish Burrows (CS) 

_ Algal Mat or Crust (B4) _ Presence of Reduced Iron (C4) _ Saturation Visible on Aerial Imagery (C9) 

_ Iron Oeoos1ts (BS) _ Thin Muck Surface (C7) .JL' Geomorph1c Position (D2) 

_ Inundation V1s1bte on Aerial Imagery (B7) _ Other ([xplain on Remarks) _ FAG-Neutral rest (OS) 

_ Water-Stained Leaves (89) _ Frost-Heave Hummocks (D7) (LRR F) 

F ield Observatlon5: 

Surface Water Present? Yes __ No V Depth (inches): 

Waler Table Present? Yes __ No~ Depth (inches)· 

Sa1ura1oon Present? Yes __ No __ Depth (inches). Wetland Hydrology Present? vos_L No 
(includes cao1llary fnnocl ---
Dcscrobc Recorded Data (stream gauge, monitoring well oerool pnotos. previous 1nspcct1nns). or available 

----Remarks \ ,. -... (.) 

l "" c i ( o..:\-(Y 5 -=r ~\fl \'\ (\ . I 

I ~ -; I :; • I-' ' I ,..lo (] l • ~\I' ·, . I " r . 
' ..... ) I 

.J -
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WETLAND DETERMINATION DA TA FORM - Great Plains Region 

Pro1ect1Slte --'-'-'-'U....U-"4'-.L-.:_._,,..L...'-:...u.JU..L..-l-L..4-.;__-=~ City/County· vjCllW-'.SroY1 e co I Sampling Date 10/0, /f 2 
--'-'--'-"'-+-..._,___......,_,_.u.i..._,__.,,__ ______________ Stale fvt[ Sampling P01nr ::;y ~ - L ( 11 "1..-) 

lnvesugator(s)· _.......,,_.~~~~'""'-_,__...._~--_._.-'-'-t-V _ __ Section. Township, Range: $ '.;zvl I~~ \C2 (/(.. 

Landform (hillslope. terrace, elc )" - ---------- Local relie f (concave. convex. none) ------- Slope (%) __ _ 

Subreglon(LRR): b- YVf'Sifrn f:Jt r(I-/ P\Plln~at YG.1211? Long -1oi.?~2..r] Datum: \11f}SJl18'4 
SoM Map Unit Name: L..vi - L.f .S m,-,,S C I ~ '/ NWI cJassificatlon: __ .LJ(\.._,1/f""'A:.....;_ ___ _ 

Ale climatic I hydrologic conditions on the site typical for this tirnc of year? Yes _:L._ No __ (lf no, explain in Remarks ) 

Ale Vegetallon __bJ_, Soll~. or Hydrology ti_ s1gniflcanlly dislurbed? Are 0 Normat Circumstances· present? Yes ___L_ No __ 

Are Vegetation~. Soll ...hl_, or Hydrology ~naturally problematlc? (If needed. explain any answers in Remarks.) 

SUMMARY OF FINDINGS - Attach site map showing sampling point locations, transects, important features, etc. 

Hydrophytlc Vegetation Present? Yes -- No v' Is the Sampled Aroa 
Hydrlc Soll Present? Yes -- No~ 

w ithin a Wetland? Yes No / 
Welland Hydrology Present? Yes No --vr- - -- -----
Remarks (Jt p I V\ Vlv\ w v- 2 - 3 1 lf\7S1op e- or Wt h~~ 

{\-v-e.CA- {o .. c.\- .S f I/\.)\ 01 
(" C Jzv _f rv ~- C'(/ 3 0 rt-eviu 

VEGETATION - Use scientific names of plants. 

30
1 Absolute Dominant Indicator Dominance Test worksheet: 

Ir!il!il ~1ra1um (Plot size: ) ~ Qover Soecies? ~ Number of Dominant Species 
1. @; pl.A ll!iS etc l·ltMW5 (oV<:r~ ltlYl@) _J§_ ~ i::::Ac. That Are OBL. FACW, or FAC 2-
2. (exd uding FAC- }: (A) 

--- ---
3 - -- --- To1a1 Number of Dominant s 4 Species Across AH Strata: (8) - -- ---

_l5_ = Total Cover Percent or Dominant Species 'fD{_o ~a11hD.QIShru!1 ~lr§! !um (Plot size. l That Are OBL, FACW, or FAC: (NB) 
1. I hA VI t E-(1 n l ..S ns:te C!:S ve t yYJg _1Q_ ¥~.1. lltl:... 
2 ~0.!;?1 \Jl/ (lt. fj.St I 5" ~o L1m Prevatonce Index worksheet: 

--- Total% Cover ot Multiply by 3. - - - --- OBL species x 1 = 4 --- - - - F ACW species x2z 5 52 llA5 4 5 "' Total Cove_r __ FAC species x3: 

Hi:r!1 ~tra!J.!m (Plot size I FACU species ((z5 x 4 = 2!o0 
1 ~f tr~~ ~· ; 1s1s AIL~ rl'<v\ UPL species ~ x 5 = 200 
2 40 E r / \G Column Totals: (A) _b2-S (B) ~ YDS IS c i I/ tl 1 I s 
3 i-j / vYlt I~ rrp I I~ 20 f A <VI 3.<1 I Prevalence Index = BIA" 
4 --- --- Hydrophytic Vegetation Indicators: 
5 - -- --- _ 1 • Rapid Test ror Hydrophytic VegetaUon 
6 --- --- 2 • Dominance Tesl is ;>50% 
7 ---- - -- 3 • Prevalence Index Is s3.01 

8 ---- --- _ 4 - Morphological Adaptations' (Provide supporting 9 - -- --- data In Remarks or on a separate sheet) 
10 - -- _ Problematic Hydrophytlc Vegetation' (Explain) 

10 0 = T olal Cover 
Wood~ Vine Slri!tUm (Plot SILe l ' Indicators of hydric soil and wetland hydrology must 

1. be presenl , unless disturbed or problematic 
--- ---

2. --- Hydrophytlc ---
/ =Total Cover Vegetation 

'Yo Bare Ground in Herb Stratum --- Present? Yes No -- --
Rema1ks /I Yf"Vl / S 1(1f'flVll0 1J y( l / f't'I 

j\ 'r f ("\_ (" "' (Ir_.\ I -.tl ...... (1,·1~ ; ( I 
/f , ., ( t (' ( ~ 

I ~ .. ~ 

US Army Corps of Engineers Great Plains - Version 2.0 



SOIL Sampling Point :, P ~ -1... 
Profile Description: (Describe to t ho depth noodod to document the indicator or confirm tho absonco of Indicators.) 

Deptn Matrix Redox f-eatures 
{H)Ch!1~l Color (moist\ _%_ COior {rno1s1} _'.&___ . ...!1QL _lli:_ T~xture R~mark~ 

Q-l5s"' tc?Y/Z L l/L_ .!]!j_ 0 YR4L?. I c;. M Sl l·\'j(lt ''/ --- --- ~--
--- - - - - - - --- - --

--- --- --- - --
- - - --- --- ---
--- --- --- - --
--- --- --- ---
- - - --- --- ---
--- --- --- ---

' Tvpe C=Concen1ra11on. D =OeplAuon. RM=Reduced Matrix, CS=Covered or Coated Sand Gr111ns 'Location: PL=Pore Lininq. M=Matnx 

Hydric Soil Indicators: (Appllcabl& to all LRRs , unloss othorwlse noted.) Indicators for Problematic Hydrlc Solts': 

_ H1s1osol (A 1) _ Sandy Gleyed Ma1rix (S4) - 1 cm Muck (A9) (LRR I, J) 

_ H1stic Epjpedon (A2) _ Sandy Redox (SS) _ Coas1 Prairie Redox (A16) (LRR F, G. H) 

_ Black H1st1c (A3) _ S1ripped Matrix (S6) _ Dark Surface (S7) (LRR G) 

_ Hydrogen Sulfide (A4) _ Loamy Mucky Mineral(~ 1) _ Htgh Plains Depressions (F 16) 

_ Strattficd Layers (AS) (L RR F) _ Loamy Gleyed Matrix (F::>) (LRR H outside of MLRA 72 & 73) 

- 1 cm Muck (A9) (LRR F, G, H) _ Depicted Malnx (F3) _ Reduced Ver11c (F 18) 

_ Dcpteled Below Dark Surface (A 11) _ Redox Dark Surface (F6) _ Red Paren1 Material (TF2) 

_ Thick Oatk Surface (A 12) _ Oepleled Dan< Surface (F7) _ Very Shallow Dark Surface (1F 12) 

_ Sandy Mucky Mineral (S1) _ Redox Depressions (FB) _ 0 1hcr (Explain 1n Remarks) 

_ 2 5 cm Mucky Peat or Pea1 (S2) (LRR G, H ) _ High Plains DcpresS10ns (Fl6) l lnd1cators of hydrophyt1c vegctatton and 

_ 5 cm Mucky Peat or Peal (S3) (LRR F) (MLRA 72 & 73 of LRR H) weuand hydrolOgy mus1 be present 

unless disturbed or problematic 

R&st rlctive Layer (If present) : 

Type - .../ Depth (1nd1es). Hydrlc Soll Pro11Gnt? Yes No --- ---
l~emarks j D,\_} I 

·, ' (<J.. 
\ ~ ,\ · J.c, d c...,....J ,, 

I ~ + ,. ' .. . ( , . 
-

----- --- ~VlOt"o 3 'O 
HYDROLOGY 

Wetland Hyd rology Indicators : 

Pr1mac; lnd1~atcr~ (minimum QI Qn!: regui(i;g · !;hf;:!;k i.Jll lbill ilUl'llYl Secondi!J:Y 1oail<!112cs (mioimYm Qf two rnmlir~l 
_ Surface Water (A 1) _ Salt Crust (81 1) _ Surface Soil Cracks (86) 

_ High Waler Table (A2) _ Aquatic lnvcneorates (8 13) _ Sparsely Vegetated Concave Surface (BB) 
_ Saturation (A3) _ Hydrogen Sulfide Odor (C t) _ Drainage Patterns (B 10) 

_ Water ~Jarks (8 1) _ Ory-Season Water fable (C2) _ Ox1C11zed Rh•Lospheres on LMng Roots (C 3) 

_ Seoiment Deposits (B2) _ Ox1011cd Rh1zospheres on L1v1ng Ro01s (C3) (wh ere tflled) 
_ Or1'1 Deposlls (B3) (w h&ro not tfllod) _ Crayfish Burrows (CB) 

_ Algal Mal or Crust (94) _ Presence of Reduced Iron (C-i) _ Saturation V1s1ble on Aenal Imagery (C!J) 
_ Iron Deposits (05) _ Thin Muck Surface (C71 _ Geomorph1c Pos1t1on (02) 

_ Inundation V1s1ble on l\enal Imagery (B7) _ Other ([xplain 1n Remarks) _ FAC-Neultal Test (05) 

_ Water-Stained Leaves (89) _ Frost-He;ive Hummocks (07) (LRR F) 

Flold Observations: 

Surfac.o Water Present? Yes __ No / Depth (inches). 

Water Table Present? Yes -- No ..,/ Depth (inches): 

Saturation Present? Yes _ _ No v"" Depth (inches) Wetland Hydrology Prcsont? Yes No v 
J!ncluocs cao1flarv fnnael --- --
Describe Recoraed Data (stream gauge, monitoring well . aoro;il pholos. preY1ous inspections). i( aya1lable 

I Her·w~ s N o 
I 1· o v 2. ~ i v1ci ' r rrtOl<S 

l 
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WETLAND DETERMINATION DATA FORM- Great Plains Region 

ProtocVSite i;;l!llY7(\) Lt lvvjl I I ~!· IH' l~ 1 ·t7r'l City/County \/ f;"ll6V\/SrtlVl~ CO· Sampling Date \0 /~/12-
ApplicanUOwner ( r 1 D Q \ B i I h ~'lt}~ I State M l Sampling Point ft · I 

1

( W l ) 
tnvestlgator(s): 1.- . DtlHl lf' IS'f-1 ch SC.~1 1t~ Sect1on. Townshlp,Range: 5 ig T1.S 12:"Z.0E.-
lan<:110fm (hillslope, terrace. etc) Local rehef (c:oocave, convex none) Slope (04) __ _ 

Subregion(LRR) h- \tWS-tervl f[rffl-f P/t?IYJ.S Lat '-15 .11s ~ i Long - \OS sy;;o<t Datum WC1~l'1? ~ 
Soll Map Unit Name L It\ - L-1 5 Y'YIO'I $ 01 AV NWI dassltlcation. I",- V\I\. - I 
Ne cllmatJC I hydrologic condillons on the site typical for this ume of year? Yes ~ No __ (If no, explain In Remarl<.s.) . / 

Are Vegetation _hl_. Soll~ or Hydrology N slgnificantty disturbed? Are "NOfmal Circt.mstances· present? Yes __IL_ No __ 

Are Vegetation _bJ_, Soll _tl_. or Hydrology K naturally problematic? (II needed, explain any answers In Remar!ls.) 

SUMMARY OF FINDINGS - Attach site map showing sampling point locations, transects , Important features , etc. 

Hydrophy1lc Vegetation Present? Yes ./ No -- Is tho Samplod Aroa 
Hydric Soil Present? Yes -;;r- No -- w ithin a Welland? Yos v No 
Welland Hydrology Present? Yes2= No --- -----
Remarks V\J ct1~ntq \ VI SVVc?l l -e 16'l l~Y16-\toe- t O YtllVttj {wrri vi111s top<¥ 

. 
\ v\~ l( c'-..t C·r .J J..-r(.o_ 

J t d . ~ _.J\ ":5 0 +{_~ I\.... 

VEGETATION - Use scientific names of plants. 
Absolute Dominant lndicatOf Domlnanco Test worksheet: 

Tr21: ~tralum (Plot size: ) % Q2ver ~~!<!~§? ~1a1us Number ol Dominant Species 
1 --- That Are OBL. FACW, °' FAC \ 
2 (excluding FAC- ) (A) 

- --
3 --- --- Total Number ol Dominant z_ 
4 Species Aaoss All Strata: (B) --- ---

--- =Total Cover Percent of Dominant Species G'<J% ~a11H!J9lShl\Jb S!ri!l!.!II! (Plot size: \ Thal Are OBL, FACW, °' FAC (A/B) 
1. ---
2 

Prevalence lnclox woritsheot: 
--- - -- Total % Cover ot. Mult112tl b~f 3 --- --- toS COG 

4 
OBL species x 1 .. 

--- --- !;.; FACW species x2 • 10 5 --- FAC species x3 • 
=Total Cover 

Herb Stratum (Plot size: \ --- FACU species x 4 " 

1 SC r} Qf Vl oee6rvt~ m~l'"l TIYY'l lll.S J2Q_ y_es C!?L UPL species -2.0 x 5 : ISO 
2 {j h'l~\f x \'Y1 I ( t t\f'lj Hf1 ~,o _:f.e~ JAf'.k_ Column Totals 100 (A) Z"2-S° (8) 

3 J\l\'l"C: V\..S ~"'-for:\'""~ S NU OB L 2 .is Ht?yt lCl•IWIJ O'W! fqyn s-- NO [11CIJ') Prevalence Index • BIA• 
4 --- Hydrophytlc Vegetation Indicators: 
5 - - - _ t - Rapid Test for Hydrophyt1c Vegetation 
6. - - - --- ~ - Dominance Test Is >50% 
7 - - - _ 3 - Prevalence Index Is S3.0' 
8. 

9. 
_ 4 - Morphological Adaptations' (ProVtde suppO<ting 

--- --- data in Remarks or on a separate sheet) 
10 --- --- _ Problematic Hydrophytic Vegetation' (E>1pt:11n) 

_JQQ__ = Total Cover 
Woodv Vine l2tratum (Plot size \ 'tndlcatOfs of hydric soil and wetland hydrology must 

1 be present, unless dlsturtied °' problemauc 
----------

2 Hydrophytlc --- --- / = Total Cover Vegetation --- Present? Yes No % Bare Ground In Hert> Stratum - - --
Remarks· (1 r~7 tt{ Ve~efVlfl 'o V"\ . 

S P l o..J I '-/r\' · L s 0 i\ \j I (/ -+(I.-~ I .., . \ I t·{Qj ( \/f'' Vl' \( Y\ ( e c.J+ ,r1"(! <l 
_,) 

\ \( 11111 . ,A \,, / , ,,\,r1, . 
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SOIL Samoling Po rt 

Profile Ooscrlption. (Ooscribe to the depth ncodod to document tho Indicato r or confirm the a bsence of indicators.) 

Deplh Malrtt Rcdox Features 
(1nct!!:~l ~2l2r (mo1sl! __ %_ Color lmoosn _ % __ -1mL -1.QL Texture Remarks 

0- llH ~"~LI I 
_5__ 10¥B ~ l"2. _2__G_~ vlC-'j_ 

- - --- --- --- - --
--- --- --- - --
--- --- --- ---
--- --- --- ---
--- - -- --- ---
--- --- --- ---
- -- --- --- ---

' Type CcConcentrat1on, D=Depletion. RM=Reduccd Matrix. CS=Covered or Coated Sand Grains 1Locot1on: PL=Pore Lin1nq M=Mnlnx. 
Hydrlc Soll Indicators: (Applicable to all LRRs, unless othorwlso noted.) Indicators for Problematic Hydrlc Solis': 

_ tl lslosol (A 1) _ Sandy Gleyed Matrix (S4) - 1 cm Muck (A9) (LRR I, J) 
_ Hishc Ep1pedon (A2) _ Sandy Redox (SS) _ Coast Prairie Red ox (A 16) (LRR F, G, H) 
_ Black H1st1c (A3) _ Stropped Malnx (S6) _ Dari\ Surface ($7) (LRR G) 
_ Hydrogen Sulfide (A4) _ Loamy Mucky Mineral (F1) _ Hogh Plains Depressions (Ft 6) 
_ Stratified l ayers (AS) (LRR F) _ Loamy Glcyed Matrix (F2) (LRR H outside o f MLRA 72 & 73) 
_ 1 cm Muck (A9) (LRR F, G, H) ...I.(' Depleted Matnx (F3) - Reduced Verlie (F 18) 
_ Depleted Below Dark Surface (A 11) _ RP.dox Dark Surface (F6) _ Red Parent Materodl (TF2) 
_ Thick Dari\ Surface (A 12) _ Dep1eteo Dark Surface (F7) _ Very Shallow Dant Surface ( I F- 12) 
_ Sandy Mucky ~lneral (S1) _ Redox Depressions (F8) _ Other (Explain in Remarks) 

_ 2 5 cm Mucky Peal or Peat (S2) (LRR G, H) - High Plains Depressions (F16) ' indicators of hydropny11c vegetauon and 
_ 5 cm ~lucky Peat or Peat (S3) (LRR F) (MLRA 72 & 73 of LRR H) wetland hyd1ology must be presenl. 

unless d isturbed or problemaloc 

Rostric tlvo Layor (If present): 

f ype 

t/ Deplh (1nctocs). Hydrlc Soil Prosont? Yos No --- ---
Remarks ~...>O IL St1 W1 pl e. TPl~·Vl I YVVY1 Wf't.'ltj C,., ( I () l 1 we-t- -j -r• ":,(I VI 'v l c. 
r·f- \ vvvi ~vlSpe- vid eCI l..t t wc'\l t'I'; ":..c { t 11Vl I- 1 1fH I lin0· 

P i+). f\/\ DS-r 

l l)'OVI ( x~o~v~ C. i OVl l V. 

HYDROLOGY 
W&tland Hydrology Indicators: 

_.Y. )>urface water (A t) 

_!(' Hogh Water Table (A2) 

Jf. Saturation (A3) 

_ Waler MarKs (B1) 

_ Sed1mont Deposits (92) 

_ Drill Deposits (BJ) 

_ Algal M~I or Crust (94) 

_ Iron Deposits ([35) 

_ Inundation Visible on Aerial Imagery (137) 

_ Water-Staoned Leaves (89) 

-

JI\ . I t , I : ! r1x10-fi L I l-1 tiJ 
f"V!on.>4-~ ----

Secondary Indicators (m104mum o' 1wo require<!! 

_ Surface Soil Cracks (96) 

_ Aquatoc Invertebrates (B 13) _ Sparsely Vegetated Concave Surface (98) 

_ Hydrogen Sulfide Odor (C 1) _ Drainage Patterns (B 10) 

_ Dry-Season Water Table (C2) _ Ox1d1zed Rh1zospheres on Living Roots (CJ) 

_ Ox1d1zcd Rh1<:osphcrcs on Living Roots (C3) (where tllled) 

(whore not tlllod) __ Crnyfish Burrows (CS) 

_ Presence of Reduced Iron (C4) _ Sa turation Visible on Aerial Imagery (C9) 

_ Thon Muck S11rfacc (C7) _ Gcomorphlc Posilion (D2) 

_ Ottier (Exolaln in Remarks) _ FAC-Neu1ra1 Test (05) 

_ Frost-Heave Hummocks (D7) (LRR F) 
Field Observations: 

Surface Water Present? 

Water rable Present? 

/ l"t 1"1 
Yes \/ No Deplh (1ncnes) 0 Y 1- ( f ' 

Saturation Present? 
1nctuocs ca olla fro e 

Yes 7 No = Depth (inches) I 0" 
Yes 7 No __ Deplh (1ncnes) -~--- Wetland Hydrology Present? 

Ucscnoe Recorded Data (stream gauge. mon1tonng well. aerial photos. previous 1nspechons). if available 

c:.~ f+ c VV1 S-t- VI s I \? \ e,, 

.\J 1 c~ f- lv_s ,'·\:=- ' I l .. ... ''~ \ 

US Army Corps of Engineers 

. 1 I('··)'-/ 
. I 

,. ' ~ l-, :_~ [ \ ~ 

' 

Yes~ No 
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WETLAND DETERMINATION DATA FORM - Great Plains Region 

Pro1ecvs1te: Bil\ih@S /.t1v1drr11 t?xp{t1V7SIOYI 
AppllcanUOwner: ? t nq Of 121 l/1 ngs 
tnvestigator(s) L • DttVll c: IS\;'.'/ / J; ~)c..Yi lt:K 

I 

City/County: V{ <'{ IOW<)[?J VJ l;, C'O , Sampling Dale ~Lj_g_ 
State mr Sampling Polnt·..SP b -7- ( v) 

Section. Township, Range: S2Pl Jd..S rl!Jt; e. 
Landform (h1llslope. terrace. etc.) I r1 l lSI ope. Local relief (concave, convex, none). ?o nV tX Slope (%) ~ 
Subregion (LRR): G-We&\ern Vj~eaf P~at y s. ,, SloZ. Long· - - 1oi. i;-4 Z~ ""t DatlKTl' weis1qtLJ 
Soll Map Unit Name: L.~1 -1 I S VYICl!S C I 01 \. / NWI dass1ficat1on. ---'N'--11-A-____ _ 
Are climatic I hydrologlc conditions on the site typical ,: this time of year? Yes~ No __ (If no. explain 1n Remarlts ) / 

Are Vegetation .::f--· Soll~. or Hydrology~ significantly disturbed? Are 'Normal Circumstances· present? Yes _V __ No 

Are Vegetation ..hl_. Solt ~. or Hydrology __b:!_ naturally problematic? (If needed, explain any answers in Remarks.) 

SUMMARY OF FINDINGS - Attach site map showing sampling point locations, transects, important features, etc. 

wit hin a Wetland? Yes No v Hydrophytlc Vegetation Present? Yes ~ No 

Hydric Soll Present? Yes No --:T 
Wetland Hydrology Present? Yes __ No _v;' __ 

Is tho Sampled Area 

Pc-narf.s tl y (~ IS ~ ~JYl ~ fitt1}1T,--I ~-,J-V(,_1 _l ('.-tf.,....,......~-vi-1_$_.H_l'f-~-f,,-r-/l. _____________ ___, 

\ V\.r J' (c,...\ i .t S: {c. / c;>..' .;-J' :S - v .~.( 1- : r• 

VEGETATION - Use scientific names of plants . I 

?O ."£ Absolute Dominant Indicator Dominance Test wOl'ksheet 
Tr!l!l S!ri!!Um (Plot size: ) '1 QQver S12!1£1es? s 1;uus Number of Dominant Species 
1 - -- That Are OBL. FACW. O< FAC 

I 2. (excluding FAC-)· (A) ---
3 --- --- Total Number ol Dominant 

I 4. Species Across All Strata (B) ---
1s 'v --- =Total Cover Percent of Dominant Species 

I Si!12hng/Sh rutJ S!rsi1um (Plot size· ) That Are OBL, FACW. or FAC (A/B) 
1. A v.+-f M1 SI ti\ -rv1 ti r ;-; t ~ l I 'l _r_ NO 1.1 ~I-
2. Prevalence Index worksheet: 

---
3 Total % !:;;over of MulliQ~bic:. 

---
4. OBL species x 1 = 

--- F ACW species x 2" 5. --- '1, 0 CID 
=Total Cover 

FAC species x3= 
S V I ---!j!:!rb Stratum (Plot size: ) FACU species x 4 = 

1. Doi~ ICl::l l'YI V1~<ll 1AVY! -2.Q_ ~~s E~~ UPL spec1es x 5= 

2. l r~·ln~a. Pt~:U' nS' 1~ ., NO P/\t1ll Column Totals: 30 (A) go (B) 

3. 6ki~dc lir1 sqtdia rca.<;D I NO m- 3 Op /t i YI I 1.11 [ .1(}/ v ( I c a rn YI {.(... _:c__ N O lA Prevalence Index • BIA = 
4. 

Hydrophylic Vegetation Indicators: -
5. I] y 1(1111 ~. 1,.l f tl) , C I I ~D i::,AtV1 --- _ 1 ·Rapid Test for Hydrophytic Vegetation 6. - - - V2 ·Dominance Test ls >50% 7. --- --- V3 - Prevalence Index ls S3.0' 8. ---- --- _ 4 - Morphological Adaptations' (Provide supporting 
9. --- data In Remarlts or on a separate sheet) 
10. --- _ Problematic Hydrophytic Vegetation' (Explain) 

3 0 ,. Total Cover 
w222ic: Vim~ S!ra!ym (Plot size: \ ' Indicators of hydric soil and wetland hydrology must 

1 be presenl . unless disturbed or problematic 
--- ---

2 Hydrophyttc - --
=Total Cover Vegetation 

Yes_:L.._ % Bare Ground In Herb Stratum --- Present? No - -
Remarks v" ('J-'' ~ ( \ -11 c).'"\ (v~ Q_<)j J 0( •) ( \,\ '~"' (~ 

. 
' 1"...., ·1 I 

\ 
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SOIL Samp 1ng Po1rt 5 P b -2. 
Profile 6oscrip11on: (Doscribo to tho depth needed 10 ciocumon1 tho Indicator or conf irm tho absence of Indicat ors.) 

Depth Mairix !3i:!lox Fei!]ures 
(inches) coior Cm0<su_ ~ (;; olor !!IIQ l ~l} _o_,\_ ~ _l.Q(_ Texture Remark~ 

l· It '/ r 11/ ).... - - - -- S I I It IC it'(! 1£XIYYl ·, --- --- --- --- . 
--- --- --- ---

!r/0 IO:tl?. SL'- - -- - - -- -- S 11.ri@_y I w1 m 
' --- --- --- --- -- -

--- --- --- ---
1 0 - \ ~ IOY~ S /?.. _j[)_ - -- - ii lyr /(I' { l ll/'i; l - -- --- ---

1ot1z. COi i _2Q__ -- - ~;f!·I ((H'1 (..I tl l-Y/l/16 Vl.$ --- --- ---
--- --- --- ---
--- --- --- ---

' Tvoe C~Concentratton . D=Dopletion. RM=Reduced Malflx. CS=Covered or Coated Sand Grains 1Locat1on. PL=Pore Lining. M-Malnx 
Hydrlc Soll Indicators: (Applicable to all LRRs, unless otherwise noted.) Indicators for Problematic Hydr lc Solls1

: 

_ Histosol (1'11) _ Sanely Gleyed Matnx (54) - 1 cm Muck (A9) (LRR I, J ) 

_ H1sl1c Ep1pedon (A2) _ Sandy Redox (SS) _ Coos! Prairie Redox (A 16) (LRR F, G, H) 
_ Black Hlslic (A3) _ Stripped Matrix (SS) _ Uark Surface (S7) (LRR G) 
__ Hydrogen Sulfiae (A4) - Loamy Mucky Mineral (F 1) - High Plains Depressions (F 16) 

_ Strattfied Layers (AS) (LRR F) - Loamy Gleyed Malrix (F2) (LRR H outs ide of MLRA 72 & 73) 

_ 1 cm Muck (A9) (LRR F, G, H) - DeplettJd Matrix (F3) _ Reauced Vertie (F 18) 

_ Depleted Below Dark Surlace (A 11) - Redox Dark Surface (F6) _ Red Parent Material (TF2) 

_ r hlCk Dark Surface (A 12) - Depleted Dark Surface (F7) _ Very Shallow Dark Surface (TF12) 

_ Sandy Mucky Mineral (St) - Redox Depressions (F8) _ Other ([xplain in Remarks) 

_ 2 5 cm Mucky Peat or Peat (S2} (LRR G, H) _ High Plains Depressions (F 16) 3lncl1cators of hydrophyt1c vegetation and 
_ S cm Mucky Peal or Peat (S3) (LRR F) (MLRA 72 & 73 of LRR H) wetland hydrology must be prcscnl , 

unless disturbed or problematic 

Restrictive Layer (If prosont): 

Type. 

/ Depth (inches) Hydrlc Soll Present? Yos No --
Remarks ,,,. I I ,q, 'rt/' c.;, \_s - \ . ~ . 1\ ... ' I •\ , , ' .. - (.. \ 

' " - I 

- - ---- --- -- r1->1o1] 1 
HYDROLOGY 

p 
Wetland Hydrology Indicators: 

Pnnia[J: lndi£:!!lQr~ {m1n1mur!J of Qn!: r~IJlff1Q · cl'!:l;k flll lh~ I PQl21Yl SflCOOd~!Y IQdicator~ (m1nt!JlY!ll 12! 1YiQ regulri;s!l 

_ Surface Water (A 1) _ Salt Crusl (Bl 1) _ Surface Soil Cracks (86) 

_ High Water Table (A2) _ AQualtc Invertebrates (B 13) _ Sparsely Vegetated Concave Surface (BS) 
_ Saturation (A3) _ Hydrogen Sulfide Odor (C1) _ Drainage Paherns (B10) 
_ Water Mark.s (B 1) _ Dry-Season Waler Table (C2) _ Ox1d1zed Rhizospheres on Living Roots (C3) 
_ Se<11men1 Deposits (B2) _ Ox1dl11Jd Rh1zospheres on Living Roo1s (CJ) (whero tilled) 
_ Drift Deposits (03) (where not tllled) __ Crayfish Burrows (CS) 

_ Algal Mat or Crust (84) _ Presence of Reduced Iron (C4) _ Saturation Visible on Aerial Imagery (C9) 
_ Iron Deposits (BS) _ Thin Muck Surface (C7) _ Geomorph1c Position (02) 

_ lnundauon Vis ble on Aerial Imagery (97) _ Other (l:.xpta1n In Remarks) _ FAG-Neutral Test (D5) 
_ Water-Stained Leaves (99) _ Frost. Heave Hummocks (07) (LRR F) 

Fiotd Obsorvalions: 

Surface Water Present? Yes -- No If Deptn (inches). 

Water Table Present? Yes -- No~ Depth (inches): 

Saturahon Present? Yes - - No Deplh (inches)' - Wetland Hydrology Present? Yes No.L_ 
(Includes cao1llarv l11noe> ---
Describe Recorded Data (stream gauge. monitoring well. aerial photos. previous inspections). if available 

Rem.irks t-.\0 (J OSI \\"1< ~1Lfl vt I r;tj ~ I~ t t i I { tl 1 0 I- _:: 

US Army Corps of Engineers Great Plains - Version 2 O 



WETLAND DETERMINATION DATA FORM- Great Plains Region 

ProjecVSite· ".. ( 1(1(.{l,!I / 1J" r 1 ~f'•,, City/County. 1<j!01N~\V\ti.e,CO, SarnplingDate 10/ ~ 112. 
AppllcanVOwner· {11111, ii 1-,.illl// 1

." State· MT Sampling Point _.'_5_G.1_Wl f ) 
tnvestigator(s). t...\)11 \ 1 11" 1 ~ } j :.: J ~,C v11n section. Township. Range. r, zr~ 11 ~ . P'ltJE:. 
Landform (h1llslope. teirace. etc): SW~ I C Local relief (concave. convex. none) ('p '(I c.'Ci Vt;/ Slope(%) '7 

Subregion(LRR): (--/ - \ /( "' \ r 1 1 I (Jy t .i I I 1~·lt.1;;. Lat ~5 1/)lj) Long: - \0~ tj?;ic:J Datum w6:-.\ 13Z~ 
Soil Map Unit Name: I \ l L. I S VI I f1 S I' I(' ' .I NWt ctass1ficat1on: p F:. M - \ 

Ale climatic I hydrolog1c conditions on !he site typical for this time of year? Yes~ No __ (If no. explain In Remarks ) , 

Are Vegetation __ti_. Soil _1_ 1 _. or Hydrology -1:1_ significantly disturbed? Are "Normal Circumstances" present? Yes ~ No __ 

ATe Vegetation~. Soil _tl_. or Hydrology _N_ naturally problematic? (If needed, explain any answers In Remarks.) 

SUMMARY OF FINDINGS - Attach site map showing sampling point locations, transects , important features, etc . 

Hydrophytic Vegetation Present? Yes ./ No 

Yes_1__ 
-- Is the Samplod Area / 

Hydrlc Soil Present? No -- w ithin a Wetland? Yes L/ No 
Wetland Hydrology Present? Yes->L_ No - -- -----
11emar,::.. U11 e St>C\soVl 11'\ vrs \ v.1 c'11 r v1 , ~ iq.-H·vl N} y 1 ivr1~ pv !'Sfnt-v' s f v1n0. 

A ·1-eo._ ~~\ l V\(\l <0-h.Y...s (CY ('.~ \ \ > \. V\t'( ~· JO\.. . 
VEGETATION - Use scientific names of plants . 

Absolute Dominant Indicator Dominance Test worksheet: 
Ir!i!!!~lri!!!.!m (Plot size: ) ~ ~QV~r S~c1es? S!i!IU~ Number of Dominant Species 
1. --- --- That Are OBL, FACW. or FAC 

~ 2 (excluding FAC-)" (A) 
---

3. - -- Total Number of Dominant 
.3 4. Species Across All Strata: (B) --- ---

--- = Total Cover Percent of Dominant Species 
Sa11ling/Shrub StratlJm (Plot size: I That Are OBL. FACW. or FAC: ¢ (A/B) 
1. 'S !.J~I jJ~!'y \{(\'1 \J(~ (1 !\.tlS ~-¥a-~ 
2 l ' c.Y I _ r _ IO ..lAEk_ Prevalence Index worksheet: 

3 TQ!al % CQver Qf Multiply by: 
--- --- OBL species v )( 1 = 

4 --- --- FACW species 
, .. 

x2• 5. " --- FAC species <;i x3= 
--- = Total Cover 

!JO [ l lt:C Herb Stratum (Plot size: ) FACU species )I 4 = 

1 (ft tfX d f \IV (( t i r"lf1 '?_C / ~es ~ UPL species 2'l.'6 x5= ll Q 
2. ( VI r/. l (J'~ l ,.' I _2:.P~ Ujf.S ~ Column Totals: lo'2. /. (A) 1-]Q (B) 

3 I 1'1YHI I.\ v I Vf I 1.:. )0'1 ~- -™ i::f,35 
4 '11 l'itlt~tJO ('Ct 11nrlf'fl ... 1 ~ · ...:c_ ~Q ~ 

Prevalence Index = BIA= 
---

5 
Hydrophytlc Vegetation Indicators: 

--- --- _ 1 · Rapid Test for Hydrophytic Vegetation 
6. --- - - - 2 ·Dominance Test is >50% 
7. -
8. - 3 • Prevalence Index is sJ.O' 

- -- --- _ 4 · Morphological Adaptations ' (Provide supporting 
9 --- ~ data In Remarks or on a separate sheet) 
10 

!o 0/ =Total Cove-,--
_ Problematic Hydrophytic Vegetation' (Explain) 

WoQ~Y Vine Stra1um (Plot size: ) ' Indicators of hydrlc soll and wetland hydrology must 

1 be pres~nt , unless disturbed or problematic. 
---

2 Hydrophytlc --- ---
L-\ 0 ·; = Total Cover Vegetation 

Yes~ % Bare Ground in Herb Stratum --- Present? No --
Remarks: 

Pr .·\,.;'(~v1 ... ,1-1 r vrr .. , \,..·\ \lll' cloiA lV\M\:t -rAc.. - VPJ'l- to...-/ l Ov"\ 1.) v\O-\-

CY 1tJ! Hf' v . I \o . >< ... ( .J. \J l ('J\ 1•(('. o\ ll\..ljv1C ~o,\s .0- 'Ve.:tlo.-r.J L ~cl volcJj 
IV' r 
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SOIL Sampling Po1nl. _3 _ _ _ _ 
-

Profi le Description: (Dcscribo to tho depth noodod to document tho Indicator or confirm the absence ot indicators.) 

Deplh Matrix 'ledox Fealures 
(1n!;hcS) (;;QIQr (moist} % Color {moisll -·-~- ...hl.1L -1.Q.L rex1ur~ Remarks 

0- L 7h\t 41 I 'JD 1 - ·1v I/ I f. ~~_t1_ Sf)nd~ rl -.,L 1ovi Y11 J\ 11'1 VI I'/ ( OHl~·if l"tj 
• I - 11(, 1 1 '? ~ ~II_ ~ 1_ l 5\1 ~ '=1/fJ ".} _k_ __!:1 ~>1 , rly rlfty l o(,tm 1t1ci vi 1~ ro t!·11 :1< 'Ill r 

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

1
Tvoe C:Concenlration, D~Deo1e1son . RM=Reduced Ma111x. CS=Covered or Coated Sand Grains 2Location: PL;Pore L1n111Q, M=Malnx 

Hydrlc Soll Indicators : (Applicable to all LRRs, unless otherwise noted.) lndlcato~ for Problomatlc Hydrlc Solis': 

_ llistosol (A l ) _ Sandy Gleyed Matrix ($4) _ 1 cm Muck (A9) (LRR I, J) 

_ H1stic Eplpedon (/\2) _ Sandy Redox (SS) _ Coast Prairie Redox (A16) (LRR F, G, H) 
_ Olack His11c (A3) _ Stripped Matrix (S6) _ Dark Surface (S7) (LRR G) 

_ Hydrogen Sulfide (A4) _ Loamy Mucky Mineral (F l ) _ High Plains Depressions (F16) 

_ Stratified Layers (AS) (LRR F) =/coamy Gleyed Malrix (F2) (LRR H outside of MLRA 72 & 73) 

- 1 cm Muck {A9) (LRR F, G, H) Depleted Matrix (F3) _ Reduced Vertie (F1 8) 
_ Depleted Below Dark Surface (A 11) _ Redox Dark Surface (F6) _ Reo Parent Malerial (TF2) 
_ Th1Ck Dark Surface (A12) _ Depleted Dark Surface (F7) _ Very Shallow Dark Surface ( rF- 12) 
_ Sandy Mucky Mineral (S1) _ Redox Depressions (FB) _ Olher (Explain in Remarks) 

- 2 5 cm Mucky Peal or Peat (S2) (LRR G. H) _ High Plains Depressions (F16) l lnd1cators of hydrophytlc vegetahon and 
_ 5 cm Mucky Peal or Peat (S3) (LRR F) (MLRA 72 & 73 of LRR H) wetland hydrology must be presen1. 

unless d1stUfbed or problematic. 

Restrlctlvo Layer (If present): 

Type 

/ Depth (Inches) : Hydrlc Soll Prosont? Vos No --- - --
Remarks 01\.s \ '\l 1 I ,, '·, . \ I • \ I;\ ~ 1Y ... \ r ,-, TtJ ........ _J vt\(C"i"- ' ' I 

-· I ' 
I r • 

kY'l<~I u .ll -1 - - -
HYDROLOGY 

Wetland Hydrology Indicators: 

Er!m.i!!Y lndii.;g1grs (minimum QI Q!l!: r~i.ilr~· !<hi:i;~ j!ll 1ha! :imt:r:' ~ei;;QnQi!Oi'. IDQi!;il!Ors (minimum Qf ~ r~gulr !:Q l 

- Surface water (A 1) _ Sall Crust (0 11) Ji( Surface Soll Craci\s (86) 
_ High Water Table (A2) _ Aquatic Invertebrates (8 13) _ Sparsely Vegelateo Concave Surface (BB) 
_ Sa1urat1on (A3) _ Hydrogen Sulfide Odor (C 1) _ Drainage Patlerns (B 10) 
_ Water Marks (61) _ Ory-Season Water Table (C2) _ Oxidized Rhizospheres on L111mg Roots (C3) 
_ Sediment Oepos11s (92) _ Oxidized Rhllospheres on Living Roots (C3) (where t illed) 
_ Dri'1 Deposits (63) (whoro not tillod) _ Crayfish Burrows (C8) 

_ Algal Mal or Crust (B4) _ Presence of Reduced Iron (C4) _ Saluralion Visible on Aerial Imagery (C9) 
_ Iron Deposits (BS) _ Thin Muck Surface (C7) J,L"Geomorphic Position (0 2) 

_ 1nunoa11on Visible on Aenal Imagery (0 7) _ Other (Explain in Remarks) _ FAC-Neutral Test (05) 
_ Waler-Stained Leaves (B9) _ Frosl -Hcave Hummocks (D7) (LRR F) 

Fklld Observations: 

Surface Water Present? Yes -- No ._/ Depth (inches) 

Warer Table Present? Yes -- No7 Depth (inches) 

Sa1ura11on Present? Yes __ No _L_ Depth (inches) 
C1ncludes caoillarv frinoel 

Wetland Hydrology Present? Yes _L_ No ---
Describe Recorded Data (stream gauge, rnor111orony v1Cll . aerial pho1os previous inspections). 11 available 

I;,.,., .. ,\.~ -
r- .? ) II t tl\ c\ 1 (~(::_} . ' ,'~--7 I (i V\J I \t 1.' ' 'Dla) 1 .) ( 1:-r.2 , \( 0 --r.r 

I • __.., ,) 

US Army Corps or Engineers Great Plains - Version 2.0 



Appendix C - Wetland Delineation Maps 
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Appendix D - Site Photos 



Photo 3. Wetland 1, unvegetated depression ringed by rwoscale saltbush and rough 
cocklebur, in north portion of the site (October 8. 2012) 

Photo 4. Wetland 1, southwest portion of wetland with Schoenoplectus spp. and 
common spikerush (October 8, 2012) 



Photo 5. Wetland 2, looking south from north berm (October 8, 2012). Photo 6. Wet land 2, road berm on north side of wetland and high- flow 
culvert (October 8, 2012) 

r-~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~-r-~-. ~IClllairo"."T'".,,...""",.,.-......,,.--__,,.....,. ...... 

Photo 7. Wetland 3, looking north from south port ion of wet land (October 9, 
2012) 

Photo 8. Wet land 2b, dominated by narrowleaf catta il and common spikerush 
(October 8, 2012). Numerous other minor wetlands along Stream 1 had 
s1m1lar vegetation communities. 



Photo 9. Wetland 5, looking east. Wetland is dominated by narrowleaf cattail 
(October 9, 2012). 

Photo 11. Stream 1, typical bed and bank conditions in the south portion of 
the project site (October 8, 2012). 

Photo 10. Wetland 6, looking east. Wetland is dominated by saltmarsh club­
rush. (October 8, 2012) 

Photo U . Stream 1, culvert outlet at Blue Creek Road, where Stream 1 
discharges to Blue Creek (October 9, 2012). 



Photo 13. Drainage 7 East, looking downstream. Stream channel condit ions 
were typical of other seasonal drainages inventoried in the project area 
(October 9, 2012). 

Photo 14. Drainage 2 West looking downstream {October 9. 2012). 
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To: 
Will Robbins. Staff Engineer 
Vester Wilson, Solid Waste Superintendent 

From: Great West Engineering I HOR 
Technical 

Traffic and Roadway Alternatives 
Memorandum: 

Date: Job No.: 
W.O. 12-29 - City of Billings Solid 
Waste Management Plan 

BACKGROUND 

The team or Great \Nest Engineering and HOR Engineering has been hired by the City of Billings to 
prepare a Solid Waste Management Plan. The scope of the project includes an e\'aluation or future 
bndnll expansion alternatives ro provide disposal capacity for the City once the existing landfiU has 
reached capacity. The City mvns approximately 350 acres adjacent to the existing landfill which appears 
suitable for licensing of a landfi ll expansion. Two primary Land rill expansion alternatives were evaluated 
as defined below and discussed in detail in a separate document. 

Landfill Alternative 1 

Stand Alone Facility is designed to place a new landrill separate from the existing landfill across 
Hillcrest Road. This facility will tand alone from the existing landfill. The foot print is situated in a 
manner that maximizes space while allowing for set -back from the property lines. and ro direct the 
stormwater run-on around the landfill to the northwest via a drainage ditch. 

Landfill Alternative 2 

Overlap Facility is designed to overlap onto the existing landfill and remove Hillcrest Road. This 
alternative capitalizes on the airspace gained with the overlap of the cx i ting fill which will allow more 
capacity in the early Life of this alternative. The foot print is also situated in a manner that maximizes 
space while allowing for set -back from the property lines. and to direct the stormwater run-on around 
the landfill to the southeast via a large drainage ditch. 

PURPOSE OF TECHNICAL MEMORANDUM 

The purpose of the Traffic and Roadways Alternatives E\'aluation is to identify critical issue that may 
inOuence rhe selection of landfill expansion alternatives and to identify routes that may be utili=ed to 

access the expansion. This memorandum also provides a preliminary comparati \'C ranking between 
roadway alternat ives which is provided to help assist the Ciry in scJection of the preferred alternative. 
This memorandum is intended to be a high level rc\'iew of the routes. but is nor to be construed a a 
detailed Corridor Study. Once the City has selected a preferred landfill expansion and roadway 
alternative the engineer is contracted in another task to prepare documents for licen ing of the 
expansion. This will include a deraikd Traffic Impact Study which will support the environmental 
documentation wh ich will be submitted to the t\ lontana DEQ. Eventually this documentation will be 
included in the State's environmental review of the liccn~ing documentation and available for public 
review. 

Traffic and Roadway Alternatives I Draft Technical Memorandum 
G:\WUT\SWSIEAs\sw-ea\2015\City of Bllllngslappllcation\Trafflc\Rev1sed Technical Memo-Traffic & Roadway doc 
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EXISTING TRAFFIC DATA 

G re.it \ Ve t Engtneering conducted a prdimin.11)' traffic re,·ie\\" 0f the area around the Bill.mg Lrncl fiU to 
determine poten tial impactc; associated " ·it h modifying or changing the primal)' mute tn the landfill . 
Thi r., Lcchn1ca l memorandum doc1. not replace a Traffi c Im pact St.ttemem . buL ll i. adequate ro identify 
criucal issue th.it should be con!-> id t.: red in alternat ive rnutc select inn. 

The exist ing primary route for ,·chic les arriving at the landfill is to rr.i,·e l souLh on 131ue C reek Road rhen 
tu rn wcsL onto Jellison Road. The righ t turn mo\'emcnr ar this intersec tion utili =cs a dcd ic,1ted right 
Lu rn lane. The Lmd fi ll entr.mcc is located .tpproximarcl y 0.7 mUcs alnng.Jclli on Ro.id ro the south 

,\ count was cond ucted at th t.: imcrscction of Blue C reek Rnad and Jell ison Road on \ Vednesday 
morning. 10117/2012 from 7:30 ~•m to 9·30 am. Counting times \\'ere selected ba eel on t raffic countr., 
conducted by the City of Billing'> anc.I arc inrendcd ro pick up the highc t im pact LO t he intersection. 
Cnums completed by the City of Bi ll ings will be includt:d in the Traffic lmp.ic t Srndy. 

The reak hour of t raff 1c \\'ithin this counr I'> from 7. 30 .1m rn 8 30 am. The inter<,cc t1on is un 1gnali=ed 
,incl h,is one swr r.,ign on Jcl hr.,on Rn.id . .J cl hsnn docs nor h.m: .in ca ... rhound aprro.ich rc-.ult ing in .1 "I 
1 ntcr<,t:cl inn. 

T.1hlc I i. ada pted from the High\\'ay Capacity ~ lanu:.i l to ic.lcnti fy the Lc,·cl of Scr\' icc b.iscd nn cont rol 
<lcl.1y for un<>ip;nali=cd intersections. 

Table 1: Level of Service Criteria for Unslgnallzed Intersections 

Level of Service 

A 
B 
c 
D 
E 
F 

Control Delay per Vehicle 
(seconds per vehicle) 

s 10 
> 10 s 15 
> 15 s 25 
> 25 s 35 
> 35 s 50 

> 50 

~nuru: /1 1,-.:lr1H1,1 Ct1/XKll.v i\lct•111al (llC.\I 2(lllt1) 

Traffic and Roadway Alternatives I Draft Technical Memorandum 

Impact on Minor Street Traffic 

Little or no delay 
Short traffic delays 

Average traffic delays 
Long traffic delays 

Very long traffic delays 
Unacce table traffic dela s 

Page 2 of 8 
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eng1neenng 

Presenred in Table 2 is the Level of Service dara for the inter ection of Rlue Creek Road and Jellison 
Road. McTrans HCS• was u cd for the analysi . 

Table 2: AM Peak Levels of Service: Unslgnalized Intersections 

Intersection I PM PEAK LOS 
(Major/Minor) EB_I_ WB I NB I SB 

Ex. .. Ex. I .. I Ex. I .. 
I Ex . .. 

Blue Creek Rd. 

I I I l (N-S) & 
B 8 - - A A A A Jellison Road 

~'{'/) _, I I 
I 

I -r ' 
. 

i Control Delay I (sec) 11 .5 14.6 - - 7.5 7.5 

Rest1l1a111 LOS 1111hour rhr clccl1rnrccl R1glu Tum Lane 

•• 

As identified above. the ea tbounc.l movement operates at a Le,·el of Service B. but i close to operating at 
LOS A. Directing land.fiU traffic from JeUison to Hillcrest or Collier i not anticipated ro signi fica ncly 
impact these inter ection . but will be further eva luated with the Traffic Impact Study. 

The Billings Landfill coUects vehicle data :it the scale site yea r round. A ummary of the date is shown in 
Table 3. The data used in the LOS anaJysi showed southbound right turn at 54 "Ph (0.67 peak hour 
factor) and eastbound left turns at 79 vph (0.76 peak hour factor). The unadju ted 20 11 peak hour 
volume at the landfiU during the fall i 80 vph and 147 vph in the spring. A correlat ion with landfill/non 
landfill traffic will be created with the Traffic Impact Study. The average day vehicle counts arc accurate, 
however some of the vehicle were not cla sificd as residential or commercial. 

Traffic and Roadway Alternatives I Draft Technical Memorandum 
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Table 3 
Landfill Traffic Summa 

Residential Commercial Residential Commercial 
201'1 Da Hour Hour Hour Da Da 

Avera e vehicles/ ear 395 44 31 11 280 99 

Avera e vehicles/summer 500 56 39 14 355 125 
Avera e vehicles/s nn 440 49 35 12 312 110 
Avera e vehicles/fall 354 39 28 10 251 88 
Avera e vehicles/winter 266 30 21 7 189 67 
Average vehicles/winter 
s rin fall 358 40 28 10 254 89 

Residential Commercial Residential Commercial 
2011 Da Hour Hour Hour Da Da 

Max vehicles/ ear 1,057 147 104 37 750 264 

Max vehicles/summer 733 102 72 25 520 183 
Max vehicles/s nn 1,057 147 104 37 750 264 
Max vehicles/fall 574 80 57 20 408 144 
Max vehicles/winter 551 77 54 19 391 138 
Max vehicles/winter spring 
fall 1,057 147 104 37 750 264 

The \ lonrana Dcpart mrn t of T r.tn '>port..it inn m,ti mains yearly cou nr d.tta on Blue Cn:ck Road a ncl i<; 
surnmari=ed bclo\\'. 

Loution: 
Site I[ . 56 4.·\ 
Dept. Rome 
C1)rriJN 
O\\'ncr: \ I nT 
Cl)LI nry· 
:\t\ nT 2009 
A.-\DT 2010. 
,\ ,.\DT 20 11 : 

S. Bi ll ings Rh! (Blue Creek Ro.id). ;"\ of Ycllo,,·.., t11nc R,· Bridge 
188 
L l "lB 
CCl0('14 l6 

Ycllm,·<.wne 
9650 {htimatcd) 
9700 (Acrual) 
9660 ( E.i, t i m.tt cc.I) 

Locat ion: S-416 (11 luc Creek Road). RP 2. 1.5 mi SE of Yell ostone lh Bridge 
Site II) · 56 -4-1\) 
llcrt. Route S -I 16 
C orric.lor: COO('l..J 16 
(),,·ncr \ IDT 
C ou n ry-
A:\ DT 2L"'l09: 
;\ .\['ff 201 ()· 
1\ :\nT 20 11 · 

Ycl ln\\'<,tonc 
-1 20 I (:\c t u.tl ) 
419('1 ( [ s t1 111 .1 tcd) 
-1 850 (:\ ctu.d) 
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eng1necnng 

Changing the primary approach to the landfill is expected to occur within the bounds of the two traffic 
counts shown above. o change of data is expected until service a reas arc expanded. Traffic and crash 
data w ill be obtained from MDT during the Traffic Impact Study. 

OVERVIEW OF ALTERNATE ROUTES 

Field and topographical map reconnaissance were conducted to determine potential alternate routes to 
accommodate expansion of the landfill south across Hillc rest Road while still providing acceptable levels 
of service. HiUcrest is a collector County road that serves residential and ranching properties to the 
south of Blue Creek Road. An electrical subs tation, overhead power, buried telephone lines. gas mains. 
and a commercial property are located along Hillcrest Road. Existing curve data and the roadway 
func tion were used to determine a design speed of 45 mph. This design speed is used for all roadway 
alternatives. 

Roadway Alternative 1 

Reconst111ction of H ii/crest Road 
Refer to the attached plan sheets for an overview of this alternative: I (Key Map). 2 (Plan&: Profile of 
Hillcrest). 3 (Blue Creek Road Intersection and Substation). and 7 (Typical Section Details). This 
roadway alternative is not compatible with the Landfill Overlap Alternative. 

This alternative w ill maintain the existing horizontal alignment. but w ill improve the typical section to 
include two foot shoulders as well as improving the cut/fUl slopes to 'meet exist ing County Road 
standards. The inter cction of Hillcres t and Blue Creek Road docs not provide adequate grades or sight 
distances. This alternative includes the construction of an approach landing along Hillcrest Road m 
meet IDT standards resulting in an approximate ten foot cut adjacent to the sub ration. This cut 
creates the need for a retaining wall separating the lowered Hillcre t Road from the substation to 
minimize impacts. Utility relocat ion \vill be required. 

The alternative includes reconstruction of approximately 1100 feet of Blue Creek Road to improve the 
intersection sight distance to meet minimum MDT requirements. 

The right turn lane found at the inter cction of Blue Creek and J ellison docs not appear to be warranted 
based on traffic count data alone, but i likely there due to accident d ata. During the field 
reconnaissance. a crash occurred that was caused by a north turning vehicle on J ellison unable to sec 
north on Blue Creek due to the presence of a large commerc ial vehicle. This Technical Memorandum 
includes the add it ion of a dedicated right turn lane from Blue C reek Road to Hillcrest Road. 

If landfill roads arc required for crossing the reconst ructed Hillc rest. they should be located where there 
is adequate sight disrance. A two way stop controlled inter cction should be appropriate based on the 
estimated traffic counts. 

The estimated cost of this alternative is $5.3 million. Property acquis ition will be requ ired on the eastern 
e nd of HiUc rcst o n the north s ide of the road. 

Traffic and Roadway Alternatives I Draft Technical Memorandum 
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Roadway Alternative 2 

Ro 011cc of /-111/m.:sc RoaJ 
Ref er to the atrac hed pbn .,heets f nr an O\'Cr\'ic,,· of this .tlternar i\·e. I ( 1-:ey \ lap). 4 (PLin& Profile of 
Rerouted Hillcrest Road). 5 (Blue Creek Road Intersec tion) .• ind 7 (Typical Section Details). Thi <; 
ro.1dwJy Jltern.1ti,·e is comp.Hi hie \\'iLh Lhe Lrndfill o,·erl.tp altcrnaLi ,·e .rnd Lhe landfi ll standa lone 
alternati,·e. 

H illc n.:st Road \\'i ll he rerouted .tl nng Lhe perimeter of the propnsccJ expansion. Thi ~ reroute will nl.'ed tn 
ero<,<, an existing clrain.1ge. Tlw prnpl1<-ed l.tncffill expansion \\'i ll incl ude n.: rnuLing the clra1n,1ge for 
.'>rortm\':tter run -on control. Cnder the Landfill cwerl.1p al tcrn.tt i\'e the dr.1in .1ge di tch \\'ill be const ructed 
tn the south and ca t of rht' IJnc.Iril l foot print. Should this altcrnaLi \'c he <,c k cted fnr ack111cernent. the 
dra inage d itch ,incl rn.1d,,·,1y Lk..., ign c.in be combined to reduce Lhe n,·l.'rall exc.1,·arinn .ind ub'>equcntly 
co ts 

l ltl lcre t can be maintained ,1<, .1 l.1ndfill rnad a<, appropriatc unt il t he l.1ndfill c>q)Jn inn \\' ill no longl.'r 
:tl low. r\ t this time. the a<,phalt can he milled to impro'-c: internal bndfi ll ro.1d c; a'i the 0pporruniry .irises. 

Rerouting H illcre<, t will .tckl .tpprnxim.ircly 0 75 mile of ro.tcl\\':I}'. c.1u<,1ng .1 delay of cmcrgency <,erd ces 
of .tpprnximatcly nne minuLe Lll llxatinn.., :i lnng Stratton RC1ad .111d on Hil lcn.''>t Rna<l '>OLlt h of thi <; new 
i ntcr<,ect ion 

The rel11cat inn of Hil lc rc:-L ,,·ill ,tl <.n requi re mnc.lifying the exisLing inter..,ccrion .tr Rluc Creek Road This 
m\1Ji fication increase.-, the di.'>L:tnce ,1,"1i l.1bl e for :i right turn bne, pro\'1de<, access to the <;ub!->ratinn. and 
1 m pro,·c~ the sight disrnncl' on Blue Creek Road. See sheet 5 for mnre information. ~v1 inor uti lity 
relocation may he required \\' ith thi. alternati \'e . 

.-\n ortion for t h ts rnu te i. tn maim.tin Hillcrc t as the thru road ,me.I tee Stratton in to Hillcre'>L Sighr 
dist.incc rnnccrn'> \\'il l he c' .du.ired and the option will be further explored in the cb ign pha e if thi <> 
,1lternJti,·c i<; selected. 

The esLima ted co<,t of th1!', .1lrcrn.1L1 \·e i.., S7.5 mill ion . Property .tequi'>ition \\' ill he required ncJ r rhe ne,, · 
1mer<-l'ct inn \\'i rh 11lue Creek Rn.id 

Roadway Alternative 3 

/~m1111c: of H illcrcsc to C11/1cr /~ t>ad 
Refer to the att.Khccl pbn ~hccrs for .in over\'iew of this alternati,·e: I ( 1-:ey \ Lq1) , 6 (Plan & Profile of 
1'.xtensinn), and 7 (Typical Seclinn Detai ls). This al ternat ive i" comp:1tihlc " ·ith the l.anclfill O\'erlap 
:\ lternat i,·e and the L:indfi ll Stand .. tlone Altcrnat i,·e. 

Thi '> ro.td,,·ay .ilrernati ,·e rcrnu LC'> Hil lc rc'>L Road from the intersect11111 nf SLr.u tnn RDad rn Collier Road. 
and Ll1cn rewn tru b Collier tn mecL current Cnumy Road t.rnd.m lc., Thi .i lt crn .n i,·c 111,1inuin the 
ex1<, t1 ng Blue Creck 1 Hil lcri.:~ l 1mer'>cc L1 nn for .icces. to ex t Ling pri\".He .1prriuchc.., on the e.1-;t end nf 
Htllcre t \\'h ilc hdung Lhe renu1ning Lr.tffic LO Coll1cr Road. Tim .iltern.im -c \\'d i n\1l c.q1iuli=c nn the 
'>tnl'lll\\«tter run nn d itch cnn'>Lruuinn L11 t he ex tent of Roacl\\'ay r\l tern,ni,·e 2 hu L t here \\'Ul be '>Omc 
red uction tn construCLinn co"t in the Lrnc.lftll Ove rl ap altern.1ti \'c hy cnNdin.1ring the de ign of the ro.1<l 
.111c.l run on c.lra i n:u~c cl iLch. 
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Thi reconstruction adds approx imately 1.5 miles to Stratton Road and the ourhcm reach of Hi!Jcre t 
Road causing a delay of emergency scr"icc of approximately two minute . but improves the northern 
reach of Collier Road. Thi improvement wiU result in a c;light improvement in re ponse time to 
re 1dent on Collier Road. A dedicated right turn lane i recommended from Blue Creek onto Collier. and 
sight distance appears to be ackquatc. Utility relocation may be required for roadway improvements. 

An option for this route is to maintain Hillcrest as the thru road and tee Collier into Hillcrest. This 
option will be further explored in the design phase if this alternati ve is elected. 

The estimated cost of this alternative is $7.0 million. Significant property acquisition will be required. 

SUMMARY 

The existing alignment along Blue Creek Road docs not provide adequate ight distance for vehicle on 
Hillcrest. but i adequate for veh icles on CoUic r Road. A dedicated right turn lane on Blue Creek i 
recommended for accident reduction. Two way stop control i likely adequate for landfill rraffic cro ing 
Hillcrest. 

Selection of the roadway alternative is ba cd not only on the construction cost . but on rraffic afety, 
emergency re ponse times, landfill benefit and public opin ion. Table 4 is an example matrix that could 
be u ed to select the roadway alternate in conjunction with landfill expansion. Capital costs arc ranked 
using a statistics-based formula. In this matrix, reconstruct ion of Hillcrc t is the highest scoring 
alternat ive. However. this alternative is not technically feasible shou ld the City elect Landfill Overlap 
Alternative. In addition. the City may weight and rank the e alternatives differently than shown in thi 
draft report. The City may al o have additional criteria in the selection of the preferred roadway 
alternative. Alternative election will ultimately be determined by the City of Billings. 

TABLE4 
CITY OF BILLINGS LANDFILL 

ROADWAY ALTERNATIVE SELECTION MATRIX 

CRITERIA -+ Capital Cost Safety Emergency Landfill Benefits 
Response 

WEIGHTING FACTOR -+ 
25 25 10 10 

ALTERNATIVE Score 
Wgt 

Score 
Wgt 

Score 
Wgt 

Score 
Wgt 

Score Score Score Score 
Alternative 1 

6.5 163 8 200 10 100 10 100 Reconstruct Hillcrest 
Alternative 2 

4.2 105 7 175 9 90 8 80 Perimeter Road 
Altemabve J 

JS 88 10 250 8 80 9 90 Collier Road 

Traffic and Roadway Alternatives I Draft Technical Memorandum 
G.1wvnsws1EAs\sw-ea\2015\C1ty of B1llingslapplica!X>n\Traffic\Revised Technical Memo-Traffic & Roadway doc 

Public ()ptnion Total 

10 

Score 
Wgt 

Score Score 

10 100 663 

8 80 530 

g 90 598 
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TABLE 5 
CITY OF BILLINGS LANDFILL 

ROADWAY ALTERNATIVE SELECTION MA TRIX #2 

Capital Cost Emergency 
CRITERIA -+ Response 

ALTERNATIVE Increase 

Alternative 1 
$5.3 M1ll1on No Change Reconstruct H1llcres1 

Al1emauve 2 
57.5 Mtllton 1 minute 

Penmeter Road 
Alternative 3 57 0 Mtlhon 2 minutes 
Collier Road 
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<}ualW~t~ 
2501 Belt View Dr. 
Helena, MT 59601 

406-449-86:!7 

Project Number: 1-12150 File Name : Not Named 10 
Serial Number: D4-4853 Site Code : 00000000 
Counted By: C. Laity Start Date : 10/17/2012 
Other Notes (Weather, Day of Week): Page No : 1 

Groups Printed· Passen er Vehicles· Trucks 
BLUE CREEK BLUE CREEK JELLISON l FrQm North From South From West 

Sla!l Tim~ Righi Thru Lefl I Peds.::::. App. TQtal Right I Thru Lett' p~~ I App. Tota~ Right Thru I Left Peds App Total In . Tota!J 
07 30AM 13 26 0 0 39 0 107 0 0 107 1 0 26 0 27 173 
07 4~AM 13 38 0 0 51 0 110 0 0 110 0 0 19 0 19 180 

Total 26 64 0 0 90 0 217 0 0 217 0 45 0 46 353 

0800AM 8 31 0 0 39 0 90 0 0 90 0 0 15 0 15 1 144 
0815AM 20 36 0 0 56 0 84 0 0 84 0 0 19 0 19 159 
08 30AM 21 25 0 0 46 0 64 0 0 64 0 0 22 0 22 132 
0845AM~ 13 22 0 0 35 Q 50 _ 1 _ 0 ~1 0 20 - 0 20 106 

To1al 62 11 4 0 0 176 1 0 288 1 0 289 0 0 76 0 76 I 541 

09.00AM 20 26 0 0 
46 1 

0 56 0 0 56 0 0 25 0 
25 1 

127 
09'15 AM 14 29 0 0 43 0 35 2 0 37 0 0 15 0 15 95 

Grand Total 122 233 0 0 355 0 596 3 0 599 1 0 161 0 162 1116 
Apprch 0.4 34 4 656 0 0 0 99 5 05 0 06 0 99 4 0 

T tal 0,4 10 9 ZQ.~ 0 0 31 ~ I Q 53 4 03 0 53 7 0 1 14.4 0 14 ~ 
Passenger Vehicles 77 221 0 0 298 0 572 1 0 573 1 0 124 0 125 996 

% Passenger Vehlcies 63 1 94 8 0 0 83 9 0 96 33 J 0 95 7 100 0 77 0 77 2 892 
Trucks I 45 12 0 0 57 j 0 24 2 0 26 0 0 37 0 37 120 

'Yo Trucks 36 9 52 0 0 16 1 0 4 66 7 0 4 3 0 0 23 0 228 10 8 



Project Number: 1-121 50 
Serial Number: 04-4853 
Counted By: C. Laity 
Other Notes (Weather, Day of Week): 

000 :;, 

.l: 

000 In 
'O 

" <>. 

Cfaeat iv e;J t &UJitU?RXiltg. 
2501 Belt View Dr. 
Helena. MT 59601 

-ll>()--1-19. ·.,~7 

BLUE 1,;REEK 
0"1 In Total 

696 °298 994 
61 57 118 
7~7 - 355" 11 ti 

77 221 0 0 
45. --1.L_Q_ 0 

122. 233 0 0 
R1gn1 Thru Lell Peas 

• -· 

Nonh 

1011712012 07 30 AM 
1011 712012 09 15 AM 

Passenger Veflldes 
11\LQ\i..__ 

Left Thru Rigni Peds 
11 512· o· o 
2. 24 0 0 
J •. ~w o _ o 

222 5fa' 795· 
12. . 26. ;Ill, n4 _ ~9~ a33 

Oul In To1a1 
1>1 11• ("CCC.I( 

0 
:;. 

000 

:; 
000 

0 

000 ~ 

-

File Name 
Site Code 
Start Date 
Page No 

: Not Named 10 
: 00000000 
: 10/17/2012 
: 2 



Project Number: 1-12150 
Serial Number: D4-4853 
Counted By: C. Laity 
Other Notes (Weather, Day of Week): 

<jJteat w~t &u;ineeWuJ 
2501 Belt View Dr. 
Helena. MT 59601 

406-449-8627 

I 
BLUE CREEK I BLUE-CREEK 

1--------+ ------...-'-F=rom Nort!J.__ From SouF"th'---~--
___ S=t=art"-n"-'-1m= e __ &ght Thru I LettL Peds_'._A~P~P·~T~o=ta~l f __ R~i~gh~t~_T~h~ru - Left Peds A . Tojal _ 

Peak Hour Analysis From 07:30 AM to 09 15 AM - Peak 1 of1 
Peak Hour for Entire Intersection Begins at 07:30 AM 

07·30AM 13 26 0 0 39 0 107 0 0 107 
07 45 AM 13 38 0 0 51 0 110 0 0 110 
0800AM 8 31 0 0 
08 15 AM 20 _ ~----..:.0 __ --'0=-----"""-+----"----=...c 

Total Volume 54 131 O O 

39 1 0 90 0 0 90 
56 0 84 0 0 84 

185 0 391 0 0 391 
% App Total 29 2 70 8 0 0 

____ ___,P--'-H=-F L _§f5 862 000 000~--~~-~~-
0 100 0 0 

826 000 _J!8~9 000 .000 889 ;. 

_Bight 

1 
0 
0 
0 
1 

1 2 
250 

JELLISON 
From West 

0 26 
0 19 
0 15 
0 19 
0 79 
0 98.8 

QOO .760 

File Name 
Site Code 
Start Date 
Page No 

0 
0 
0 
Q 
0 
0 

000--

: Not Named 10 
: 00000000 
: 10/1 7/2012 
: 3 

27 173 
19 180 
15 144 
19 159 
80 I 656 

.741 I 91 1 
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Peak Hour Data 
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Nonh 
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Two-W:.iy Stop Con1rol Pagi: I o f" I 

TWO-WAY STOP CONTROL SUMMARY 

General Information Site Information 
Analyst C. Lattv Intersection Blue Creek I Jellison 
Ao ency/Co. Junsdiction 
Date Performed 11111/2012 Analysis Year 2012 

Analysis Time Period 
7:30-8:30 10117-
Wednesdav 

Project Description 1-12150 
East/West Street: Jellison North/South Street: Blue Creek 
Intersection Orientation: North-South !Study Period hrs): 0.25 

!Vehicle Volumes and Adjustments 
Major Street Northbound Southbound 
Movement 1 2 3 4 5 6 

L T R L T R 
r-Jolume (veh/h) 0 391 131 54 
Peak-Hour Factor. PHF 1.00 0.89 1.00 1.00 0.86 0.68 

1Hour1y Flow Rate, HFR 0 439 0 0 151 79 
veh/h) 

P ercent Heavy Vehicles 0 - - 0 -- -
Median Type Two Way Left Tum Lane 

RT Channelized 0 1 

_an es 0 1 0 0 1 1 

Configuration LT T R 
Upstream Siana! 0 0 

Minor Street Eastbound Westbound 
Movement 7 8 9 10 11 12 

L T R L T R 
Volume (veh/h) 79 0 1 
Peak-Hour Factor. PHF 0.76 1.00 0.25 1.00 1.00 1.00 
Hourly Flow Rate, HFR 

103 0 4 0 0 0 
veh/h) 

Percent Heavy Vehicles 0 0 0 0 0 0 

Percent Grade(%) 0 0 

Flared Approach N N 

Storage 0 0 

RT Channelized 0 0 

... an es 0 1 0 0 0 0 
Configuration LTR 

Delay, Queue LenQth, and Level of Service 

Approach Northbound Southbound Westbound Eastbound 

Movement 1 4 7 8 9 10 11 12 

_ane Configuration LT LTR 

v (veh/h) 0 107 

C (m) (veh/h) 1442 657 

v/c 000 0.16 

95% queue length 0.00 058 

Control Delay (s/veh) 7.5 11.5 

~OS A B 
Approach Delay (s/veh) - - 11.5 

Approach LOS - - B 
Copyright (;) 2005 University o' Flonda All Rights Reserved Gcner.il ed 11/ 11/20 12 6 46 PM 

fi lc:///C:/Uscrs/c laity/ AppData/Loca lffcmp/u2k DOB F .tmp 111 11 /201 2 



~ 
DRAFT OPINION OF PROBABLE COST 

PROJECT OWNER COUNTY DATE 

City of Billings - Roadway Alternative #2 
City of Billings Yellowstone 10/2412012 

(Perimeter Road: 45 MPH) 

ITEM NO. DESCRIPTION UNIT QUANTITY PRICE AMOUNT 

1 Mobilization Lump Sum $552,000.00 $552,000.00 

2 Soil Erosion and Pollution Control Lump Sum 1 $15,000.00 $15,000.00 

3 Excavation & Grading Cubic Yard 325000 $8.00 $2,600,000.00 
4 Geotex1ile Separation Fa bric Square Yard 45191 $4.00 $181,000.00 

5 3" Minus Pitrun Material Cubic Yard 17268 $30.00 $518,000.00 

6 1 112· Minus Crushed Gravel Cubic Yard 3343 $35.00 $117,000.00 

7 Hot Asphalt Concrete Pavement Tons 4166 $100.00 $417,000.00 

8 CMP Cross-Drain Culverts (18" Diameter) Linear Foot 780 $45.00 $35,000.00 

9 RCP Drainage Culverts (36" Diameter) Linear Foot 250 $120.00 $30,000.00 
10 Seeding Aae 22 $750.00 $16,000.00 

11 Guardrail Linear Foot 4000 $25.00 $1 00,000.00 
12 Fencing • 3 strand barb wire Linear Foot 300 $3.00 $1 ,000.00 

15 Ditch Blocks Permanent Erosion (Sections w/grade >5%) Sta 30 $500.00 $15.000.00 

16 Traffic Control Lump Sum $15,000.00 $15,000.00 
17 Right Tum Lane on Blue Creek Road Lump Sum 1 $175,000.00 $175,000.00 

18 Reconstruct or Blue Creek Road Lump Sum 1 $380,000.00 $380,000.00 
19 Roadway Obliteration on Hillcrest 500 $40.00 $20,000.00 

20 Spur Road to Hillcrest $30,000.00 $30,000.00 
o. 

0. 
0 

F I 1-12 150-Blgs Soltd Waste Mgt Plan\ProfOCllOosogn\Road OeS1gn\Akernatrve 2\Aft2a· Esttmares&Quanuucs xls,c 



~ 
DRAFT OPINION OF PROBABLE COST 

PROJECT OWNER COUNTY DATE 

City of Billings - Roadway Alternative #3 
City of Billings Yellowstone 1on412012 

(Perimeter Road to Collier Road: 45 MPH) 

fTEM NO. DESCRIPTION UNIT QUANTITY PRICE AMOUNT 
1 Mobilization Lump Sum $516,000 00 $516,000.00 ----
2 Soil Erosion and Pollution Control Lump Sum 1 $16,500.00 $17,000.00 
3 Embankment & Grading Cubic Yard 320000 $8.00 $2,560,000.00 
4 Geolextile Separation Fabric Square Yard 50567 $4.00 $202,000.00 
5 3" Minus Pitrun Material Cubic Yard 19322 $30.00 $580.000.00 
6 1 1/2" Minus Crushed Gravel Cubic Yard 3741 $35.00 $131,000.00 
7 Hot Asphalt Concrete Pavement Tons 4662 $100.00 $466,000.00 
8 CMP Cross-Drain Culverts (18" Diameter) Linear Foot 680 $45.00 $31 ,000 00 ----
9 RCP Drainage Culverts (36" Dia'!!_eter) Linear Foot 250 $1 20.00 $30,000.00 
10 RCP Drainage Culverts (48:..£>iameter) Linear Foot 300 $150.00 $45,000 00 
11 Seeding Acre 20 $750.00 $15,000.00 
12 Guardrail Linear Foot 5000 $2500 $125.000.00 
13 Fencing • 3 strand barb wire Linear Foot 3000 $3.00 $9,000.00 

Ditch Blocks Permanent EroslOO (Sections w/grade >6"/o) 
----

17 Traffic Control Lump~um $40,000.00 
18 Lump Sum $20.000.00 
19 Lum Sum 1 $200,000.00 

TOTAL CONSTRUCTION $5,, 53.000.00 
CONTINGENCY 15% S773.000.00 
ENGINEERING 10% 5515.000 00 
CONSTRUCTION MANAGEMENT 10% S515.0DO.OO 
TOTAL PROJECT COST $6.956.000 00 



~ 
DRAFT OPINION OF PROBABLE COST 

PROJECT OWNER COUNTY DATE 

City of Billings - Roadway A l ternative #1 
City of Billings Yellows tone 1012412012 

(Recons truction of Hillcrest Road: 45 MPH) 

fTEM NO. DESCRIPTION UNfT QUANTITY PRICE AMOUNT 

1 Mobiliza l ion lump Sum $390,000.00 $390,000.00 

2 Sotl Erosion and Pollution Control lump Sum 1 $10,000.00 $10,000.00 

3 Roadway Excavation Cubic Yard 14881 $ 12.00 $179,000.00 

4 Excavation & Grading Cubic Yard 74674 $8.00 $597 ,000.00 

5 Retaining W all Square Yard 800 $35000 $280,000.00 

6 Geotex1lle Separation Fabric Square Yard 29611 $4.00 $1 18,000.00 

7 3- Minus Pitrun Material Cubic Yard 11315 $30.00 $339.000.00 

8 1 112" Minus Crushed Gravel Cubic Yard 2167 $35.00 $76,000.00 

9 Hot Asphalt Concrete Pavement Tons 2730 $100.00 $273,000.00 

10 CMP Cross-Drain Culverts (18" Diameter) Linear Foot 320 $45.00 $ 14,000 00 

11 Seeding Acre 4 $750.00 $3.00000 

12 Reconstruct ol Blue Creek Road lump Sum 1 $380.000 $380.000.00 

13 Guardrail (Length of retaining wall+100") linear Foot 800 $25 00 $20,000.00 

14 Fencing - 3 strand barb wire Linear Fool 2000 $3.00 $6,000.00 

17 Ditch Blocks Permanent Erosion (Sections wlgrade >5%) Sta 48 $500.00 $24.000.00 

18 Right Tum Lane on Blue Creek Road Lump Sum $ 175,000.00 $175,000.00 

19 Misc. Stratton Road Upgrades Lump Sum $10.000.00 $10,000.00 

20 Traffic Control Lump Sum $140,000.00 $140,000.00 

21 Driveway Approach Modifications Lum Sum 1 $ 150,000.00 $150.000.00 
TOTAL CONSTRUCTION 

CONTINGENCY 15% 
ENGINEERING 10% 
CONSTRUCTION MANAGEMENT 10"/. 
TOTAL PROJECT COST 



Proposed City of Billings Class II 
Landfill Expansion 

APPENDIX F 

Acronyms 

98 Final Environmental Assessment 



AFC - Alternative Final Cover 

ARM - Administrative Rules of Montana 

AADT- Annual Average Daily Traffic 

BM P's - Best Management Practices 

BP - Before Present 

CFR - Code of Federal Regulations 

COB - City of Billings 

CQA/CQC - Construction Quality Assurance/Construction Quality Control 

DEQ - Montana Department of Environmental Quality 

EA - Environmental Assessment 

EIS - Environmental Impact Statement 

E&P - Exploration and Production 

ESA - Endangered Species Act 

ET - Evapotranspiration 

FA - Financial Assurance 

FML - Flexible Membrane Liner 

FWP - Montana Department of Fish, Wildlife, and Parks 

GCCS - Gas Collection and control System 

GWIC - Ground Water Information Center 

HOPE - High Density Polyethylene 

HELP - Hydrologic Evaluation of Landfill Performance 

IWMA - Integrated Waste Management Act 

LCRS - Leachate Collection and Removal System 

LEL - Lower Explosive Limi t 

LFG - Landfill Gas 

LLD PE - Low Linear Density Polyethylene 

MAQP - Montana Air Quality Permit 

MBMG- Montana Bureau of Mines and Geology 

MCA - Montana Code Annotated 

MDT- Montana Department of Transportation 

MEPA - Montana Environmental Policy Act 

MNHP - Montana Natural Heritage Program 
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MPDES - Montana Pollutant Discharge Elimination System 

MSL - Montana Sta te Library 

MSW - Municipal Solid Waste 

NAAQS - National Ambient Air Quality Standards 

NMOC - Non-Methane Organic Compound 

NMD - No-Migration Demonstration 

NOi - Notification of Intent 

NRCS - Natural Resource Conservation Service 

O&M - Operation and Maintenance 

OHWM - Ordinary High-Water Mark 

PCB - Polychlorinated Biphenyls 

PCC - Post-Closure Care 

RCRA - Resource Conservation and Recovery Act 

RPOC - Relevant Point of Compliance 

SHPO - State Historic Preservation Office 

SpW - Special Waste 

SWMA - Montana Solid Waste Management Act 

SWMS - Solid Was te Management System 

SWP - Montana DEQ Solid Waste Program 

SWPPP - Storm Water Pollution Prevention Plan 

SWS - Montana DEQ Solid Waste Section 

TDS - Total Dissolved Solids 

TENO RM - Technologically Enhanced Naturally Occurring Radioactive Material 

TPY - Tons Per Year 

TSCA - Toxic Substance Control Act 

USACE - United States Army Corps of Engineers 

USEPA - United States Environmental Protection Agency 

USFWS - United States Fish and Wildlife Service 

USGS - United States Geological Survey 

Proposed City of Bi ll ings Class II 
Landfill Expansion 

100 Final Environmental Assessment 



Proposed City of Billings Class 11 
Landfill Expansion 

APPENDIXG 

Response to Comments 

101 Final Environmental Assessment 



Response to Comments on Draft Environmental 
Assessment Proposed City of Billings (COB) Class II 

Landfill Expansion Project - Billings, MT 
The comment period on the draft EA started December 16, 2016. DEQ received several requests 
to extend the comment period. DEQ extended the comment period to March 16, 2017. 
During the comment period, DEQ received approximately 585 comments on the draft EA. DEQ 
read and considered each comment. Because large numbers of comments addressed similar topics 
or themes. DEQ developed general-themed responses to address many of those related comments 
in one place. DEQ grouped comments by major topic and provided general responses to those 
topics. ln some cases, specific comments were noted and responded to. This part of the document 
presents these responses. DEQ made changes to the final EA in response to some of the comments 
we received. This is reflected in the responses and the fi nal EA is amended. 

General Comment Categories 
Public Notification and the MEPA Process 

1: 
Comment: Why are public comments closed after January 30, (thank you.for the -15-day extension) 
when we have another 20 to 25 years be.fore expansion is necessary? What is the rush to move so 
quickly? There is no need for the fac ility now or in the .foreseeable future g iven that the current 
facility is suffic ient for at least the next 40 years. 
R esponse: According to the Montana Environmental Policy Act (MEPA), there is no requirement 
for public comment nor a specified length time for comment on an EA. The ln this instance, DEQ 
extended the comment period to provide additional time for comment. DEQ thoroughly evaluates 
and analyzes public comment on EA documents and incorporates necessary changes to address 
substantive issues raised during the comment period. Landfill expansions are often contemplated 
and applied for far in advance because landfills are dynamic. Airspace in landfills is constantly 
fil ling up as long as solid waste is being accepted at landfills. Therefore, in preparation of the 
inevitable closure of current landfi ll , licensure of the expansion area in advance assures that when 
the current landfi ll closes, the expansion area will have been constructed and can begin operations 
to replace the closed landfill and continue to manage solid waste disposal in an environmentally 
sound manner. COB plans to relocate the composting operations that are currently conducted 
along the southern boundary of the active landfill to the expansion area with in one to five years. 

2: 
Comment: The EA cover letter states that DEQ will hold a public meeting to accept public 
comments on this proposal on January 10, 2016.from 6:30 to 8:30 p.m. in the gymnasium of Blue 
Creek School. The meeting was not open for public comment until 7:30 although the audience 
requested a question and answer period at approximately 6:./5. which was denied. Why? 
Response: MEPA does not specify how agencies must conduct meetings. Instead, it provides 
agencies with d iscretion to tai lor the process to each specific situation. The plan outl ined for the 
public meeting was thorough ly di scussed and the agenda agreed upon by the DEQ participants and 
management prior to the event. Based on past experiences, DEQ has found that an hour is usually 
enough time for concerns to be voiced if the participants may limit themselves to approximately 3 
minutes per person. The agenda, which was distributed to the public at the door, included an open 
house, at which members of the public had an hour and a half to visit with the applicant, their 
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consultant . and DEQ staff to ask questions and resolve issues of concern prior to the formal receipt 
of public comment. Public comments were recorded by a court reporter and a transcript was 
produced and placed in the facility file at DEQ. We often adjust timeframe according to the 
dynamics of the situation during the public meetings. as we did that evening. 

3: 
Comment: Members of the public indicated that they expected some type of question and answer 
process and somejeedhack j i-om DEQ during the public meeting on the draji EA . hllf there was 
none. 
Response: M EPA does not speci ry how agencies must conduct meetings. Instead. it provides 
agencies wi th discretion to tailor the process to each specific situation DEQ held an open-house 
style meeting so that interested persons could meet with technical experts on a one-on-one basis 
to individually discuss the COB proposal. The open-house was conducted prior to accepting oral 
comments. The oral comments received during the meeting were recorded to produce a transcript. 
In addition. written comment were accepted during both the meeting and the extended comment 
period. DEQ respond to sub tantive public comments in writing so a clear and definitive response 
to public concerns is provided. Although some verbal DEQ re ponse may be expected during the 
meeting. we ha e realistically found that time does not reasonably allow for complete verbal 
responses by DEQ. Many que tions require some research and ex tended discussion. which is why 
DEQ issues a written response to comments to give thorough and detailed responses to public 
comment and concern . 

4: 
Comment: Why does the Montana Solid Waste Management Act (SWMA) establish the minimum 
rather than the maximum requirements.for the development o.fSolid Waste Munugement Systems? 
Response: Montana· s Solid Waste Management Act (SWMA) is largely based on parallel federa l 
EPA regu lations. Those federal regulations (known as RCRA subtitle 0 ) e tablish many minimum 
requirements for solid waste management. including location. operation. design. groundwater 
monitoring. corrective ac tion. closure and post-closure care. and financial assurance. In 1993. the 
.. EPA published the·· olid Waste Di posal Criteria- Technical Manual"· guidance document 

(EPA 530-R-93-0 17) to further clarify the meaning and federa l policy on the minimum 
requirements. 

nder the Montana WMA. DEQ may not adopt a rule implementing Montana olid waste laws 
that is more tringent than comparable federal requirements in the same circum tances unless it is 
required to do so by law or it first makes a specific written finding a lter public hearing and 
comment ( ection 75-10-1 07. MCA). Because DEQ has not made a specific written finding for 
solid waste rules, DEQ's solid waste regulations may not be more stringent than comparable 
federal regulations or gu idelines under the same ci rcumstances. It should be noted. however. that 
many of the administrati ve rules adopted under the SWMA have no lederal EPA counterpart and 
provide '"stand-alone'· regulation for segments of solid waste management systems licensing 
actions. 

5: 
Comment: The EA states that the applicant's main objective is to prol'ide for the continued 
economical disposal o_fsolid wastes for the City of Billings and residents of >'el!oll"stone County 
Does this mean that the COB is looking to hring in more trash.for economic gain? Does the DEQ 
permit and approve this course o_faction! 
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Re po11se: DEQ's regulatory authority does not extend to planning or site selection by the counties 
or solid waste management districts. The powers and duties of DEQ to license and regulate solid 
waste management activities are largely prescribed by Montana Code Annotated (MCA) 75-10-
20./. Powers and duties of department, which can be found on the olid Waste Program Laws and 
Rules website. Duties and responsibilities require DEQ to adopt rules governing solid waste 
management systems that must include, but are not limited to, requiring the plan of operation and 
maintenance be submitted with an application and determining suitability of the site from a public 
health standpoint. 

6: 
Comment: The DEQ did not consider sufficient alternatives to the COB proposal and did not 
sufficiently explain the ones dismissed. especially the possible relocation of the landfill. One 
commenter asked why Alternative 3 (.c;tand-alone .facility) doesn 't meet the purpose as stated in 
Section 1.2 of the EA. 
Response: According to MEPA, alternatives are different ways to accomplish the same objective 
as the proposed action. MEPA requires agencies to consider only alternatives that are realistic, 
technologically available. and that represent a course of action that bears a logical relationship to 
the proposal being evaluated. According to ARM 17.4.603(2)(a), "alternative .. means: 

(i) an alternate approach or course of action that would appreciably accomplish the 

same objecti ves or results as the proposed action; 

(i i) design parameters. mitigation. or controls other than those incorporated into a 

proposed action by an applicant or by an agency prior to preparation of an EA or 

draft EIS; 

(ii i) no action or denial ; and 
( iv) for agency-initiated actions, a different program or series of activities that would 

accomplish other objecti ves or a different use of resources than the proposed 

program or series of activities. -

In addition. ection 75-1-220, MCA. states that fo r a project that is not a state-sponsored project, 
an alternatives analysis does not include an alternative facility or an alternative to the proposed 
project itself. Therefore, DEQ only considered the approval or denial of the proposed design, 
operation, closure, post-closure care, and financial assurance alternatives based on site conditions 
applicable to the proposed facility at the proposed location. As explained above (under powers 
and duties), DEQ cannot consider for acceptance or di smissal any alternatives based on planni ng, 
site selection, cost, or other applicant-speci fie project concerns. 
In all , s ix alternatives, including the proposed action and the no action aiternative, were evaluated 
by the applicant as di scussed in ection 2. 1.1 and Appendix A of the EA. COB considered fou r 
a lternatives for site configuration prior to the submittal of the application for expansion of the 
current landfill . COB's anal ysis of each alternative considered the benefits of each a lternative 
based on s ite conditions, so il ba lance, landfill waste capacity, expansion cost, closure cost and cost 
per ton. These alternatives were fully discussed in the COB ·s February 2014 olid Waste 
Alternatives Analysis as presented to residents at previous C ity meetings. 
Three of the alternatives evaluated by COB during the did not meet the purpose and need of the 
applicant. COB·s Alternatives I and 2 would require the excavation of hard rock for the 
construction of a large perimeter stormwater ditch to control run-on. In addition. COB Alternative 
2 would require the removal of Hillcrest Road, resulting in the acqui sition of additional property 
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for the replacement of Hillcrest Road. COB determined tha t construction of the ditch and the costs 
associated with the replacement of Hillcrest Road was economically infeas ible and impractical, 
and further evaluation of these a lternatives were dismissed. COB's Alternative 3 was a stand­
alone facility, but due to its configurati on. COB determined that it did not provide adequate 
technical or financial advantages needed to justi fy development of an entire ly new site due to the 
reduced design capaci ty and resulting limited li fespan. Therefore, COB rejected COB Alterna ti ve 
3 from further consideration versus advantages found in those same project e lements based on the 
late ral expansion adj acent to the ex.isting facility (the proposed action). 
As indicated above, an alte rnatives analysis under M EPA does not inc lude an alte rnative fac ility 
or an alternative to the proposed project itself. COB 's Al ternatives 1, 2, and 3 are each an 
a lternati ve fac ility or an alternative to COB's proposed project itself. Therefore, DEQ considered 
but d ismissed COB 's Alternatives 1, 2, and 3 without detail ed analysis. 
In addition to the no action alternative and the proposed action, DEQ considered, but dismissed, 
two add itional a lte rnatives during the evaluation of the application, w hich include the prescriptive 
liner design and the prescripti ve final cover system design. These a lternatives are discussed in 
Section 2.1.1 of the EA. DEQ dismissed these alternati ves from further analysis because DEQ 
found that the performance-based design for the liner and final cover that COB proposed were 
each demonstrated as equivalent to the prescriptive designs by documents provided in the 
application. 

7: 
Comment: What is considered the "resource analysis area"? Are Blue Creek Road and the South 
Yellowstone River Bridge included? Has DEQ considered the wider eco.~yslem (Blue Creek I 
Yellowstone River) that will be a.ffected by Landfill expansion? Any answers to this question 
should consider.flora &fauna as well as water and air quality. 
Response: According to ARM 17.4.603 (12), "Human enviro1m1ent" includes, but is not limited 
to biological , physical, social , economic, culmral , and aesthetic factors that inteITe late to fo rm the 
environment. An ' ·impact'· is any change to an environmental condition (resource) caused by the 
proposed action. A ··resource analysis area" is the project area, and any surrounding area, where 
the ex isting environmental conditions could be impacted by the proposed action, regardl ess of 
significance. T he extent of the resource area is defined for each type of resource in a manner that 
wou ld capture an y potentia l effects (primary, secondary, o r cumulative impacts) caused by the 
proposed action for the resource under evaluation. The size of the resource analysis area may vary 
depending on the leve l and extent of the impact that could be expected for a resource. T he 
department has found that one mile outside the project a rea boundary is generally the maximum 
exten t necessary for analysis of potential impacts on natural resources surrounding landfills. One 
mile was chosen for this site specifica lly because of its distance outside city limits and the 
prox imity of residences surrounding the expansion area. However, socioeconom ic impacts may 
extend fa11her into nearby communities. DEQ conclus ions in the EA on significance of impact to 
each resource is based on analysis that considers wider a reas outside and sunounding the proposed 
site. For example, excavation of soils and stockpiling during construction of a landfill unit would 
directly impac t soil s on-s ite, but a secondary impact of fug itive dust may affect adjacent prope11ies 
if dust was not controlled (mitigated) by operational techniques such as the app lication of water 
or so il -wetting agents during use of heavy equ ipment. Thus, the resomce analysis a rea for the 
effects of a irbo rne dust in the a ir is larger than the resource analysis a rea for the direct dis turbance 
or removal of so ils. Similarly, Blue Creek Road and the South Yellowstone River Bridge are 
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included in the EA traffic analysis, but the area by the bridge is outside the resource analysis area 
for flora and fauna due to its distance from the landfill expansion area being over one mile. 

8: 
Comment: DEQ should conduct an EIS. One commenter stated: "DEQ has preliminarily 
determined that there are no sign[ficant impacts from this project that would require the 
preparation of an Environmental Impact Statement. I strongly object to DEQ ·s statement that 
adherence to waste, water. and air regulations would mitigate any of the ... potential harmful 
consequences based on the EAS document .. , Another stated, "It is our opinion that both the city's 
application and the DEQ's Draji EA are lacking far too many details to move forward with 
approval of the permit at this time. The information in the EA. as well as that provided by the 
engineers and land.fill personnel at the meeting, is currently only general in nature. True impacts 
on things such as the environment ... cannot be deterrrJined until details are known." Another 
asked, "Has DEQ collected baseline data so that any subsequent pollution from an expanded 
landfill will be ident(fiable? " 
Response: According to MEPA, impacts may be adverse, beneficial, or both. The EA was 
prepared to determine if the proposed action wou ld result in significant impacts based upon 
evaluation of the criteria in ARM 17.4.608 (in Section 4.2 of the EA) for each resource. No 
significant impacts were identified for the proposed action that would require the development of 
an Environmental Impact Statement (EIS). 
The EPA Subtitle-0 regulations, and DEQ Solid Waste Section were formed in recognition that 
the health and welfare of Montana citizens are endangered by the improper operation of solid waste 
management systems or the unregulated disposal of wastes. The SWMA and associated 
administrative rules regulate so lid waste management systems to ensure that the criteria intended 
to control and mitigate potential contaminant releases, protect public health and safety, and 
conserve natural resources whenever possible are met. In addition to providing for the continued 
economical disposal of solid wastes, the basic objectives of COB's expansion proposal are to 
estab lish a so lid waste management system that safely controls the di sposal of solid wastes, 
monitor the faci li ty as required, and install the final vegetative cover prior to any final use of the 
area. 
Using the factors set forth in ARM 17.4.608, DEQ determined that while the proposed action 
would provide the essential contro ls necessary to protect all resources of the human environment 
(in Section 3 of the EA), the proposed action would still impact some resources. However, these 
impacts would not significantly affect the quality of the human environment, both within the 
facility and resource analysis area. DEQ's findings for each resource involving the influence of 
all factors associated with the proposed action are contained in Section 4.2 of the final EA. When 
a facility is licensed and built, the long-term effects of all waste, leachate, landfill gas, dust, 
storm water, and other associated control systems (Section 2. 1 of the EA) are regularl y monitored 
according to detailed plans, including sampling. lab analyses. stati stics, performance evaluation, 
and corrective actions designed to minimize or remedy any release of pollution to the environment 
as outlined in Section 2.3.9 of the EA. 

Vegetation and Habitat 
9: 

Comment: Many existing terrestrial wildlife .~pecies were not specifically identified (e.g. some 
residents have observed large wandering species that include black bear, wolf. mountain lion, and 
moose). Further, the survey of vegetation was inadequate, and there were no "boots on the 
ground" surveys. One commenter asked for "proof that there would be no additional impacts to 
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terrestrial and aquatic L[{e and habitats! Ho w do you know this? .. How wi/L a noxious weed plan 
implemented during all phases of the project be implemented and approved? And is it like the one 
currently used on county roads? 
Response: As noted in Sections 3.3 and 3.6 of the final EA, a record search of the Montana Natural 
Heritage Program (MNHP) database revealed that there were no threatened, endangered, species 
o f concern (SOC) or spec ial status (SS) designated plant or animal species identifi ed within the 
landfi ll expansion area. The species impact anal ysis (provided in Sections 3.3 and 3.6 of the Fina l 
EA) is focused, as required, on impacts to threatened, endangered, SOC or SS plant and animal 
species identified by MN HP. Several residents have noted additional spec ies that have been 
observed on or near the site, but not noted in the MN HP for the area, such as the Northern Goshawk 
and the Golden Eagle. MN HP has been a re li able sole source for identifying all species, while 
highlighting threatened and endangered species, and species of concern in the resource analysis 
area. 
Six of the Solid Waste Program (SWP) staff have made visits to the site at various times o f the 
year. Each of these S WP staff have different scientific backgrounds and made assessments of the 
prope11y fo r a myriad of MEPA related observations and to evaluate and confirm the MNHP 
assessment of vegetation and overall habitat. Transient wi ldlife populations, including whitetai l 
deer, mule deer, mountain lion, moose and many bird species, occupy the habitat within and 
surrounding the proposed fac ility boundary. Transient, by definition, means ·'lasting only fo r a 
short time'", or ' ' impermanent'". These species exhibit transient behavior, re locating regularly and 
rarely remaining in one area for long periods of time. Construction and operation of the proposed 
faci li ty would cause transient populations to relocate to habitats surrounding the proposed fac ility 
boundary. This is especiall y true in areas with regular, recurring human activity. The displacement 
of avian and terrestrial wi ldli fe habitat caused by construction and operation of the facility may 
a lter the movement of local wi ldli fe. The proposed action would likely result in shifts in species 
composition from wi ldli fe that is less tolerant of di sturbance to species that adapt more read ily to 
di sturbance and increased human presence. 
During landfill construction and operation, vegetation wou ld eventuall y be removed fro m the 11 9-
acre area of the 293-acre site that will be used for waste di sposal. As stated above, there were no 
threatened, endangered, species of concern, or spec ial status p lant species identified by MNHP. 
The progressive closure along with the maintenance of runoff control systems through the li fe of 
the fac ility would improve vegetation and control erosion of the disturbed areas relative to the 
current natural condition of the site. As a result , a small gain in the amount of grazing habitat is 
anticipated at closure. 
While any resident or transient wildlife that cuJTently occupies the proposed expansion area may 
be fo rced to relocate from the area during construction and operation of the area, animals will also 
retain access to unused areas of the expansion site and gain access to closed areas of the current 
landfi ll site. 
The pictures provided from nearby residents during the comment period show the presence. (as 
noted above in the comment) of common transient migratory spec ies (e.g. mule deer. goshawk, 
golden eagle) that are clearly able to adapt to increases in the human population and a ll that entails 
(homes. schools, etc.). The same species would remain nearby to active areas, while accessing 
inactive areas populated by other adaptive species attracted to the site (e.g. mice. prairie dogs, 
rabbits, coyotes, crows, and skunks which attract raptors and large carnivores). Common animal 
species that inhabit these specific wooded areas (e.g. mice, squirrels, nuthatches, chickadees, 
downy and ha iry woodpeckers. fli ckers, crows), and the assoc iated wandering species also noted 
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in the comment (fox squirre ls, porcupines, cottontails, pheasants, great-horned owls, saw-whet 
owls, waxwings, sharp-shinned hawks, red-tailed hawks, Townsend's warblers, cedar waxwings), 
would be displaced into the wooded areas remaining in the second and third order side drainages 
flanking the landfill. even after revegetation of the landfill facility upon closure. However, 
considering the vast amount of similar habitat also surrounding the proposed facility boundary, the 
cumulative impacts anticipated for resident or transient species seen in the area are likely to be 
negligible. 
The largest direct and cumulative impacts from the proposed COB landfill expansion will be on 
the limited onsite tree cover where sparse ponderosa pine, juniper, and cottonwood trees are 
removed along the axis of the first, second, and third order drainages located withjn the total 293-
acre site. Fifty acres of watershed will retain the limited tree cover in the ephemeral natural 
drainages that remain on the property. Limited tree cover also exists in the drainages of abundant 
similar landscape surrounding the site to the south and east. The total impact on the local Great 
Plains Ponderosa Pine Woodland and Savanna or Great Plains Wooded Draw and Ravine ecotypes 
of the local area is anticipated to be minor. 
A biological field survey for wetlands habitat was completed during the three-day investigation 
(October 7 - 9, 20 12) of the s ite. The report is provided in Appendix D and discussed in Sections 
3.3.2 and 3.3.3 of the final EA. There were no critical , protected, or unique habitat features 
identified for the site other than the small wetlands identified during the 2012 field investigation. 
The 14 wetlands that were identified encompass a total area of 2.4 I acres; 9 of the identified 
wetlands are less than 0.05 acres each, and 4 are less than 0.4 acres. Only one of the wetland areas 
identified is greater than one-acre in size. Of the 14 wetlands, 12 are riverine wetlands associated 
with flow in Stream 1, a seasonal tributary to Blue Creek. Of the remaining two wetlands, one is 
a depressional wetland and one is a slope wetland. The wetlands are seasonal features that 
fluctuate based upon flow in Stream 1, precipitation, dry seasons, and drought. Any future 
disturbance of the wetlands for landfill construction requires that COB obtain a Section 404 permit 
from the U.S Army Corps of Engineers (USACE) to allow for the substitution of replacement 
wetlands to offset the removal of those found on site. 
The noxious weed control plan will be approved by the county and monitored by the COB 
contractors during all phases of construction. The noxious weed control is detem1ined by the 
county weed control progran1. 

Site Access and Transportation 
JO: 

Comment: The traffic study should instead involve projections estimating growth in types of area 
traffic over the period unt;/ landfill startup and address some necessary road improvements as 
follows: (1) Prior lo its use as the access road to the landfill expansion area, a left-turn lane should 
be required.from Hillcrest Road to access Blue Creek Road. (2) An additional northbound lane 
on Blue Creek Road may be required to relieve congestion caused by garbage trucks turning south 
on Blue Creek Road from Hillcrest Road. (3) A left-turn lane should be required from Collier 
Road onto Blue Creek Road for the rerouting non-landfill traffic to avoid Hillcrest Road. 
Response: Projections of traffic flows, especially for many years into the future based on 
estimated development, would not be useful in determining modifications that are al so many years 
in the future. The cunent traffic study provided in the Section 3.10 of the final EA provides a 
baseline for comparison with a future traffic study that will be required for modifications to 
Hillcrest Road and Blue Creek Road prior the construction of any necessary modification. ln 
addition, any modifications to the design of the current roads based upon this future traffic study 
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cannot be made unless approved by the Montana Depa1iment of Transportation (MDT) and 
Yel lowstone County prior to landfi 11 construction. The increases in traffic observed between the 
initial traffic study and the future study prior to the time when modifications are necessary wou ld 
greatly assist in providing an accurate assessment of the improvements necessary to allow for the 
safe flow of all traffic at that time. The change in ratio of landfill destined traffic to total traffic 
flow on Blue Creek Road wo uld be a sensiti ve indicator of the relative improvements necessary 
fo r landfi ll traffi c on Hill crest Road versus the normal traffic increases on B lue Creek Road and 
Collier Road due to the future development that may occur in the area. 

fl: 
Comment: Hillcrest Road is currently not properly designed to accommodate trc![fic to the 
proposed expansion area. 
Response: DEQ agrees. A di scussion of traffic can be found in Section 3. 10 of the fina l EA and 
in Attachment I 0 of the final EA. 
As discussed in the final EA, changes in access to the COB C lass IT Landfi ll expansion area wi ll 

requ ire modifications to Hillcrest Road. Hillcrest Road is a county co ll ector road that serves 
residenti al and ranching properties to the south of Blue Creek Road . For the expansion application, 
the reconstruction of Hillcrest Road was presented as COB's preferred a lternative to meet the 
project goal of maintaining a cost-effective method of so lid waste management and providing safe 
access to all site users. 
The level of traffic on a newly reconstructed Hillcrest Road wou ld increase because of the 
expans ion, but the goal of the road reconstruction efforts is to accommodate all increases in traffic. 
T he redesign of Hi llcrest Road and modifications to Blue Creek Road will be subject to review 
and approval by MDT and Yellowstone County. According to MDT, Blue Creek Road is an ··on­
System Urban Route.' ' As a result, any work done on the roadway is under the jurisdiction of the 
Montana Transportation Commission. COB would be required to obtain all necessary permits 
prior to commenc ing any modifications to either road. 
Accord ing to the EA, .. Since modifications to Hillcrest Road are not expected to occur fo r 20 to 

25 years, all plans for road reconstruction will firs t be approved by MDT and Yellowstone County 
as required prior to construction. As a result, any plan for future modifications to Blue Creek Road 
and Hillcrest Road wi ll li kely require a new traffic analysis, conducted MDT. based upon 
conditions at the time of landfi ll development." The traffi c study conducted in October 20 12 by 
MDT provided a base line for current traffic conditions. 
Blue Creek Road would be modified to approach Hillcrest Road , which is the proposed route to 
the landfi II expansion area. Because construction of the landfi II ex pans ion area wil I not occur fo r 
another 20 to 25 years, a new traffi c stud y wi ll be conducted by MDT prior to construction of the 
landfi ll expansion area. At that time, new traffic patterns will be examined, and Blue Creek Road 
and Hil lcrest Road w ill be designed according to that updated traffic study. 

The cu1Tently operating landfill will be closed when the expansion has been constructed and begins 
operating. T herefore, all landfi ll operati ons will cease at the cu1Tent landfill and wi ll re locate to 
the landfi ll expans ion area. Traffic wi ll not double due to landfilling activ ities. Traffic in the area 
may increase due to future development of the area. When the traffic study is conducted by MOT 
in 20 to 25 years, data collected from that study will be used to determine what improvements will 
be necessary to Blue Creek Road and Hi llcrest Road accommodate safe travel to the landfill 
expansion area at that time. 
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Facility Location and Property Values 
12: 

Comment: The proposed landfill expansion site should be located elsewhere. One commenter 
stated, "According to statements made at the meeting, the current lanqfill is expected to reach ifs 
capacity in 30--10 years. With so much time being available, the COB should be forced to assess 
multiple options before being granted a permit. OpNons that should be considered and 
documented in the CO B's application, as well as the DEQ EA. should include but not be limited to 
multiple locations. " 
Response: The fi nal s ite locati.on was selected by the appl.icant after eva luation of several site 
options. DEQ does not have authority to select sites (Section 75-1 0-204. MCA). DEQ's 
evaluation of the proposed so lid waste management system license application is based upon 
assumed compliance with the solid waste regulations and the potential impacts of the proposed 
fac ility at the proposed location. DEQ is not involved in the waste management planning processes 
of Yellowstone County or the City of Bill ings. As noted in Section 1.2 of the EA, DEQ is requi red 
under MEPA to d isclose the potentia l impacts to the human environment that may result from the 
agency action (see response provided above to comments requesting an EIS). A MEPA document 
does not result in a certain decision, but rather serves to identify the potential effect of a state action 
within the confines of the existing regulations governing such proposed activities so that agencies 
make informed decisions. Analysis of potential impacts must be restricted to the proposed site, 
not some other futme possibility. 

13: 
Comment: The City a,( Billings has said that a landfill buffer zone would be maintained, yet homes 
will be very close to the northeast corner of the proposed expansion area. 
Response: A landfill buffer is not required by the so lid waste regulations. The establi shment and 
maintenance ofa buffer zone is the choice and responsibility of COB. 

14: 
Comment: Expansion of the COB landfill will cause property values for homes in the Blue Creek 
development, and.for other homes in the areas surrounding the lanqfill, to decline significantly. 
One commenter said that her realtor claimed that the decrease in her home value was caused by 
the landfill. 
Response: DEQ regulates over 145 so lid waste management systems statewide. Many of the 

large Class II landfi ll s are located near residential subdivisions and neighborhoods with more than 

20 residences. In the past 30 years, various research has been done on the effects of landfi lls on 

property values. These studies have yielded inconsistent results. Typically, hedonic regression 

models have been used to try to isolate the effects of landfi lls on property val ues holding all other 

variables constant. Surveys have a lso been used in studies. Some studies show stati stically 
significant adverse effects of landfills on property va lues and some do not. Generall y, larger 

effects on property values are seen from larger landfills, less modern landfi lls, landfills that accept 
hazardous waste or pose health ri sks, areas with negative perceptions of landfills, landfi lls that are 

more visible, and higher end properties. However, even these effects are not robust across all 

studies and not a ll of these effects were studied in every study. 

The existi ng landfill in Bi llings has been accepting similar amounts of garbage for many years, 
having an effect all that time on ex isting homes withi n two to three miles of that faci lity. 
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Additionai adverse effects from a similar landfill next to the existing one are hard to quanti fy and 
are likely less than they would be fo r a new landfill. Also. this is a municipal solid waste landfill 
and not hazardous waste fac ility. potentially lowering any effect on houses. Thus, it is hard to say 
what the impacts would be on homes. Clearl y. mitigating factors such as distance from homes, 
visual breaks. location away from the denser Bil lings city limit and an existing landfi ll already 
incorporated into existing home price would lower any effect that occurs. Likewise. evidence or 
the lowering ofa single home's va lue. in the absence of the type of study addressed herein. v ould 
not provide adequate proof of the effect o f the Bi ll ings landfi ll expansion on home values in the 
area urrounding the site. 

Surface Water and Ground Water 
I 5: 

Comment: Holl' will the s111:face water quality be monitored to ensure that the /and,{lll expansion 
would not cause degradation? I !ow can we know that Land.fill waste will not end up in the 
Yelloll'stone River. s ince the current water flow fi'om the hills around the proposed expansion 
empties into Blue Creek and then into the Yellowstone River? 
Response: All runoff from the facility will be routed to the stonn water detention pond to ensure 
that ediment is not released iii'\.\ hen a di charge is necessary. as noted in ections 2.3.2 1 of the 
EA. The landfil l operator must ample the ponds fo r total di s ol ed solids and total iron before 
any storm water is released from the ponds and flows down trerun into Blue reek and the 
Yellowstone River. These actions wi ll be required according to the fac ility' storm water 
discharge perm it requi rements regulated by DEQ" s Water Protection Bureau. The qualit of the 
storm water released during a contro lled event from the storm water ponds is expected to be better 
than the quali ty of storm water that currentl y occurs naturally from the undeveloped site because 
it wi ll not contain the sediment that is currently contained in the runoff from the site. 

16: 
Comment: Movement of landfill structures on s/ippe1y ll'e/ted hentonite could break pipe 
coupling,· and cause leachate tofloll' doll'n the cou/ee and onll'ard into Blue ('reek. 
Response: The proposed COB landfill site is not located in a ei mic impact zone where 
earthquake hazards are elevated. according to the .. Geological ur:ey studie and maps. 
The quality a surance procedures to be implemented during the COB landfill liner construction 
requires notification to DEQ if excessive moisture is encountered during excavation of the landfi ll 
base and lopes. DEQ must approve any modification o f the liner or leachate system de ign 
resulting from changes in subsurface condi tions before any modification may occur. As noted in 
the ections 2.3.3 .. 2.3.4. and 2.3.5 of the final EA. the engineering design provides for base 
grad ing that wi ll not exceed one foo t of ri se (or drop) over a four-foot horizontal distance, to ensure 
the stabil ity of the composite li ner design. The 60-mil thick, plast ic flex ible geomembrane liner 
is al o textured on both sides to prevent slippage on the bentonite rich subgrade or side slopes. 
Textured liner has been validated for sei mic stability in western Montana. As also hown in tho e 
EA sections. the leachate collected by the I iner will flow to the sump and drain into a double­
walled pipe that conveys leachate. by gravity. to the leachate pond. All pipe coupling \ ill be 
fu ion welded. creating a homogeneou joint that has been tested and the trength erified in 
imilar applications. The leachate ponds will also be monitored for leaks. 

1 7: 
Comment: The current contaminant impacts on groundwater and homes in Bo=eman. located 
doll'nhi/I r~f' the land,{lll. have caused some concern by several commenters that a release of 
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leachale by landfill seepage or overjlow.fom /he leachale ponds may pass info /he cenlral coulee 
Iha/ discharges downslope onlo /heir properly. 
Response: The contamination from the Bozeman landfi ll referenced in the comment is from an 
old, unlined landfill waste disposal unit at that facility. Unlike the Bozeman landfill, the Class II 
disposal units in COB·s expansion area will be lined and are designed to contain the waste above 
a composite liner system that consists of a 60-mi l high-density polyethylene liner placed in contact 
with an underlying 6-in c lay liner fom1ed by re-compacting the uppermost, highly impermeable, 
natural bentonite material that already exists in the ground below. A composite liner ensures that 
operation of the landfill would not result in contamination of any detected subsurface saturated 
zone. Furthermore, there is no shallow aquifer found beneath the proposed site and infiltration 
through the shale to the deep aquifer has been demonstrated to be highly unlikely . 
Jn addition, as noted in EA Sections 2.3.5 and 2.3.21, the landfill includes general site grading and 
the construction of storm water diversion ditches, berms, and detention ponds to effectively control 
storm water. Lined leachate retention ponds are designed and wi ll be constructed to store and 
evaporate leachate; it is unlikely that there wil l be discharges of leachate from the lined leachate 
pond. All storm water wou ld be detained in the storm water ponds so that solids are settled before 
any storm water is released from a controlled event in accordance with the conditions of the facil ity 
di scharge pe1mit issued by DEQ's Water Protection Bureau. All practices noted above ensure 
further protection of groundwater and surface water at the proposed landfill and surrounding 
properties. 

18: 
Comment: Why is there not a waler source al the landfill? There is no men/ion of a proposed 
waler source at the expansion site? And will DEQ provide hydrogeological data on the 
groundwater adjoining the expansion? Please describe how developing a groundwaler monitorinR 
network would be impractical in laymen 's terms. This document does no/ offer proof of the 
groundwater no-migration determination. 
Response: The current landfill has a city water main supplying a potable water source. The 
expansion facility will also have a water main extended to it for a water source. Conditions 
documented during the hydrogeological and soils study, included in Appendix C in the Alternative 
Liner Demonstration and Geotechnical Report, support the assertion that groundwater is not 
contiguous, is locally recharged, and occurs as isolated, perched water-bearing zones. These are 
the same conditions that are dominant at the existing landfill, which is immediately adjacent to the 
proposed expansion area. The overall conclusion from the hydrogeologic investigation is that the 
property and surrounding upland areas do not present an identifiable connecting groundwater 
system that would allow for the placement of either background wells or downgradient well s. 
These conditions a lso exist to the immediate south and west of the expansion area and are apparent 
by the fact that many homes built in this area do not have we lls but have cisterns and potable water 
is hau led in due to the lack of avai lable groundwater. 
The DEQ-approved groundwater monitoring program at the current COB has not indicated any 
contaminates which can be attributed to landfill leachate. Also, a search of the Montana Bureau of 
Mines and Geology Groundwater Information Center database revealed there are 46 wells with in 
one mile of the proposed expansion. Forty-two wel ls are generally very shallow and along the 
alluvial aquifer related to the Blue Creek surface water drainages to the north and east of the 
expansion area. The remaining four wells penetrated the Mowry shale, which underlies the Belle 
Fourche Formation fo und at the landfi ll , one at 32 feet (unused), one at 65 feet (domestic well), 
one at 245 feet (use is unlisted), and one at l ,291 feet (stock water). 
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The speed o f movement of leachate migration and landfill gas diffusion within the shale located 
beneath the adjacent Phase V of the ex isting landfi ll was ca lculated using the PO LLUTE version 
7.11 model software, included in Appendix C. The model has a 15-year history, and functions on 
the integration of data to deve lop rates of flow and contaminant concentrations based on diffus ion. 
The model assumes, as a conservati ve input, that there is no 1 iner and that there is no attenuation, 
both of which are not the circumstance at the proposed expansion area; the landfill units will be 
lined and natural attenuation occurs. The minimum possible travel time calculated estimated fro m 
the mode l output of migration ti me of the leachate and landfill gas to the perched groundwater was 
150 years. T hi s estimate is well beyond the expected life of the expansion p lus the required 30-
year post c losure period. 

Air Quality 
19: 

Comment: Many commenters voiced their concern about .ft re control, dust control, and noise. 
Furthermore. commen/ers voiced concern about afire that took place in 2016 at the current COB 
landfW. 
Response: Section 3.7.3.2 of the final EA di scusses air quality. That d iscussion inc ludes fire 
control and dust contro l. 
The fire referenced by commenters was a surface fire that occurred on April 8, 20 16, in the 
compost and brush pile area in the northeast corner of the landfill. That area occupies 
approx imately 1.5 acres and is isolated from the rest of the landfil l. It is open to landfi ll users for 
the disposa l of grass clippings, and it is al so where brush and yard wastes are shredded, combined 
with grass c lippings, and eventua ll y composted. Surface fires generally burn at re lative ly low 
tem peratures and are characterized by the emission of dense white smoke and the products of 
incomplete combustion. Jn the case referenced, landfi ll personnel be lieved that the fire started 
from a cigarette that was di scarded in the area. COB implemented their fire response plan and 
began an immediate response. Landfi ll personnel trenched around the com post/brush pile area to 
confine the fi re. Several ladder trucks and water trucks from the Billings Fire Department and 
Blue Creek Fi re Department responded to the fire. The fire was contained by 3:00 p.m . on the day 
it ignited. Fire offi cials decided to let the material smolder after they batt led the large fl ames on 
a pile of brush. On Apri I 13, 20 16, fl ames fl ared up because of high winds in the area. Private 
helicopter support provided water to extingui sh the flames. COB maintained a water tender on 
site after the Fire Department left the site and turned the response back to the COB Incident 
Commander. DEQ personnel inspected the landfi ll on April 18, 20 16, to determine the extent of 
the smoke plume and damage from the fire. Areas of the pile were stil l smoldering, but the smoke 
was not thick and was confined to a narrow co1Tidor from the compost/brush pile area towards the 
south, across Hillcrest Road. COB reported that the fire was completely extinguished by Apri l 20, 
20 17. 
lf citizens observe smoke or fires after hours, they are requested to ca ll 9 11 . 
A discussion of dust contro l can be found in the final EA in Section 2.3. 19 and on page 26 in 
Attachment I . T he EA states, '·[f dust fro m construction becomes a problem, dust control 
measures, such as wetting the surface before working on it, must be initi ated as required fo r large 
earthwork activities, such as road construction."' Additionally, ·'Fugiti ve dusts generated fro m 
disposal activities would be mitigated by adequate dust contro l measures on the interior roads and 
applying a dust palliative or water to the waste materials before di sposal. Traffi c with in the 
proposed expansion area due to continued landfi ll operati ons would cause an increase in the levels 
of airborne dust during the dry months of the year. but those levels would be like the dust levels at 
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the current COB landfill. Dust control measures on the interior roads, such as applying a dust 
palliative or water, would lessen the impact of airborne dust generated because of landfill 
operations." The areas where dust could become problematic are at the operational face of the 
landfi ll (where garbage is deposited), the daily cover excavation area (where the soi l is stockpiled 
and later moved and placed over the garbage), and along landfill access roads. ome methods 
used to control dust on access roads include gravel on road surfaces, water spraying via water 
truck, and magnesium chloride application to non-paved road surfaces. These would limit impacts 
to make them minor. 

Operation and Maintenance 
20: 

Comment: Who is responsible for air quality at the present landfill and how often has it been 
monitored? What is currenlly being done to monitor the air quality of the surrounding areas of 
the landfill? 
Response: The COB Landfill currently does not hold a Montana Air Qual ity Permit, which wou ld 
be subject to regulation and inspection by DEQ's Air Quality Bureau. COB does not operate an 
incinerator or exceed the emissions threshold limit. The COB has recently requested an operating 
permit under ARM 17.8.12, al so known as Title V of the Clean Air Act. Subchapter 12 operating 
permits are required for major sources of air pollution and are state and federally enforceable. A 
final version of the Subchapter 12 operating permit was issued in 2018. A Subchapter 12 permit 
program must incorporate all applicable air quality regulations and a renewal application must be 
submitted every fi ve years so that the operating permit remains current. The operating permit 
identifies all air quality rules and regulations applicable to a faci lity. For the COB landfill , the 
operating permit specifies limits applicable to methane emissions and fugiti ve dust emissions. 
DEQ operates an air monitor on Coburn Road, on the southeast side of Billings, that measures 
sulfur dioxide and weather readings such as temperature, humidity, and wind speed. DEQ also 
operates an a ir monitor east of Billings in Lockwood, MT, that takes weather readings. Additional 
non-regulatory monitoring of volatile organic compounds, nitrogen oxides, and ozone occurs at 
the Lockwood site. Billings and the project area meet the current Montana and national ambient 
air quality standards for all regulated pollutants. 

21: 
Comment: Are disposal units areas where dumping occurs? 
Response: That is correct. 

22: 
Comment: What is friable asbestos? And what are the disposal requirements for friable asbestos 
and dead animals? 
Response: Friab le asbestos is any material that contains more than one percent asbestos by weight 
or area, and is material that can be crwnbled, pulverized or reduced to powder by the pressure of 
a human hand. COB's· disposal requirements for asbestos-containing waste are that asbestos be 
transported in 6-mil leak-tight plastic containers and that it must be delivered by appointment only. 
The fo llowing is from the COB· s February 20 15 Operations and Maintenance (O&M) Plan for the 
landfill expansion, which is included in Attachment 1 of the Final EA. 
The COB Landfill is concerned with two major issues with asbestos management; 1) release of 
fibers to the environment and protection of persons at the facility, and 2) recordkeeping for 
compliance with state rules and federal regulations. Both issues are interconnected. The Federal 
regulations on the National Emissions Standards for Hazardous Air Pollutants (NESHAP), 
Occupational Safety and Health Administration (OSHA), and State requirements as outl ined in the 
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.. Montana Asbestos Work Practices and Procedw-es Manual of 2005 (the Montana Manual)"' a ll 
work to provide a comprehensive framework fo r asbestos management. The Bi llings Landfi ll must 
prov.ide a reasonable and safe working environment for its employees, so a ll asbestos-conta ining 
waste (ACW) will be subject to scrutiny and proper management, regardl ess of their source. 
The process starts at the construction, renovation, or demolition site. While individual 
homeowners are exempt from federa l regulation under the NESHA P, the landfill will still be 
required to manage the ACW properly to protect workers and the users of the faci li ty. T he Billings 
Landfill manages all ACW the same, regardl ess of the source, fo r the protection of workers and 
users of the faci li ty. All transportation and di sposal of ACW, no matter the source, is regu lated. 
ACW fro m multi-fami ly and commercia l faciliti es are subject to the federal and state regulations 
and require inspections and proper management. The results of these inspections should be 
presented to the scale operator at the time the load atTives at the landfill. To prevent delays while 
the scale operator determines the acceptability of the waste and its proper placement within the 
facility, commercial contractors wi ll be urged to present inspection certifications to the landfi ll 
office prior to sending wastes to the facility. All inspection certi fications will be placed in the 
landfi ll ' s operating record. 
All ACW wi ll be covered at the end of the working day with a minimum of two feet of soil. T he 
City's heavy equipment wi ll be equipped with positive pressure cabins so that any dust from 
asbestos wastes cannot eas ily enter the cabin. Dust masks wi ll be also made avai lable for the 
operators. F inally, operators will be instructed to cover the wrapped asbestos waste without 
di sturbing the wrapping if possible. 
Dead animals are buried as soon as practical by digging a hole in the waste and covering the 
carcass. 

23: 
Comment: Many commenters voiced their concerns about noise comingfi'om the landfill. 
Response: A discussion of no ise can be found in Section 3. 12 of the EA and page 27 of 
Attachment I . 
T here is no ise associated with the current landfi ll operations. The current landfi ll location will 
cease operation once the proposed landfil l expansion area is constructed. T herefore, no additional 
long-tem1 impacts to noise are anticipated. There may be a temporary increase in noise generated 
from construction activities. Any noise coming from the proposed landfil l expansion area will be 
similar to no ise coming from the current landfi ll fac ility. T here are noise limitations imposed by 
the Department of Labor and Industry to protect workers from hearing damage. Procedures to be 
implemented to minimize noi se include using proper mufflers on vehicles and operating equipment 
and limiting operating hours. Because it is a landfi ll , there wi ll be some noise associated with 
operation and ma intenance of the facility. Additionally, most residences are more than a half a 
mile away from the proposed site. minimizing the noise that can be heard from the landfi ll. 
Therefore, noise effects would be minor. 

24: 
Comment: Many commenters voiced their concerns about the compliance with and oversight of 
the operation and maintenance plan that COB is required to .follow. 
R esponse: A discussion of the O&M plan can be found in Section 2.3.9 of the EA and in 
Attachment 1 . 
COB·s O&M plan is a DEQ-approved document which governs the dai ly operation of the faci li ty. 
The O&M plan is required to be updated as needed, but at least every five years, to accommodate 
updated operations, new disposal techniques, regulatory changes, or designs modifications. When 
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adhered to, the O&M plan ensures compliance with state and federal regulations at licensed solid 
waste management systems. 
The O&M plan for the proposed expansion is divided into six different categories: 

• General site description 

• Landfill design 

• Landfill operations 

• Facility maintenance 

• Operations and maintenance task li st 

• Contingency plans 

• Methane, Stormwater, and Leachate Monjtoring 

Some specific items in the O&M plan include: 
• General operating procedures 

• Fire protection program 

• Dust control 

• Noise control 

• Waste diversion 

• Waste screening 

• Litter control 

DEQ inspects each licensed Montana landfi ll at least twice annually to ensure compliance with its 
DEQ-approved O&M plan. In many cases, landfills are inspected multiple times a year. When 
violations are noted during inspections, DEQ provides compliance assistance and provides a 
specific timeframe for the landfill to return to compliance. The public is encouraged to inform 
DEQ's Solid Waste Program or Enforcement Division of any vio lations at a landfi ll. When 
notified, DEQ will conduct inspections to verify the complaint and assist the faci lity back into 
compliance in a timely manner. If a facility fai ls to comply, it will be referred to DEQ's 
Enforcement Division where further measure may be taken to ensure that compliance is reached 
and sustained. 
COB's proposed O&M plan includes daily, weekly, monthly, qua11erly, semi-annual, and annual 
tasks to ensure ongoing compliance. 
To address ongoing off-site litter issues at the current landfill, COB has committed to the 
construction of a transfer station at the Jell ison Road entrance to the facili ty. Waste arriving at the 
landfi ll will be delivered to the transfer station, where it will be compacted before being taken by 
COB employees to the working face fo r fina l disposal. These improvements will greatly assist in 
controlling litter at the current landfi ll and the proposed expansion area. 

25: 
Comment: How is the waste screening process going to be implemented by COB? 
Response: A discussion of waste screening can be found in Section 2.3 .14 of the EA and pages 6 
and 7 in Attachment 1. 
COB wi ll be responsible for ensuring that any identified hazardous or prohibited wastes wlll be 
set aside and dealt with appropriately, rather than being landfilled. This program includes a multi­
tiered waste screening program including: 

• Visual screening at the scale via TV cameras 
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• Questioning by the scale operators 

• Inspection of the waste by faci lity equipment operators at the working face 

• Random comprehensive load inspections at the sca le house 

Random load inspections wi ll be initiated at the scale house. The minimum frequency of random 
load inspections wi ll be I% of all commercial/industrial vehicles. Furthermore, COB will inspect 
haulers wh ich have had compliance issues more frequentl y. Records of the random load 
inspections wi ll be maintained by COB. 
The waste screening program outlines actions to be taken by the staff and management of the 
landfill in the event of hazardous or prohibited wastes being d iscovered . 

Other 
26: 

Comment: Does the DEQ permit the COB to accept trash jj-om outside Yellowstone County? 
There are some conflicts between the EA and the city 's website. 
Response: Yes, COB is permitted to accept trash from outside Yellowstone County. 

27: 
Comment: The City of Billings is not in compliance with required litter control today: how can it 
be /rusted.for jimher expanding the source of the problem? 
Response: Adequate litter control is required according to approved procedures in the landfill 
Operation and Maintenance (O&M) Plan. The active COB landfill submitted an updated plan for 
im proved litter control that includes special provisions fo r windy periods. The updated plan was 
reviewed and approved by DEQ. In accordance w ith the approved plan, the City has purchased 
and is using additional wind screens to capture litter around the active working face where garbage 
is deposited. It has a lso reduced the size of the working face to minimize the potential for 
windblown litter. The City has indicated that most of the litter originates while garbage is being 
unloaded by residents or dump trucks. Keeping the working face limited to a smaller area wi ll 
reduce the vo lume of loose, uncovered wastes during working hours. The City is also cuITently 
evaluating the conditions necessary to suspend delivery and d isposal of waste when the potential 
for the generation of uncontrolled windblown litter is high. An irrigation system was installed. 
and trees and bushes were planted a long the north side of Hillcrest Road between March and May 
20 17. Not only wi ll thi s provide a visua l barrier, but it will also help prevent litter from migrating 
toward the south side of Hillcrest Road. Finall y, the City has stated it is fully committed to 
reducing wi ndblown litter issues at the landfi ll. To that end, they are currently completing the 
design of an indoor drop-off fac ility at the CUITent landfill. The drop-off fac ility wi ll provide a 
more manageable waste stream by having residents and commerc ial trucks unload inside an 
enc losed building. 

28: 
Comment: The City should focus more on alternatives.for waste reduction and recycling versus 
bring ing in more waste.from wider area and landfill expansion. 
Response: The consideration of alternatives for the planning of waste management acti vities is 
outside the scope of regulated environmenta l issues that are considered by DEQ during its review 
and deci sion on any applicati on to license a solid waste management fac ility. Thus, any dec is ion 
to encourage or develop waste reduction and recycling activities is the sole responsibili ty of the 
C ity. 
There are currently three private recyclers in the Billings area that offer options to the public. 
T hese recyclers charge a fee for the coll ection acti vities, but the service is offe red, and the recyclers 
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do have a customer base that is wi ll ing to pay for the service. The City also provides drop off bins 
for newspaper and aluminum cans and currently distributes curbs ide bins for composting and yard 
waste. The City has a partnership with Yellowstone E-Waste for electronics recycling and 
regularly hosts events for the collection of household hazardous waste. The landfill has drop-off 
sites fo r cardboard, used oi l, and antifreeze. 

29: 
Comment: Given the landfill will rise above the existing grade, what are the effects on view-shed 
for the Cedar Park and Briarwood subdivisions? What are the current and.final elevation for the 
expansion? One commenter remarked that the landfill would always remain visible from the 
higher elevation of their property, which is west of Hillcrest Road and south of the proposed 
expansion. No qualitative or quantitative data analysis was involved, such as BLM Visual 
Resource Management. Another stated that, '' Jn my opinion, the expansion will provide the valley 
floor of the COB with a great view of a mega landfill." 
Response: The elevation of the landfill wi ll ri se very li ttle relative to surrounding natural grade at 
a modest three-to-one slope. By filling the coulee, the peak 3,550-foot elevation of ultimate grade 
at closure is about 150 feet above Hillcrest Road adjacent to the north. According to analysis of 
potential visual impacts in Section 3. 11 .3 .2, most of the operations will not be visible as the base 
and slopes of the coulee is fi lled with waste. Trees would be planted along the north perimeter of 
the landfill, south of Hillcrest Road. These vegetative barriers would be developed prior to 
commencement of the southern landfill expansion to shield the distant view from homes located 
in Cedar Park or Briarwood north of Blue Creek Road. The trees would also shield the view of 
drivers heading south along Hillcrest Road approaching the landfill from the north. 
Views from homes west of Hillcrest Road that are located more than one-half mile south to 
southwest of the landfill expans ion are partially b locked by elevated topography located east of 
Hillcrest Road. These have only limited northward views of the southernmost perimeter of the 
faci lity. The topographic barriers to views of the proposed landfill area would limit the effects on 
viewshed. Thus, there will be very limited views for a short time period. In view lines from the 
distances and locations noted above, the closed landfi ll would appear as a small grassy knob rising 
within and blending into the surrounding largely grassy rangeland. The objective of the Bureau 
of Land Management (BLM) Visual Resource Management is to manage public lands in a manner 
which wi ll protect the quality of the scenic values of these lands as required by Federal law. The 
analysis provided in the final EA and supported by thi s response meets the same goals. 

30: 
Comment: Landfilling activities are not allowed on the expansion property that is located adjacent 
lo the Hillcrest Natural Area Foundation property, and COB may not conduct daily landfill 
operations in a manner such that they are visible.from the Hillcrest Natural Area. 
Response: In January 1997, the City of Bi ll ings and the Hillcrest Natural Area Foundation 
completed a land exchange where 30 acres of City-owned property was exchanged for 17.45 acres 
of Foundation-owned property. The terms of the exchange prohibit the City from extending 
landfi lling operations into the l 7.45-acre parcel. The parcel at issue in that land exchange is 
separate from the expansion area, and, thus, the prohi bition against landfilling activities described 
by commenters does not apply to the expansion area. The terms also require that COB conduct its 
landfilling activ ities at the existing landfill in such a manner that dai ly operations are not visible 
from the Hi llcrest Natural Area. 
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31: 
Comment: One commenter noted, "/ have been told by several people who have lived in Bi/lings 
for many years. that in their memory. dinosaur remains have been.found near the landfill. Some 
feel these sites are now covered under the present landji// as well as some sites adjacent to the 
landfi// on Hillcrest. Would this previous knowledge not be available.from the National Register 
of Historic Places or some other agency that the DEQ is.familiar in knowing o,f these mallers? If 
this is true is it not logical to archeologically investigate for dinosaur remains on the proposed 
expansion site? 
Response: Jn its research concerning this application and EA, DEQ found no evidence to support 
this theory of dinosaur fossil beds. If they are found. the faci lity will be requi red to contact the 
proper authority to do further investigation and receive instruction on how to proceed once remains 
have been discovered. 

32: 
Comment: One commenter stated. ··1 intend this feller to be not only a statement about the EA. 
but also a complaint about the way the City of Billings is operating the present Bi/lings landfill. 
I demand that you investigate this continual trash and filler situation fully and take all appropriate 
legal action against the City of Billings with respect to its operation of the Bi/lings Landfill ... 
Response: DEQ has written violation letters to COB for litter, cover, monitoring, and other 
performance issues, but has not found it necessary to request an enforcement action. COB has 
corrected the problem in each incident. It has also committed to the construction of a transfer 
station at the lower entrance to the facility. This additional operation w ill co llect and compact all 
waste delivered to the landfi ll before it is taken to the working face. These improvements wil l 
greatly ass ist in litter and other problems of the past. 

33: 
Comment: The statement that the expansion will not take place.for decades is incorrect and the 
actual expansion will start in 3 to 5 years. 
Response: A discussion of the timeframe for the construction of the expansion area can be found 
in Section 1.1 of the fina l EA. 
'·COB wi ll relocate the composting operations that are currently conducted along the southern 
boundary of the acti ve landfill to the expansion area within one to five years." Essentially. the 
blended materia ls (yard waste, wood waste, etc.) wou ld be transported to the expansion area to be 
composted. ·'Construction of new disposal units and associated appurtenances within the proposed 
expansion are is not expected to commence for another 20 to 25 years."' 

Proposed City of Bill ings Class ll 
Landfill Expansion 

119 Final Environmental Assessment 


	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6
	Page 7
	Page 8
	Page 9
	Page 10
	Page 11
	Page 12
	Page 13
	Page 14
	Page 15
	Page 16
	Page 17
	Page 18
	Page 19
	Page 20
	Page 21
	Page 22
	Page 23
	Page 24
	Page 25
	Page 26
	Page 27
	Page 28
	Page 29
	Page 30
	Page 31
	Page 32
	Page 33
	Page 34
	Page 35
	Page 36
	Page 37
	Page 38
	Page 39
	Page 40
	Page 41
	Page 42
	Page 43
	Page 44
	Page 45
	Page 46
	Page 47
	Page 48
	Page 49
	Page 50
	Page 51
	Page 52
	Page 53
	Page 54
	Page 55
	Page 56
	Page 57
	Page 58
	Page 59
	Page 60
	Page 61
	Page 62
	Page 63
	COB-Pt2.PDF
	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6
	Page 7
	Page 8
	Page 9
	Page 10
	Page 11
	Page 12
	Page 13
	Page 14
	Page 15
	Page 16
	Page 17
	Page 18
	Page 19
	Page 20
	Page 21
	Page 22
	Page 23
	Page 24
	Page 25
	Page 26
	Page 27
	Page 28
	Page 29
	Page 30

	App-A.PDF
	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6
	Page 7
	Page 8
	Page 9
	Page 10
	Page 11
	Page 12
	Page 13
	Page 14
	Page 15
	Page 16
	Page 17
	Page 18
	Page 19
	Page 20
	Page 21
	Page 22
	Page 23
	Page 24
	Page 25
	Page 26
	Page 27
	Page 28
	Page 29
	Page 30
	Page 31
	Page 32
	Page 33
	Page 34
	Page 35
	Page 36
	Page 37
	Page 38
	Page 39
	Page 40
	Page 41
	Page 42
	Page 43
	Page 44
	Page 45
	Page 46

	App-B.PDF
	Page 1
	Page 2

	App C-App A-pt1.PDF
	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6
	Page 7
	Page 8
	Page 9
	Page 10
	Page 11
	Page 12
	Page 13
	Page 14
	Page 15
	Page 16
	Page 17
	Page 18
	Page 19
	Page 20
	Page 21
	Page 22
	Page 23
	Page 24
	Page 25
	Page 26
	Page 27
	Page 28
	Page 29
	Page 30
	Page 31
	Page 32
	Page 33
	Page 34
	Page 35
	Page 36
	Page 37
	Page 38
	Page 39
	Page 40
	Page 41
	Page 42
	Page 43
	Page 44
	Page 45
	Page 46
	Page 47
	Page 48
	Page 49
	Page 50
	Page 51
	Page 52
	Page 53
	Page 54

	App C-App A-pt2.PDF
	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6
	Page 7
	Page 8
	Page 9
	Page 10
	Page 11
	Page 12
	Page 13
	Page 14
	Page 15
	Page 16
	Page 17
	Page 18
	Page 19
	Page 20
	Page 21
	Page 22
	Page 23
	Page 24
	Page 25
	Page 26

	App C- App B.PDF
	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6
	Page 7
	Page 8
	Page 9
	Page 10
	Page 11
	Page 12
	Page 13
	Page 14
	Page 15
	Page 16
	Page 17
	Page 18
	Page 19
	Page 20
	Page 21
	Page 22
	Page 23
	Page 24
	Page 25
	Page 26
	Page 27
	Page 28

	App-C Main.PDF
	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6
	Page 7
	Page 8
	Page 9
	Page 10
	Page 11
	Page 12
	Page 13
	Page 14
	Page 15
	Page 16
	Page 17
	Page 18
	Page 19
	Page 20
	Page 21
	Page 22
	Page 23
	Page 24
	Page 25
	Page 26
	Page 27
	Page 28
	Page 29
	Page 30
	Page 31
	Page 32
	Page 33
	Page 34
	Page 35
	Page 36

	App C - App C.PDF
	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6
	Page 7
	Page 8
	Page 9
	Page 10
	Page 11
	Page 12
	Page 13
	Page 14
	Page 15
	Page 16
	Page 17

	App D Pt 1.PDF
	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6
	Page 7
	Page 8
	Page 9
	Page 10
	Page 11
	Page 12
	Page 13
	Page 14
	Page 15
	Page 16
	Page 17
	Page 18
	Page 19
	Page 20
	Page 21
	Page 22
	Page 23
	Page 24
	Page 25
	Page 26
	Page 27
	Page 28
	Page 29
	Page 30

	App D pt 2.PDF
	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6
	Page 7
	Page 8
	Page 9
	Page 10
	Page 11
	Page 12
	Page 13
	Page 14
	Page 15
	Page 16
	Page 17
	Page 18
	Page 19
	Page 20
	Page 21
	Page 22
	Page 23
	Page 24
	Page 25
	Page 26
	Page 27
	Page 28
	Page 29
	Page 30
	Page 31
	Page 32
	Page 33
	Page 34
	Page 35
	Page 36
	Page 37
	Page 38

	App E.PDF
	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6
	Page 7
	Page 8
	Page 9
	Page 10
	Page 11
	Page 12
	Page 13
	Page 14
	Page 15
	Page 16
	Page 17
	Page 18
	Page 19

	App F.PDF
	Page 1
	Page 2
	Page 3
	Page 4

	App G.PDF
	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6
	Page 7
	Page 8
	Page 9
	Page 10
	Page 11
	Page 12
	Page 13
	Page 14
	Page 15
	Page 16
	Page 17
	Page 18
	Page 19


