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EXECUTIVE SUMMARY

Butte, Montana is simultaneously the largest 8dpnd clearup site and the most
extensiveNational Historic Landmaiik the United States. As part of the ongoing clegm the
OrxileQa YIAYGSYylryOS akK2LlA o6lyR LRGSyuArtte GKS
current site along the forme®2 dzZN&ES 2F {Af OSNJ . 26 / NBS{ o .{. Qa
vehicle storage and fueling, fleet logistics, routine maintenance and washing, and major repair
services. The asphalt plant includes a rock crusherrtwtasphalt blender, areas for aspha
feedstock storage, and areas for sand storage (used fca@leoadways). Relocation is necessary
so that underlying soil can be remediated, and the cree&sblished.

BSB has targeted these pending civil projects as an opportunity to turn away from
utilitarian industrial design, and pivot toward urban renewal by viewing the relocation project(s)
through a sustainability lens. To support BSB, a literature review;lugestd research, site visit,
and interviews with BSB employees were completed. Resut summarized in this workbook
and its contents, a site selection rubric, limited stakeholder mapping, and a searchable research
compendium.

Five candidate sites were assessed using an adaptable site selection rubric that considers
relative impacts ofL0 key criteria covering technical, environmental and social feasibility. Scores
are based on a stoefight analysis (i.e., high, moderate, or low impact) with adjustable weighting
factors. Because the candidate sites are spread across city (and in oneoatsde the city)
relative impact on travel times was also assessed.

Opportunities to improve sustainability performaneeere identified forin lighting, water
management, HVAC and ventilation and space manager@ase studieare providedfor each
of these operational topics, including pros, cons, and applicability to. B$Baddition,
opportunities for improvement in energy resource management and roadway fabrication (and
maintenance) are described, along with applicable case studies.

Two preliminary frameworks to facilitate stakeholder engagement were developed: (i) a
O2y OSLJidzr f @GASs 2F aidl 1SK2f RSNE AYyUSNBAGSR Ay
plant, and (ii) a guide to help BSB assemble public information and talutaols.

This workbook is designed to be updated by BSB throughout the lifecycle of theoaten
projects as more information becomes available.
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1.0INTRODUCTION

1.1ABOUT THE CLIENT

Butte, Montana is simultaneously the largest Superfund clgarsite and the most
extensiveNational Historic Landmairik the United States. Its national significance relates to a
long mining history- Butte's copper production was critical tndustrialization-- and playeda
key role in development of the US labor union movement. However, mine tailings and other
byproducts can be found in most areas of the city as a consequence mining practices of the late
19" and early 28 Centuries. These areas, along with the Berkelgyich dominates the local
landscape, require remediation.

As part of the ongoing cleatizLJ> G KS  OA G & Q awill wd rélofaied gvapfrans & K 2 L
their current site along the former course of Silver Bow Creek. Relocation is necessary so tha
underlying soil can be remediated, and thecreelsréa G F 6 t A AKSR® {AYAf I NI &z
dzt GAYFGSte& YIe 6S NBRS&AAIYSR yR NBt20FGSR I &
the City of Butteand County of Silver Boare governedointly.)

1.20BJECTIVES AND SCOPE

Butte-Silver Bow (BSB) is in the process of redefining its relationship with its mines, its
environment and its economyBSB has targeted these pending civil projects as an opportunity to
turn away from utilitarian indstrial design, and pivot toward urban renewal by viewing the
relocation project(s) through a sustainability lens. As paitofelocation planning effort, BSB
NBIljdzZSAaG§SR AyaiaakKad I yR adAadsEnkdlitVaniBeentPddramy 6 A | |
Hence, this Capstone project was developed. The objectives of this Capstone project are to:

w Identify and focus on aspects of the relocation project(s) that offer
opportunities to enrich sustainability;
w Identify and describe case studies where applicabtgasnability

initiatives have been implemented successfully;
w Develop a planning tool (i.e., this workbook) that helps guide BSB through
the pre-design and procurement phases of their project;

W Provide an easyo-use searchable resource with relevant information on
SIOK LKI&AS 2F .{.Qa LINR2SOGT YR

W Build flexibility into the workbook tool so that BSB can adapt it for future
projects.
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¢CKS /lLJAaG2yS ¢1a RSaA3IYySR (2 YAYAO .{.Q&a NBf?2

W SiteSelection;
W Design and Operation of Facilities; and
W End Use (i.e., Roadway Design and Maintenance).

The Capstone team conduct a literature review and dedkased research, visited BSB
from March 2629, 2015, and conducted informatiegathering interviewswith city employees
in order to gain insight into the needs of the county and planning departiggitverablesfor
this project include:

W This workbooland its contents
Asite selection ubric
A dakeholder mapping
Asearchable research compendium

€ g ¢

Resits are summarized in Sections 3 through 7 her@pplicable references are included
at the end of each sectiorSelection of a suitable site or sites for the relocation project(s) was
quickly identified as a critical need. Therefore, in collaboratioh B%B, five candidate sites were
identified and evaluated. A customizable rubric for site selection was then developed. The rubric
was subsequently transmitted to BSB under separate cover for use on future projects.

Given the sensitivity of this projedhie Capstone team was unable to interact directly
with many of the stakeholdersffected by the project. Instead of collecting primary data and
conducting a stakeholder analysthe team conducteda preliminary stakeholder screening
exercisewhich can be found iection 8.

1.3COLLABORATION WITH MONTANA STATE UNIVERSITY

Throughout this project, students from 2 Y i F y I { I { &dergrfiduateS NR A § &
architecture program, under the direction of Professor Bradford Watson, collaborated véth th
Capstone team. Their invaluable work and support are incorporated herein.
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2.0BACKGROUND

2.1 REGIONAL SETTING

BSB sits in the Rocky Mountains at the Continental Divide (Figuré @ ¢ KS OA (& Q:
drains to Silver Bow Creekwhich, at one time,w & Sy 3AYySSNBR (2 &aSNBS |
drain. Silver Bow Creek empties into the Clark Fork River, which in turn, is part of the Columbia
River watershed. Because of its ecological importance, the channel is being transformed back
into a creek that beigs a 25mile greenway extending from BSB to Anaconda, Montana. In
addition to ecological value, restoration of the creek will also provide an outdoor community
amenity that can be leveraged for tourist appeal.

s
Glacier National Park

Kalispell

.
Flathead National Forest

Coeur d'Alene Upper Missouri
Great Falls River Breaks National

€l

0Nk ;
. M»sfjouia Lewis & Clark

Lolo National Forest National Forest

190 Billings

.
Nez Perce National Forest 15
Custer National Forest

Payette National Forest

al

.
Yellowstone o)
National Park 190,

Boise National Forest s
Shoshone National Forest

Figure 21 Butte Location Map

As a result of historical mining activities, area groundwater contains elevated
concentrations of metals and other mining wastes. Groundwater in areas where mine tailings
were landfilled is particularly degraded. In addition to tailings, waste rock aret atming debris
were historically used as fill. These waste materials have largely been removed from residential
areas (where appropriate). However, in commercial and industrial areas, remedial measures
typically included installation of a soil cover teepent exposure to mining waste, and prevent
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surface water runoff from accumulating waste materials. Thus, land use and storm water
management are key considerations for any BSB development.

2.2 CURRENT OPERATIONS

. { . @A Public Works Shopse also known as municipal shops, county shops, and
YFAYUSylryOS aK2Llas YR KSNBAYFFAOISNI I NBE NBTSNN
acres in the northeast part of the city, between historic Uptown and the more residential Flats
(Figure 22).Based on information provided by BSB, the shiapkide the following facilities

W Vehicle Services
- Serviceand WasBays
- Painting and Welding Bays
Storage Rooms (e.g., parts, tires, tools, stock oil/ fluids, repair manuals)
Heated Vehicle Storage
FuelingStation
Administration Offices
Employee Facilities/ Staff Rooms (e.g., training, lunch area, rest rooms,
locker room)

€ €€ ¢g¢

. {.Qa OSKAOfS FtSSG AyOftdzRS& | ALKFEGAY T YI (
vacuum trucks, street sweepers, buses, lighédium and heawguty trucks, and police cars. In
addition to storage and fueling, work performed at the shops includes fleet logistics, routine
maintenance and washing, and major repair services (e.g., painting and welding). The shops are
described mordully in Section 4.

{.Qa FALKEFEG LXFYyG Aa f20F GSR0man asosiB OSy i
between Uptown and the Flats. It covers approximately 17.5 acres, and includes a rock crusher,
hot-mix asphalt blender, areas for asphaetistock storage, and areas for sand storage (used to
de-ice roadways). Based on information provided by BSB, current operations are described in
Section 5 and summarized Table 21 (below).

10
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Figure 22 Butte Layout and Candidate Sites
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Table 21. Facility Inventory
Function Current Operations

w 9,000 tons of asphalt each summer; 15,000 tons planned for 20

w Four trucks making-3 trips from the plant per hour during paving
Asphalt Paving projects

w Water trucks and other metro trucks make32ripsper hour for

other summer projects

w Haul in sand for 3 full weeks during summer to stockpile street <
Deicing Sand for winter

w Sanding during storms yields 64 individual trips/ day/ snow stori

T il and
G?st: an w 1,500 cubic yards of topsatockpiled on site

. w 1,500 cubic yards of road mix gravel stockpiled on site
Stockpiling

12
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3.0SITE SELECTION

alAyidSylyOS akKz2LlA FyR |y | &dday dperatidnsf, angd i I NB

these operations are most effective and efficient when they are located within or near their
service areas. Before selecting a site, however, a broad spectrum of esisede carefully
O2yaARSNBR a2 GKIFIG . {.Qa 20SNINOKAy3a 2062S0O0A
selection process, a qualitative assessment tool (i.e., rubrichéasdeveloped. This rubric is a
high-level screen of important criteria théhe BSB community has considered or will consider as
part of site selection. This section of the workbook describes:

w Five candidate sites for either the maintenance shops, an asphalt plant, or both;

w ¢KS NHZNARO dzaSR G2 FaasSaa SIOK airidsqa |

w Thescreening results

3.1 SELECTION PROCESS AND RUBRIC

CAQPGS OFYRARIFIOGS araitdsSa adzFfFAOASydate f1NBS Sy
or asphalt plant (Figure-2) were screened utilizing a pros/ cons approach to help differentiate
them. For exampE ¢ KSNBFa . {. Qad Od2NNByd flreéz2dzi FyR |
AYRAZZAGNARI £ | NBFas> AYRdzAGNRARLFE 2LISNF GA2ya OF NNE
historical charm. Similarly, additional traffic burden from maintenance shops aral asphalt
plant will exacerbate congestion at nearby intersections, and traffic conditions will dramatically
impact service response times and fuel costs. Conversely, siting municipal facilities too far from
their demand areas incurs operating costs thaty overwhelm the benefits of a distant location.

The rubric is based on the following principles:

w Both project feasibility and opportunity to improve sustainability are vital;

w {AGS NIrylAy3Ia IINB ljdzr t AGlFO0AGBSET o6FaSR 2y
AdadzSasz FyR INB AYGdSYyRSR (G2 FIFOAtAGIGS

w Highly detailed siting issues can be grouped into a manageable number (i.e., less
than a dozen) of representative criteria,

w To the extent practical, interrelationships betweerniteria are ignored (for
example, changingcosystem Impaetill not automatically change
Sustainability; and

w Each criterion is weighted equally, although weighting factors could be adjusted
as new information becomes available.

The rubric, its categories, and brief descriptions of each category are provided in Table 3
1. The rubric compares, on a relative basis, negative impacts that could result from operations of

13
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{. Q48 YIFIAYyUuSylyOS akK2Lld | y Rwriteiowislassigdgd aframk ofJt Iy (-
1-3. For the purpose of this evaluation, a score of 1 (i.e., low) implies very little risk of impact
from future operations. For example, storage of dry goods represents relatively low risk of
impact, whereas hazardous neatals storage represents a higher risk. Criteria ranks are then
FRRSR a2 GKIFG SIFOK aiadasSQa G2Grt ao2NB OFy oS

TABLE 4. Site Selection Rubric

Type Criteria Description Potential Results
High =3
Schedule Level of effort toacquire parcel = Moderate = 2
Low=1
High =3

) . Level of effort to convert parcel
Design Constraints P Moderate = 2
for development

Low=1
Cost to obtain and convert a High =3
Technical Feasibility Overnight Cost Moderate = 2
parcel
Low=1

A Distance tanfrastructure and
Accessibility heavy roads Moderate = 2

Low=1
Level of effort to implement High = 3
Sustainability ) P Moderate = 2
BMPs/ alternatives
Low=1
Likelihood of communit High = 3
Stakeholders y Moderate= 2
backlash
Low=1
. . . High =3
Potential to impact sensitive e€o
Ecosystem Impact Moderate = 2
receptors
Low=1
. . . High =3
Environmental & - Potential for emissions/ dust to
. . Emissions/ Dust Impact . . Moderate = 2
Social Feasibility impact neighbors
Low=1
High =3

. o Potential fornoise/ vibration to
Noise/ Vibration Impact . _ Moderate = 2
impact neighbors Low = 1

High =3
Visibility Level of effort to make attractive Moderate = 2
Low =1

Lowest Negative Impact = 10. Highest Negative Impact = 30.

Several of the candidate sites are impacted by past industrial activities, and are listed on
USEPA'$\National Priorities LigINPL). Sites on the NPL are known colloquially as Superfund sites

14
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because, unattended, they represent excess risk to human haattfor the environment. These
sites were included because redevelopment of Superfund sites represents an opportunity to
return a parcel to productive/beneficial use. Accordinggmediation status was factored into

the screening process.

3.1.1Limitations

The site selection rubric is weighed against a fictional baseline wherein the site would be
occupied by lowimpact development such as a residential building. Restated, it is assumed that
residential land use would score differently than commercialnolustrial land use. Similarly,
industrial development likely will have design challenges that differ from a residential parcel of
equal size (or complexity).

Notwithstanding the assumptions described above, it must be further noted that
standard individial residential lots are substantially smaller than individual commercial/
industrial operations. For example, a-&6re parcel (i.e., the size of the current maintenance
shops) could have up to 64 quartacre residential lots. Because impacts from algifgisiness
operation is far easier to control, the maintenance shdpsoreticallycould score better than
the combined impacts from 64 residences throughout the rubric.

Therefore, when utilizing the rubric to assess site suitability, the followinggliimits apply:
w ContextF 2 NJ G KS NHz2oNAOQA AyLlzia FyR NBadzZ GAyY
and
w The rubric is a higlevel screen and is not comprehensive; thus, digpt scores
(i.e., rankings) are qualitative, and should not be construed to regpredetailed
numerical risk analysis.

3.1.2Summary of Results

Screening results are summarized in Tablke Bescriptions of each site and its potential
pros and cons, along with sispecific screening results, are provided below. Note that scores
should be reviewed and modified as new information becomes available.

15



Target Sites
Candidate Site

Current Use

Pros

Cons

MNegative Impact

Site Selection Summary
Sustainability Assessment of Relocated Maintenance Shops and Roadwaork Facilities

Butte, Montana

Central Portion of Butte Area One | Montana Pole & Treating Plant

Site #1
Undeveloped brownfield,

Site #2

unauthorized recreational area  |[final closure

Already cleared, flat, and suitable
for building [pending excavation i
. Large =ite, close to -80
of upper soil column), central

location

Located within Butte-Anaconda
green corridor, conversion from
[unauthorized) parkland to

Access reqguires significant road
upgrades, CERCLA remedy

. o . . imposes design constraints,
industrial is inconsistent with . .

. residential areas east and west
community's current land use

Central Fortion of Butte Area Ome Montana Pole B Treating Plant

Table 32 Site Selection Results

Upper Rail Yard

Site #3

phase of remedy
Good truck access, central

location, some existing
infrastructure, potential for
greenway linking football field
and gym

Highly visible viewshed, adjacent
to community and health centers
that attract both local and non-
local visitors

Upper Rail Yard

Upper Lagoon Area

Site #4

Undeveloped brownfield, nearing | Undeveloped brownfield, in O0&M Undeveloped brownfield, near

industrial facilities

Central location, existing
infrastructure, current industrial
use

Small site, adjacent to Silver Bow
Creek, highly visible viewshed,
interference with proposed 1-80
exit

Adjacent to Power Plant
Site #5

Undeveloped greenfield

Zoned heavy industrial, large site,
no adjacent sensitive receptors,
opportunity to use waste heat
from adjacent power plant, good
truck access on SH 383/ 2

Four miles south of I-80, requires
rail crossing, no historical
development

B Maintenance Shops [only)

B Asphalt Plant (only)

B Combined Shops and Asphak Plant

Upper Lagoon Area Adjacent to Power Plant

16



As supplemental information, the relative impact on travel times for municipal vehicles
was assessed, and is summarized below:

Candidate Site Impact on Travel Time Relative to Current Location
Low Im i.e., rank of 1) centrally | n nan
Central BAO ow Impact (i.e., rank of 1) centrally located between Uptown anc
the Flats
MPTP Moderate Impact (i.e., rank of 2) closer to Uptown than the Flats
Upper Rail Yard Moderate Impact (i.e., rank of 2) closer to Uptown than the Flats

UpperLagoon Area Moderate Impact (i.e., rank of 2) closer to Uptown than the Flats

Adjacent to Power High Impact (i.e., rank of 3) closer to the Flats than to Uptown;
Plant furthest from city center

3.2CANDIDATE SITES

Of the many sites available for immediate relocation of facilities shops and subsequent
relocation of the asphalt plant, several parcels stood out as worthy of closer scrutiny. These were
the central portion of Butte Area One, the Montana Pole and Tre&lagt, the Upper Rail Yard,
the Upper Lagoon Area, and adjacent to Basin Creek Power Plant. Below, each of these sites is
outlined and a detailed scoring of weighted criteria can be found in Appéadix

3.2.1Central Portion of Butte Area One

Candidate site #1 is the central portion of tBatte Area OneSuperfund site (a.k.a.
Central BAO), shown in Figurel.3(Note that the entirety of Butte Area One is also referred to
asSilver Bow Creek GreenWyagentral BAO straddles both a historicatlased and a historical
tailings impoundment. Central BAO is a&Se semrectangular parcel located in central Butte,
just north of 190/ I-15 and south of Business 90. It is bordered by George Street to the north,
Kaw Avenue to the west, Cobban Streetthe south, and Utah Avenue to the east. The area
around this site is predominantly zoned as residential, with the exception of a commercial
campground directly across Kaw Avenue.

Central BAO occupies a fundamental geographic node in the BSB commuitéys Bisected
bykpn> ASLI NFGAYy3I KAZG2NAO ! LIiz2éey FNBlLa G2 (GKS
south. Kaw Avenue is a norfouth connector traversing underneatk90, and Central BAO is
near a key intersection north of90. Therefore,development may reinforceconnectivity
between Uptown and the Flats

17
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Il KOA Camp Grounds
[

Il Open Space

Il Commercial

Silver Bowl Creek
George St

Lexington St

1-80

CENTRAL PORTION OF BUTTE AREA ONE
mﬂTEMH

Hgure 31, Central BAO

In addition, Central BAO is located near the confluence of Blacktail Creek and Historic
Silver Bow Creek. Together, these two water bodies form the bulk dbitiier Bow Creek
Greenway In fact, theBlacktail Creek Tras a recreational facility northfdhe target parcel
along the Historic Silver Bow Creek. Current use of this trail, together with unauthorized
NEONBFGAZ2Y I dzaS 2F /SYGNlrf .!hX RNAGSa (KAA
potential impact).

Screening results are providen Appendix A (Table-B). Based on screening results, it
appears that Central BAO may be suitable for light industry and heavy commercial use, but likely
is unsuitable for heavy industrial applications (e.g., asphalt production).

3.2.2Montana Pole & fieating Plant

Candidate site #2 is the efcreMontana Pole & Treating PlatMPTP) site, located at 202
West Greenwood Avenue, just west of South Montana Street and soutBMfr a transitional
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urbanrural part of Butte (Figure-3). As a result dfistorical wood treating operations that were
separate from local mining operations, MPTP was addeted\PLn July 1987. Wood treating
compounds and their breakdown products impacted surface soil, subsurface soil, surface water,
and groundwater. Impodntly, these compounds also seeped into Silver Bow Creek, which is
located off site, adjacent to the northern MPTP boundary. To date, several remediation phases
have been completed, including:

w
w

Limited (albeit large scale) soil removal,

Construction of adand Treatment Unit (LTU) to stimulate biodegradation in soil;
and

Installation of orsite monitoring and pumping wells, as well as a treatment
system for recovered groundwater on a separate parcel nortRoéx |

g ) W

DDI] L
——up I
AN

TIAN
i

S Montana St
Il Residential Neighborhood

Il Construction Company W Park
Il Cemetery Il Commercial
MONTANA POLE & TREATING PLANT

BUTTE, MT1

Fgure 32, MPTP
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Additional activitiesare being planned in anticipation of final closure. Pending closure
activities will likely include (a) consolidation of soil from the LTU that does not meet treatment
goals into an ossite capped landfill, and (b) losigrm ground water monitoring. As asalt, land
use constraints and institutional controls (e.g., access for -pasedy monitoring) will be
required by Montana DEQ and US EPA. In addition, because MPTP is so close to Silver Bow Creek,
rigorous surface water runoff controls from any industoaerations on site will be needed.

MPTP is adjacent to a residential area that includes some intact housing and a cemetery;
in this context, siting a noisy, dusty, and unsightly asphalt operation at MPTP might create
unnecessary conflict within the commity. In addition, MPTP is near a higyaffic transportation
node studiedpreviously [Ref 4]. In summary, this traffic area is near capacity. Therefore, light/
heavy industrial ralevelopment near this interchange may add to the existing traffic burden
ultimately, could alleviate traffic burden if additional infrastructure is funded and built.

Screening results are provided in Appendix A (Takg A

3.2.3Upper Rail Yard

Candidate site #3 (Figure33, the Upper Rail Yard, is part of a-&¥e commercial
property owned by BNSF Railway Company. The candidate parcel and surrounding area is
commonly called the warehouse district and is zoned for heavy manufacturing land use. The
Upper Rail Yard is southwest of the Berkeley Pit, bordered by SAwdtsie to the east, Madison
Street to the north, East Second Street to the south, and South Arizona Avenue to the west.

The candidate site is a linear terrace separated from an upper terrace bygasehs (or,
in places, greater) slope. The upper terraoaudes an indoor/ outdoor recreational facility. The
Upper Rail Yard and the terrace above have been remediated and are iolpgsgte monitoring.
Remedial measures at the candidate site include a vegetated cover to prevent exposure to
underlying soibnd, in one area, an asphalt cap. At times, surface water runoff from the upper
G§SNNI OS SNRBRSa (KS ! LILISNI wk Af I NRQa NBYSRALI

The terrace below the candidate site has an active rail spur. Notably, the candidate site
and terrace below (with the rail spur) are part of a single land parcel.
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W Park St

Il Public Amenities
Il Residential Neighborhood
Il Park

Il Commercial
Il Berkeley Pit

UPPER RAIL YARD
BUTTE, MT¢

Figure 33, Upper Rail Yard

Because this location has good access to central roadstitastive for municipal/ public
works operations. However, the Upper Rail Yard is in direcioireégght of a nearby residential
community; thus, stakeholders located nearby and down gradient of the Upper Rail Yard may
oppose industrial development.

Screening results are provided in Appendix A (Tak3g A

3.2.4Upper Lagoon Area

/' YRARIGS aAGS In Aa R2FOSyd G2 .{.Qa ol i
Avenue, just on the north side 68D, opposite of MPTP (Figured® The Upper Lagoon Area is
directly upstream of the water treatment plant and adjacent to therthobank of Silver Bow
Creek. This site was part of early remediation efforts at the greenway, and its upstream proximity
to the water treatment plant makes it attractive for 4ocating heavy industry near a major
transportation node. The Upper Lagoon Armaccupies 40 acres of flat lowland; however, it is not
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clear how much of that parcel can be developed. If the entirety of the area is not available due
to other land use constraints, then additional parcels across Centennial Avenue may be needed.
(Both the asphalt plant and the municipal shops occupy parcels larger than 10 acres each.)
Development plans may be hampered by the steep grade of those parcels (greater than 5%) and
potential construction of an interstate efamp 2,0083,000 feet north, at SouthlExcelsior
Avenue.

S Montana St
Il Water Treatment Plant

M Existing Asphalt Plant ~ UPPER LAGOON AREA

Il Residential Neighborhood BUTTE. MT
Il Commercial ; non'ru1

Figure 34, Upper Lagoon Area

Development at Upper Lagoon Area likely would have little impact (i.e., rubric score of
16), and offers exceptional opportunity for facility-tmration and industrial campus design.
However, risk of relesing hazardous substances into Silver Bow Creek, thus and overwhelming
GKS 61 G4SN GNBFGYSy(d LXFyGgwa OF LI OAGeT akKz2dzZ R
developing this location further. For example, local stakeholders that are concerned with
waterways restoration may perceive the risk to be unwarranted. Also, compliance with
SYGANRYYSYyUlt LISNYAGOGAYT NBIldANSBSYSyia ySSRSR
a02NrX3S Glyla FYyR KS aLKIFfG LIXIFyaGaQa o62@S3aAN

Sceening results are provided in Appendix A (Tabi® A
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3.2.5Adjacent to Power Plant

/' YRARIGS aA0S Ip A& AYYSRAILFGOSteée azdzik 27
Creek, which is located at 200 Technology Way, just west of Basin Creek RoadeahiyStaay
2 (Figure 3). It is a 6eacre vacant owned by Butte Local Development Corporation (BLDC) in an
area known as the Butte Industrial Park. The candidate site sits atop a hill (less than 1% grade)
straddling two drainage streamsSand Creek andaBin Creek both of which drain into Silver
Bow Creek four miles downstream. The parcel is abutted by a railroad on its eastern boundary.
The railroad easement creates a conveniéatrier for surface water runoff that is directed
northward into a culvert The parcel occupies the westernmost part of the industrial park and
requires that a wind study be performed to ensure that air emissions, dust, and noise do not
inhibit other commercial activity at the park. The parcel is within a-ole view shed ofural
residences to the south, which presents a stakeholder challenge. Finally, the parcel is four miles
south of the interstate interchange at Harrison Avenue, adding inefficiencies to municipal
operations by virtue of increased distance to and from opers sites.

Il Residential Neighborhood
Il Commercial

MT HWY 2

ADJACENT TO POWER PLANT
BUTTE, MT¢

Figure 35, Adjacent to Power Plant
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However, proximity to the power plant allows for another industrial colocation study.
Development on this site will have access to all the necessary infrastructure and environmental
controls associatedwith heavy industry. Further, the ecologic relationship between the
operational processes of the power plant and the asphalt plant forms a basis for an industrial
symbiosis related to waste heat. There exists a significant operational cost savings pétemtia
a conventional fuel expenditure management standpoint and a future minimization of risk
exposure associated with heat pollution. Advantages of waste heaseeand facility céocation
are described in the Section 4 herein.

This site received thenost favorable score in the rubric, primarily due to its perceived
lack of negative impacts over the local community stakeholders. But it bears pointing out that
development in this direction facilitates sprawl, does not utilize Brownfields efficienttydaas
little to maintain a sustainable balance between municipal industrial mix, environmental
preservation, and economic growth within the BSB community.

Screening results are provided in Appendix A (Takdg A

3.3 LAND USE CLASSIFICATION

%2YyAyYy3d YR flyR dza&S Of I 4aAFTAOlI G Ancipal 0 | NB
Codeand the following are pertinent to site selection:

w Light manufacturing, such as the maintenance shops (Chapter 17.28);

w Heavy manufacturing, such as the asphadinpl(Chapter 17.30);

w Rural manufacturing, which is any transportation related industry requiring siting
near major transportation nodes similar to highways and railroads (Chapter
17.31);

w Associated special provisions (Chapter 17.38).

Siting these facilies separately or together requires careful consideration of the overall

T2yAy3 LYY SalLlSOAlfte gKSy O2yaAiARSNAy3d 20KS

ordinance attempts to account for economic development, ecologic impact, and socitl aqui

part of its land use mandate. For example, light and heavy manufacturing are administered
differently when the two are near important transportation hubs, and by implication, near dense
peri-urban centers. Specifically, in addressing rural manufaugutand use situated near
transportation hubs, states that:

Because of the impacts associated with industrial and commercial activities, residential and
general retail activities are discouraged from locating within this district while ancillary light

24



BUTTESILVER BOW COUNTY SUSTAINABILITY WORKBOOK

industrial uses and commercial activities incidental and related to the industrial uses shall be
considered consistent with the purpose and intent of this z@teapter 17.31.010).

By comparison, merely siting light or heavy industry in Butte is fatrgight forward,
provided that friction with commercial and residential stakeholders is minimized.

Combining the shops with the asphalt plant and siting them near transportation hubs and
nodes carries with it the risk of alienating the citizen base vlaaance for cdocating with
NEaEARSY(GAlIf T2ySa Aa 3INIYyGEGSRo {dzOK @I NAIyYyOS
current layout. Siting industrial facilities near roads yet far from residences requires that the sites
be situated far from the populath that relies on municipal services. Case in point, the
Continental Energy Low Impact Subdivision and Butte Industrial Park are two main areas where
heavy manufacturing is sited near road infrastructure; yet, these industrial campuses are situated
farfroY NBAARSYGAIf INBlFLad ¢KS OdzZNNByid ardsaqQ ai
which means that future sites will require variances from land use regulations, and subsequently
a comprehensive strategy for identifying and addressing appropsiaiecholder needs.

3.4CASE STUDIES FOR SITE SELECTION

3.4.1Freshkills Parfs, 2008)

/
-~
Description - Freshkills was an \C{/ i
active landfill 1947 to 2001. Its - )‘
initial plan was for a temporary, N /&
20-year landfill that wouldater e Lok
be developed for civic benefit. If EXISTING HABITATS PHASE TWO

not closed, it was forecasted to
become the highest point in
elevation on the east coast. At
its height, the landfill swallowed
up 20 barges per day, each
loaded with 650 tons of
garbage. Freshkills was once the
largest man made structure on
earth[Ref 32].

PHASE THREE PHASE FOUR MATURE BIOMATRIX

Figure 36 Freshkills Phases

Pros The EPA is capping the landfill in sectiqrie be developed into six park districts with a
total of 2,200 acres. The project will incorporate aaifie solar array, equestrian trails, mountain
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biking, layaking, and largscale public art. It will also include a monument to the September 11,
2001 tragedy, as much of the remains are buried in the landfill. Finally, restoration of wildlife will
bring over 200 species back to the area.

Consg BSB alreadigas an abundance of open recreation space.

Why does this matter to ButteThe project takes advantage of a highly contaminated brownfield
because of its prime location, providing musbeded greenspace for the urban environment as
well as vital amenitiesThrough Butte may not necessarily be looking for more public parks, this
is an opportunity to use Brownfields productively and safely.

3.4.20lympic Sculpture Pa{USA, 2007)

Description - A 9acre sculpture park
with  waterfront access turned a
contaminated brownfield into culturally
rich public greenspace. The difficult site,-
with a 40foot grade change, was
handled by using aghaped green form
to reconnect the urban core to the NS
revitalized waterfronfRef 33].

Pros The project integrates natural
Storm water management, brownfield .
reclamation, and cultural vitality. It deals &
with the noise of a highraffic road and
the need for accessible routes by
carefully folding the landscape.

Cons- BSB already has abwandance of
open recreation space.

What does this mean for Buttehe Fgure3-7 Olympic Sculpture Park

Olympic  Sculpture Park provides

precedent forproductive use of brownfield sites. It successfully integrates environmental and
social function with aesthetic appeal.
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3.4.3 WASTE2PLA(USA, 2015)

Description- WASTE2PLA@GEs 2 T T & K 2 PibpctfdF Reglanatd@ Excellen(RRE),
whichl AYa (G2 4aLINRJARS desigh SroreclaisEn inhesiteiRerR8]{TheT 2 NJ
project consists of a pamphlet and website that lay out principles and guidelines for action at
Superfund siteshat requirespecial treatmentz ! { ¢ 9 H t frihciplesQ &
1. Conservatiorof Energyand Massin Site TransformatianMaterial movements should
approach equilibrium.Contaminated soils should be consolidatedifesitu integration.
2. Adaptive Usef Site Condition€Designes must adapt by disturbing the disturbance.
3. Plant Ecologgnd Vegetation StrateggDesignes mustassess whether any disturbance
adapted plant species have local populations.
4. Interactive Landscape Circulati@amd Infrastructure Design to avoid hazard and risk
exposure.

Pros- The goal of this project is to empower communities to take action in their own backyard
or neighborhood. The guidelines integrate sound environmental practices, health concerns, and
civic benefit in order to create truly regenerative solutions for Supetfdeanup.
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Cons- BSB already has an abundance of open recreation space.

What does this mean for Butte”On their website, WASTE2PLACE has a series of case studies
that provide a model for appropriate reclamation action. One of them, the Old Work<Goite
[below], sits in Anaconda, Montargga neighbor of Butte. The project also provides a model for
Butte citizens to take action, or for the government to proceed with sound practices.

T T ——

o . - i
"o \

Figure 39 WASTE2PLACE

3.4.4 Collective Coffee on Humi(USA2010)

Description- In 2010, the city of Milwaukee acquired 3 separate brownfield properties through
tax foreclosure. The properties were former fuel depots, and were highly contaminated with
diesel, gasoline, and petroleum volatile range orgaommpounds. A major barrier to
redevelopment was the concern that any disturbed soil would move contaminatiesitefto
adjacent residential properties and ultimately the Milwaukee RjiRaf 35].

The Collective€offee redevelopment capped the most ¢caminated area underneath a
parking lot, and constructed a roasting/distribution warehouse on one property, with a coffee
shop and leasable officeétail space on the otheOnsite monitoring wells were incorporated
into the design of the warehouse.

Pros - The project is important because it effectively addresses issues dfit®@nwaste
remediation while allowing space for retail and industrial food production.
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Cons This, like the otherase studies in this section,nist explicitlyrelevant to industrial facility
brownfield transformation but can be used as an exampletestpractice land conversion
regardless of the endse of the parcel.

What does this mean for Butte®ase in place can be a design hiadce, or it can serve
necessary infrastructure functions while allowing for commercial and industrial activithe
scale of this project is appropriate f&SB and it proves that remediation infrastructure can be
incorporated into site and building design.

Figure 310 Collective Coffee
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4.0DESIGN AND OPERATIONS: MAINTENANCE SHOPS
4.1 OVERVIEW

. {.Qa YIAyuaSylyOS akKz2Lla FI0S I RAGSNES NI y3
and opportunities, particularly in the winter when cold temperatures and snowfall increase the
demand for vehicle and roadway. A detailed list of environmental, soaia economic
considerationsrelevant to design and operations isummarizedin Appendix B Specific
opportunities to improve sustainability performance in the following areas are described below:

1 Lighting

1 Water Management

1 HVAC and Ventilation; and
1 Space

4. 2LIGHTING

4.2.1Current State

During the site visit, the lighting system was observed, and employees disclosed that
improved lighting could positively influence productivity, particularly during winter months when
daylight hours are limited. Currently, the facility utilizes a numifestandard shop high bay
fixtures each fitted with four t12 fluorescent lamps. The lighting is supplemented biiglding
from a number of skylights. However the glass skylights are not regularly cleaned which limits
the amount of light that penetratedie facility. As recommended by tH&imination Engineering
Society light levels for repair areas in garages must be a minimum of 100 footcandlesIRef 4
Though not measured during the site visit, facility lighting was estimated to be lower than 100
footcandles and it is recommended that lighting brightness is tested to ascertain necessary
improvements.

4.2.2Improvement Opportunities

The first and most costffective way to increase the amount of light within the shops is
to maintain the skylight widows, cleaning regularly to allow natural light to shine through. In a
new facility, skylights designed for easy access will allow for more regular cleaning. While
increasing daylight will improve the light levels during daytime hours, there is stilea toe
increase the artificial lighting within the shops.
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The current lighting fixtures and lamps are obsolete with regards to fluorescent high bay
technology and upgrading these fixtures will increase the quality of lighting within the shops.
First, rephcing the fixtures with newer models allows for the introduction of newer reflector
technology thus optimizing the output of the lamps, and new lenses allow more light to exit the
fixture. Next, either retrofitting the current fixtures or replacing thenthwfixtures that utilize
high output T5 lamps will both increase the footcandle rating of the shop and decrease electricity
bills. A standard T5 HO lamp uses approximately 54w, whereas the T12s currently use closer to
100w. Furthermore, new T5 lamps leawlso increased their output and in some cases can
replace up to 2 T12 lamps (Re2} A further increase in savings can be made by upgrading to
LED. However, the upfront costs must be factored in before deciding whether or not a switch is
economically iable.

4.2.3Environmental Implications

Upgrading lighting fixtures reduces the demand for electricity, thereby reducing the
environmental impact of greenhouse gas emissions and air pollutants used in the generation of
electricity.

4.2.4Economic Implations

Increasing daylighting and upgrading to new light fixtures will decrease energy bills
related to lighting. It is recommended that a cdstnefit analysis be conducted before an
increase in daylighting to assess the economic risks and payback.

4.25 Case Study for Lighting

Stikeman Elliott, Lighting Retrofit Project (Toronto, 2011)

Description Stikeman Elliott Toronto occupies a commercial space of 174,378 square feet which
is a LEED Gold certified building. In order to acquire laEEf@ditation the firm needed to
upgrade their lighting system and in doing so upgraded 3,100 fixtures from T12 to T5 lamps and

electrical ballasts. Doing so was able to net them 443,943 kWh/year in energy saving8)Ref 4

Pros- Energy efficient lighmg provides the same quality while using a fraction of the energy.
Major energy and carbon footprint savings can be gained yielding a quick payback.

Cons The initial capital cost of fixtures and maintenance to install or retrofit is significant.
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Whydoes it matter for Butte2 L YLINE @Ay 3 f AIKGAyYy 3T OF LI OAGE Ay Y
FNHZA G¢ 6KSYy AG O2YSa (G2 AYFNI &adNHzOG dzNB  dzLJRF G S
the shortterm (i.e., one year or less).

4.3WATER MANAGMENT

4.3.1Current State

. dziiSQa YAETS KAIK t20F0A2y Ay GKS w201eée a:
temperature dip of-52F. At such extremes, fluids expand, steel becomes brittle to the point of
failure, and deployment of critical equipment like anidces becomes very challenging. To date,
GKS az2fdziazy F2N SEGNBYS GSYLISNI GdzNB RNR LA |
equipment in heated storage bays. The current facilities are steel shells with heavy insulation and
natural gadfired spae heaters mounted at ceiling level. This type of installation is a conventional
approach to maintaining acceptable internal temperatures in expansive operating spaces.

Part of the functions performed by the city yearund is the maintenance of water dres
that divert potentially toxic surface runoff to treatment facilities. When a drain freezes during a
winter event, the damage, if left unattended, necessitates costly repairs later in the year and
places the fragile BSB ecosystem at risk. Part of th@ca NB aLl2yasS G2 FTNRI Sy
the deployment of water pump trucks that use highly pressurized water as a cutting/ clearing
fluid. Trucks are unable to rely solely on remote supplies of water such as a fire hydrant during
extreme weather, andssuch carry a predetermined amount of water on board.

Currently, the shop uses water gite for vehicle washing and for filling water trucks. The
water is pumped from the underground water table and aftersite use it receives remedial
treatment inthe oily water separator and is later sent to the municipal water treatment facility.
Traditionally, oily water separators become neglected by the operators and subject facility
managers to substantial EPA fines.

4.3.2lmprovement Opportunities

For eaclcandidate site, physical layout(s) of the maintenance shops and/ or asphalt plant will
Odzf GAYIFGStft&0v 0S RSGSNYAYSR a LINIL 2F .{.Qa O
site-specific assessment of these criteria is outside the scope ofwbrkbook. However,
A0NI GSIA0O 202S00GAGSa F2NJ adG2N) 41 SN O2y G NERf
basis of design, including:
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1 Reducing runoff to prevent soil erosion in general, and deterioration of remedial
covers where applicable;

1 Redwing runoff to protect surface water (e.g., Silver Bow Creek);

1 In areas of known groundwater impact from historical industrial operations,
reducing infiltration to reduce ground water head (i.e., gradient and flow),
thereby reducing solute flux; and

1 Reusing storm water as conservation measure and/ or reduce water resource
loss from direct discharge of storm water.

Other improvement opportunities are described below.
Greywater Recycling

ToimproveK 2 ¢ ¢ GSNJ A& YIylI3ISR G GKS FrOAfAGe:Z
upcycled into the radiant heating system or used to fill the water trucks for use instead of
disposal. By utilizing upcycling as an approach tsitsngreywater management, anoties can
be easily identified. Additionally, the load on municipal water treatment can be reduced, or at a
minimum, managed more efficiently. Such a strategy increases the productivity of one unit of
water. In such manner, the facilities manager can adsl@sy issues concerning water demand
and supply without having to rely on a centralized water delivery/ treatment system. In fact,
when combined with rainwater harvesting and dual plumbing, greywater reuse contributes
measurably to the supply side of the
water equation (Ref4}).

Storage of Water Trucks

Ensuring that roadway
maintenance trucks are properly
maintained during winter is critical to
. dzitSQa 2@0SNItt &
pollutants penetrating the ground
water table. Ideally, all equipmetd to
be storedindoors to avoid ruroff of
contaminants from vehicles into
nearby soil during a rain event.

_ Figure 41 On Site WateiGourtesy of Lynnette Widder)
4.3.3 Environmental Impacts
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Adequate water management techniques can help improve the biodiversity and quality of local
waterways, reduce poltion, and reduce water consumption.

4.3.4 Economic Implications

Reusing grey water can help reduce utility bills.

4.3.5 Case Studies for Water Management

Potential of Greywater Systems to Aid Sustainable Water Management (US, 2010)

Description- This case study identifies how greywater can be used and recy€ted 45).
Municipality facilities can use greywater to reduce the need for fresh water, reducing the need
for municipal water and thereby improving environmental performance. Catchment,nresat,

and recycling infrastructure must be installed for greywateruse to be possible and
economical. In the case of the municipal shops, captured water could be used to irrigate and keep
green the surrounding landscape, particularly a line of treesli@sissed in the Space section).
Typical household water system infrastructure, which is similar to the sheghiown below.

Cost estimates are from Southern California.

Drinking
Water
»

$3.4-5.5/100-
Ave. single family  |[§0% '
water bill I——] / 7
» $900 /year ; 111 N \Kl/ /
per household Shower Wish s /6 \l/

g /N y
Machine

Toilet sink \
Sink NNz WV /
l 1 Dcshwasherl , \l/ \1/ /

Irrigation

D e —

O

|
2

Sewer
$3.4/100-ft°

Figure 42 Water recycling system
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Pros- Capturing, treating, and rasingwater can save money, and helps to avoid environmental
impacts. These practices exhibit examples of water management "best practices" of how to
manage greywater on site.

Cons- There is an upfront cost of capital to establish a water catchment and negysyfstem.

Why does this matter to Butte? The shops can adopt greywater capture to provide water and
improve the vegetation on site as well as reduce pressure on the water system in a region that
sources its water over long distances.

4. 4HEATING, VENCATION, AND AIR CONDITIONING

4.4.1Current State

During a site visit, employees disclosed that the municipal shop facilities lack adequate
ventilation systems. Without adequate ventilation, employees are more susceptibitéever,
dust mite and po#n allergies, and asthma from breathing in polluted &ive American Society
of Heating, Refrigerating and A@onditioning Engineer{ASHRAE) conducted research
suggesting that improving ventilation systems increases the performance of employees.
Typicaly, HVAC systems are responsible for over 40% of a total facilities electricity use. BSB does
not currently track and record the energy demand ohigating, ventilation, and air conditioning
(HVAQsystem relative to the rest of the building's power dréRef 46).

4.4.2lmprovement Opportunities

There are various options to consider for improved ventilation systems.
Hybrid Ventilation

hyS 2LJGA2Y F2NJ AYLINRPOSR | £!/ LISNF2NXYIyOS A

when a building's ventilatiosystem integrates both natural (i.e., passive) and mechanical (i.e.,

active) ventilation components to achieve high efficiency (Réj.4A hybrid system uses the

earth's natural systems (e.g., the ground or wind) to power the ventilation system. Only whe

natural resources cannot meet the required ventilation levels does the system resort to-a high
efficiency mechanical system. Because of its energy reduction implications, hybrid ventilation has

been used extensively by the Passive Haus Inst{Réf 48). Hybrid ventilation systems work

best when the building has access to the earth's natural systems. An area of land large enough
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for placing earth tubes and the building being located where there are extreme weather
conditions, hot or cold.

Stack Ventdtion

Another option is stack ventilation. Stack ventilation uses temperature differences
(thermal buoyancy) throughout a facility to move aRef 49). Benefits of stack ventilation
include low running cost, zero energy consumption, and low mainteng®teek ventilation is
regarded as being healthy, having fewer hygiene problems than with ducts, and filters. The
Gyl GdzNF £ ¢ FSStAy3a 2F GKS aeaidSy Kra Fftaz2z oSSy
SNy 2dzAE f AQa t NAYOALX S
. SNy 2dzZ £ A Qa t Ndoye@ik Gites hodzabSrilantwing’ iRin Mdhtana, this
is a highly feasible option for cooling and ventilation. The faster air moves, the lower its pressure.
I ANJ FAdzZNI KSNJ FNBY GKS 3INRdzyR Y2@Sa FlFLaluSNE (KS
naturally through a buildingRef 49).

Solar Chimneys
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Figure 43 Solar Chimneys

{2f 1 NJ OKAYySeéa dzaS (KS adzyQa KSFG G2 Lz €
Solar chimneys aralso known as thermal chimnegs thermosyphonsRef 49).
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4.4.3Environmental Implications

Reducing the fuel and electricity required to support ventilation systems by adopting any
combination of the techniques listed 8ection éwill help reduce GHG emissions, VOCs, SOx, and
NOx, among others.

4.4.4Economic Imptations

Reducing the fuel and electricity required to support ventilation systems by adopting any
combination of the techniques listed #ection 6will help lower energy bills. It is recommended
that before considering or adopting any ventilation techmeg, a feasibility study should be
conducted, and an economic cdsenefit analysis considering all of the risks and opportunities
of a given system.

4.4.5Case StudieefHVAC

Beddington Zero Energy Developm@dnited Kingdom, 2002)

Description- BedlRA Yy 32y %SNR 9y SNHeé 5S@St2LIYSyid o. SR%
O2YYdzyAlled . SNyz2dz f AQa LINAYOALX S KI a-ede®py | R2
HVAC performance, along with the integration of other energy conservation measures and
sustainable technology. The adoption of wind cowls provides passive ventilation-(Rgf 4

Pros- The passive ventilation system requires no energy or fuel to run. The ventilation system is
therefore economically viable and contributes little to negat@revironmental impacts.

Cons- To provide adequate rounthe-clock ventilation requires specific elements in a building's
design. Many buildings may not be physically or aesthetically suited to include such design
elements. The incorporation of these elente must be considered and included during the
design process of any building to be integral to the design.

Why does this matter to Butte? Adopting a similar passive ventilation system could help the

municipality achieve environmental benefits, economavings and improve the wellbeing of
employees.
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Figure 44 Beddington Zero FacilifiRef 410)

4.5SPACE

4.5.1Current State

During the site visit, a number of areas for improvement were identified throughout the
facility. First, service bays atmdersized to service current fleet. Vehicle sizes and capacity
demand has increased since the shops were constructed. Additionallyp@adiork areas (e.g.,
in center aisles) are used as stgap because an insufficient number and size of service bays are
available. This condition interrupts workflow, decreases efficiency, and creates safety hazards.
The limited number and size of service bays does not allow mechanics and services that are
performed to be organized by like type or category (e.g., policg)cdhis situation interrupts
workflow, decreases efficiency, and creates safety hazards. Poor traffic flow impedes circulation,
reduces productivity and creates safety hazards. Finally, the current facilities have insufficient
vehicle storage space botteated and norheated.

4.5.2Improvement Opportunities

With the relocation of the maintenancehops pending as a result of remediation
activities, BSB can incorporate strategic spa@agement design concepts that will enhance
the sustainability of futld 2 LISNJ GA 2y ad | SyOSs AG Aa NBO2YYS)y
new shops include:
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Table 41: Design Objectives
o o Proposed
Objective Specific Purpose P
Improvements

1 Debottleneck traffic into, .
Rigorous space

Work flow within, and out of shops .
1 o L . planning and

optimization 1 Minimize vehicle movements . .

. ) configuration
while on site

Reduce

occupational Reduce safety hazards Larger and more
2 P Reduce risk of vehicle g

hazards and/or risk 1 work bays
. exposure/ damage/loss
of injury or loss

1 Facilitate strategic (i.e., Seelighting
3 Reduce sustainable) lighting, Ventilation and
environmental risk ventilation, and water Water Management
management initiatives, above
Visual appeal and communit .
. I PP 3 Property line
Integrate with local value :
4 : o , vegetation (e.g.,
surroundings 1 Minimizetravel to service
trees)
areas

4.5.3Environmental Implications

Rigorous space planning and configuration can reduce fuel consumption, accidents, and
spills, which in turn reduce GHG emissions. Property line vegetatiomygarove air quality by
sequestering GHG emissions.

4.5.4Economic Implications

Rigorous space planning and configuration reduces fuel costs and the cost of vehicle
damage. BSB will undergo minor (incremental) design costs if larger bays are codstiucte
addition to the cost of planning and maintaining a new larger facility, particularly one with
vegetation that requires irrigation and maintenance.

4.5.5Case Studies for Space

Case studies illustrating these types of improvements, and potepta@d and cons of
AYLX SYSyldlAy3 GKSY 4 .{.Qa yS¢ aKz2L3Aa I NS RSao
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Air Force Design Guide for Vehicle O&M (US, 1999)

Description- The Air Force Design Guide for Vehicle O&M (Rif)4ase study focuses on the
interrelationships between departnm#s and work zones. Staralone vehicle maintenance
support areas were designed specifically to support local base functions and mission
requirements. These considerations are described in Chapter 4, Section E3fp 27
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Additional requirements for mulpurpose vehicle maintenance areas are described in in
Chapter 4, Section F (pp-33). For example, (a) Furnishings and Equipment, and (b) Technical
Requirements are lisd for Service Bays, Aisle Circulation Spaces, and-Dinraeigh Bays.

Pros- Maximizing spatial design helps achieve operational efficiencies and, therefore, reduces
costs.

Cons¢ KS AYAGALFE O2ad 2F aavYl NI RSaexidtifigebuiltidglj dzA NS
Ad 0SAy3a NBONRFAGGSR 2N aNBGJI YLISRZI¢ GKSNB | NE
constraints of the existing building footprint.

What does this mean for Butte?BSB is in a unique position to completelydesign its shog if
they are relocated to another site. If relocated, utilizing design approaches, and best practices
from this case study can improve operational efficiencies.

Shop Design Considerations (US, 2009)

ltems that are important to consider in shop designNBE f Aai0SR Ay a{ K
/| 2y aA RSN} vuDya &4 DEISIR yrA GKS . & {Al S wAIKGE Aa
working bays may seem like a natural default. However, for the bays to be useful adequate space

for mechanics and technicians tafsly and efficiently circulate around the vehicle with tools,

parts and equipment. Specificallfa fleet includes many fulize pickups, adequate numbers of

larger bays (e.g., ¥bot width, 27-foot length) is recommendedSee previous case study for

Pros Cons andimplications

USACE Tactical Equipment Maintenance Facilities Standard Design (US, 2010)

USACE Tactical Equipment Maintenance Facilities (TEMPF) focuses on best practices for
deign of repair areas, vehicle corridor/ maintenance areas,rapdir area bay doors (Refl8).
A useful site adjacency diagram is included. See previous case studrofrCons and
Implications

4.6 REFERENCES FOR MAINTENANCE SHOPS (DESIGN AND OPERATIONS)

Ref 41. Howard, L. (2013, January 14). Recommendediim Lighting Levels. Retrieved
April 9, 2015, froninttp://www.howard-lighting.com/
Documents/ProductLiterature/FootcandleApplicationRecoemaations.pdf
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5.0DESIGN AND OPERATIONS: ASPHALT PLANT

The purpose of the asphalt plant facility is to manufacture asphalt concrete from a
number of different aggregates that are heated, coawith a binder, and then kept warm and
trucked to its final use location. The other focus of the plant is to reclaim and crush recycled
asphalt to create recycled asphalt pavement (RAP) for further use as pavement or roadbeds. The
BSB Asphalt Plant producapproximately 9,000 tons of asphalt each summer for their roads and
is looking to expand to 15,000 tons over the next five years. The facility also stockpiles sand for
the county to use in the winter to sand the roads. See the Roadway Maintenance sfction
more detail.

5.1CURRENT STATE
5.1.1Inventory and Equipment

The components listed below have been culled from a literature review (see bibliography
and spread sheet index). The information does notreflectaddni S Ay alLISOlAz2zy 27F

plant nor is this information alhclusive (Ref-4).

Table 51 Typical Asphalt Plant Equipment

Buildings and Equipment Major Supplies Used and Housed
1 Plant Operations Office or Booth 1 Crushed rock
1 Batch Tower and Pugmill 1 Fine or coarse asphalt
1 Cold Feed Bins aggregates
1 Crusher 1 Petroleumcompounds
1 Asphalt cement shearer 1 Mineral fillers
1 Drying Drum 1 Additives that reduce binder
- Heater thickness
- Drum mixe 1 Asphalt binders
- Dryer burner 1 Asphalt cement shearer
1 RAP Cold Feed Bin 1 Water
1 Emission Control System 1 Soaplike chemicals
1 Particulate Storage Tank
1 Asphalt Cement Storage Tanks
1 Conveyor Belt and Storage Silo (Hot Mix
Asphalt)
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5.1.2Environmental Impacts

Air Pollution

The production of asphalt creates a number of different airborne polluttr@sare seriously
regulated at both the federal and state level. The most common air pollutants from hot mix
asphalt plants are:

1 Particulate matter (Pivb)
Sulfur dioxide (S£)
Nitrogen dioxides (N
Volatile organic compounds (VOCS)
Carbon Monoxide (CO)
And hazardous air pollutants (HAPS)

= =4 4 4 A

Particulate matter is defined as a complex mixture of extremely small particles that once
inhaledcan have an adverse effect on the heart and luegsising serious health defedRef 5
1).PMyois specifically targetkbecause these are particulates that have a diameter of 10 microns
or less allowing them to be absorbed by the human body more effectively. Montana code
requirements for the specific particulate matter limits discharged into the atmosphere from fuel
burning equipment are listed in Appendix

VOCs, or volatile organic compounds, are defined by tfeD{ | NBE= G2 NHI yA O
... many [of which] are humamade chemicals that are used and produced in the manufacture
2F LI Aylas FRKSaAGSas LISGNRE Sdzy (RNB2RTwOsea = LIKI
compounds are usually toxic, and manye &nown as human carcinogens. Therefore, it is
important to keep these emissions to a minimum for the health and safety of all stakeholders.

HAPs, or hazardous air pollutants, are exactly what their name implies. The US EPA
describes them as pollutantsahcause or may cause cancer or other serious health effects, birth
defects, or adverse environmental or ecological effects. Currently, the EPA controls 187 different
HAPs, the majority of which are traced to huraaiade sourcegRef 53). Similar to VOCsn
order to maintain the health of various stakeholders, hazardous air pollutant emissions should
be minimized.

The remainder of the pollutants produced by asphalt plasthose common to other
industrial practices. For that reason, they are also commoagulated at the federal level. The
National Ambient Air Quality Standards limit2SNQ, and CO in order to protect public health.
ForSQ the NAAQS limits emissions to over 75 parts per billion on ahone average. FANO,
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the limit for emissionssi 100 parts per billion on a odeur average. Finally, for CO, emissions
cannot exceed 35 parts per million on a eémeur averaggRef 54).

Water Pollution

Water pollution is another source of negative emissions from asphalt production. Water
runoff and pollution on site from chemicals used during the lifecycle of asphalt production are
large sources of contamination of water sources, especially for facilities sited in the vicinity of a
wetland (e.g. Silver Bow Creek). One major contributor to this tfgmollution is the antifreeze
used in the large machinery. Sinites machinery is difficult to move, there is a greater chance
of localized toxic spills. Furthermore, the various petroleum based chemicals and bindsts on
have the potential to spiths well if not properly stored. The frequent travel to and from the plant
by heavy vehicles poses yet another source of water pollution. No matter what the pollutant may
be, all have the potential to be picked up by rainwater and washed aywagpeciallyduring
periods of heavy precipitatio(Ref 55).

Furthermore, any water used during the production of asphalt, such as to moisten
aggregate to reduce dust, must be captured and removed properly. The capture and removal of
water also applies to any waterdhmay come into contact with the aggregate while it is being
stored, including rainwater if the aggregate is not covered. Hence, proper groundwater
management is needed in order to combat the possibility of runoff pollution.

Noise Pollution

Since the poduction of asphalt includes the crushing, grinding, and mixing of stone
aggregate, noise pollution from these types of facilities is inevitable. Noise is a sensitive issue
especially if there are neighbors close by to the asphalt plant. There are numssatuses of
noise within asphalt plants including the motors for the beltways, the dryers for the aggregate,
the burner to heat the aggregate, exhaust fans, etc. All of these sources of noise pollution can be
abated to a certain extent by means discussetbt, and by following industry best practice an
asphalt plant can run quite quietly (Ret}.

5.2IMPROVEMENT OPPORTUNITIES

Newest and future generation asphalt plant technology differs greatly from what is seen
commonly throughout the United States today. Through technical engineering, consumer
demand for environmental performance, and the quest to achieve maximum efficiaspialt
plants are being transformed from noisy eyesores into cleaner and better thought out facilities.
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The main goals driving asphalt plant technology include reducing atmospheric emissions, noise
levels, and energy consumption and the ability to creatdtiple forms of product using different
materials and techniques including RAP. By specifically looking at these factors, specific
recommendations for a resouresmart asphalt plant come into focus.

Atmospheric Emissions Reduction

As was already noted, the main source of pollution from asphalt facilities is their atmospheric
emissions. Due to the inherent nature of asphalt plants the output of dust is inevitable. Dust
forms at every stage of the asphalt mixing process until theegggeis mixedwith a binder.
Therefore minimizing dust inherently minimizes the amount of particulate matter, HAPs, and
VOCs emitted through operations. In order to minimize aumstssionssome of thendustrybest
practices are (Ref-3):

1 Contain the ggregate on at least thregides,as well as a roof covering;
Moisten high traffic areas, especially during loading and unloading;
Cover belts that transport aggregate;
Cover the cold feeders;
Add small amounts of binder at the end of the production cyalabsorb any
dry material.

= =4 4 A

A great example of methods to prevent other airborne pollutants from asphalt plants was
created by the Missouri Department of Natural Resources. The report outlines best practices to
follow in the development, operation, and nmbéenance of hot mix asphalt facilitieBhe primary,
albeit simple, method of pollutant prevention is to simply reduce the amount of waste by
improving the efficiency of the equipment being used, and by looking for other asphalt mixes
that are less polluhg than the current mixReducing waste has a number of benefits including
but not limitedto: improved environmental and safety performance, reduced liability, reduced
regulatory requirements, improved environmental protection, and enhanced marketing and
public relations.While airborne pollution is important tenonitor, there are other forms of
pollution from asphalt plants that capasilybe prevented Based on a case study from the state
of Missouri, the following actions can also reduce even the sstaimounts of unnecessary
pollution that include(Ref 55):

Include the cost of disposal when making purchasing decisions;
Buy aggregate as neededeftovers may become waste;
Purchase the least toxic or hazardous products available;

Use the oldest itembrought in first (firstin, firstout);

Return unneeded material to supplier if possible;

= =4 A4 4

48



BUTTESILVER BOW COUNTY SUSTAINABILITY WORKBOOK

1 Use drip pans and splash guards where spills frequently @oespecially
important for the truck loading areas;

1 Fix leaks as they occur & regularly inspect stotagk&s and areas for leaks;

1 Store wastes separately amthsurethey are properly labeledo they can either
be recycled or disposed of properly.

Again, many of these seem simple and straightforward, but keeping a close eye on all of
these aspects of poltion translates into more efficient managemei. 2010, a company called
I 3ANB I GS LYRdAzZAGNASAE ONBIF ISR | Witatepfins gifok £ F I
the asphalt industry. The facilityas builtin Denver and features a fully enstd systenthat has
ready mixed concrete and asphaltoducts,as well as recycling operations. The design of the
plant allows the company to offer seven different aggregates, including IR&Ren has a truck
washout system that recycles the wash wateonh cleaning trucks back into the concrete
batching process thus eliminating unneeded waste. However, the main benefit of enclosing the
plant has been the ability to reduce overall emissions (R&t 5

The first waythat enclosed design increases the efficiency of the plant is by continuously
keeping the stored aggregate warm and dry. By completely encasing the different aggregates,
excess moisture from rain and humidity is kept out of the mix, allowing the plant to exjan
number of aggregate mixes that it can use. Without this extra moisture in the aggregate, the
drying period before the aggregate cae heatedand mixed with ainderis shorter and less
energy intensive. The Centennial Facility also captures emssfiom the machines and feeds
theminto a loop where the air can be scrubbed to reduce emissions @gf 5

Oy =5

Figure 51 The Centennial Faciliiref 58)
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Water Pollution Reduction

The most effective way to avoid water pollutimom the operations of the asphalt plant
is through good housekeeping practices, minimizing exposure, sediment control, and runoff
management. First and foremost best practices in housing pollutant materials must beitaken
order to reduce the chancesf leakage. By reducing spills and minimizing the amount of
pollutants that storm water can potentially reach it inherently reduces the risk for runoff
pollution. Similarly,there should be scheduled pickups for waste materials and monitoring of
their contaners. Keeping up this routine forces employéesnonitor continuallythe site for
pollution and will aid in avoiding it altogether (Re®h

Minimizing exposure of potential pollutants to rainwater is another essential step in
minimizing water pollution Reducing this exposure, similar to housing pollutants properly will
prevent contaminated storm water runoff by not giving it a chance to contaminate rainwater
from the very start. Covering aggregates or housing them in permanent structures is the best
way to minimize exposure (Ref%.

Finally, theproper management of runoff to divert, infiltrate, and reuse storm water is
imperative for proper water pollution abatemerithere are a number of different ways in which
this can occur, however for industtiareas like asphalt plants capture, filtration, and reuse is the
best option. The plant shoulse designedn such a manner that curbs and berms prevent water
from flowing off of the paved areas, and should follow the gradation of the land whei®in
should capture it From this, some water should be captured and treated with arsiten
treatment system to give the plant all of the water that it needs for its operatidhss practice
reducesthe need to use fresh water when it is not necessary andhailb divert some of the
pollution from runoff (Ref ). Through performing all of theg#actices the asphalt plant will
be best positioned to have minimal water pollution.

Noise Pollution Reduction

To attack the issue of noise pollution at industpénts such as an asphalt plant, one
must begin at the design stage and incorporate different methods to insulate noise. Utilizing the
existing aspects of the land being built on natural methods of screening can be used, such as
using existing hills asre@ning mounds for the facility (Ref6. Furthermore simple placement
of the plant within the site chosen to develop is another simple way to reduce noise from the
design stage. By placing the plant the furthest distance away from any nearby staksteider
positioning the machinergo thatnoise may diminish or totally mitigate the impact of noise to
the neighbors (Ref-5).
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Another way of reducing noise pollution is through equipment selection. Due to a
number of laws passed over the past few decades manufacturers are required to display the
sound output levels of the machinery used on site. If looking to purchase new meaghi
acquiring models with the lowest output rating would best minimize the amount of noise from
the shop and asphalt plant operationg.urthermore,other choices in equipment can be made
based on the operatiog such as switching from using dump truckgransport aggregatacross
a site to utilizing conveyor belts instead (Reé8)5

Finally, placement and housing of certain machinery can greatly reduce the amount of
noise produced from the asphalt plant. Since conveyor belts are responsible fordrangp
aggregateacrosghe site, they are typically running constantly. Taking the motors for these belts
and enclosing them would reduce the amount of noise escaping into the atmosphere. This effect
can be multiplied through enclosing the entire aspliaplant keeping most noise making
machinery confined to inside thus reducing the amount of noise emitted (fégf 5

5.2.3Case Studies for Asphalt Operations

Gallagher AsphalCorporation(Joliet, Illinois 2012)

Descripton- ! & (GKS DIFffF3IKSNI ! ALIKFEG 7 2NLIR2NF A2y f
redesigning the plant was to reduce noise pollution (R&Dh There were frequent complaints

about the noise levels at the plant. One of the first steps was to alter the desitpe conveyor

system. The alterations made allowed greater flexibility with regards to changing mixes, and also
allowed them to house the motors and main drive chains to be sealed to minimize noise.
Furthermore a few pieces of machinery were identifiad being overly noisy, especially the drum

burner. By installing a new totally enclosed, variable drive burner, the plant can run the burner

at only the speed and heat needed for the particular mix to reduce both air and noise emissions.
Infact,itis sod dzOOSaaFdzZ = G i KS8 0 dzNJ S NloNaeymine éikis |j dzA S
running or no¢ 6 vit@.POvepall through careful design and thoughtful equipment choices the
DFffF3IKSNI ! aLIKEFE G / 2NLI2NI (A 2y QareddeBRtBedokerrly 2 F
noise output of their facility.

Pros- Minimizing noise from the plant machinery reduces the amount of noise pollution being

produced by the plant. Steps taken to minimize noise, can result in fewer negative perceptions
andaverhA Y3 Wy 2 Ay Y& ol Ol1@FNRQ A&dadzSa FTNRY (GKS
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-

Figure 52 Gallagher Asphafforporation(Ref 510)

Cons- In order to maximize sound reduction, investments in new quieter equipment, building
enclosures, and a new overall plan requisemificant capital investment. Rearranging the overall
layout of the plant may also aid in reducing carrying additional capital costs.

What does this mean for Butte?L y . dzi 1 SQa Ol aS3 isaricegtherd K& | &4 LIK
chance thatat least somef the equipment will need to be replacedlsing the move can be an
opportunity to revampfully the systems in place without further production disruption.

Conway Company (UK, 2011)

Description- The Conway Company built a state of the art facility known as the Benninghoven
asphalt plant. By completely enclosing the plant and providing appropriate insulation, the
company has realized major fuel savings through heat retention while simultarye@ekicing
emissions and noise level§he Conway Company was also able to contain both the mixing plant
as well as the recycling plant under one roof, which further reduced emissions now captured and
scrubbed together.Numerous studies have pointed otlie benefits of enclosing plants as a
standalone strategy and have estimated an average of approximately 8% fuel savings per year
(Ref 511). Enclosing the plant and generating as much asphalt as it can from RAP creates
significant emissions reductions@mcreases efficiencies.

Pros- Enclosing the entirety of the asphalt plant helps retain heat that increases the efficiency of
the plant. Furthermore, aggregates will be kept protected from the elements keeping them dry
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and reducing the need for furthedrying and unnecessarily expending energy. The plant
enclosure also keeps the majority of sound from operations contained and from escaping.

Cons- A costbenefit analysis must be conducted to justify the capital costs accompanied with
enclosing a plant Enclosing the plant may also create a larger visible eyesore to the community.

What does this mean for Butte? If Butte were to enclose their asphalt plarit,may help to
resolve many of the current issuegith the existing plant such as noise ana pollution.
Simultaneously, they can also increase their energy efficiency thereby reducing the costs spent
on fuel for the plant.

5.3REFERENCES FOR ASPHALT PLANT (DESIGN AND OPERATIONS)

Ref 51. US EPA2000)Asphalt Emission Assessment RepadcessedMarch 1, 2015, from
http://www.epa.gov/ttnchiel/ap42/chll/related/eareport.pdf

Ref 52. USGS (2014) Volatile Organic Compounds (V8&®ssedarch 1, 2015, from
http://toxics.usgs.gov/definitions/vocs.html

Ref 53. US EPA2013) Pollutants an8ources Accesséetpril 1, 2015, from
http://lwww.epa.gov/ttn/atw/pollsour.html

Ref 54. US EPA (20)IMational Ambient Air Quality Standar@scessed\pril 1, 2015, from
http://lwww.epa.gov/air/criteria.html

Ref 55. MODepartment of Natural Resourc€8004)Preventing Pollution at Hot Mix Asphalt
Plants. Accessedrebruary 15, 2015, from http://dnr.mo.gov/pubs/pub545.pdf

Ref 56. Sustainabldggregate$2010 Noise- Good PracticeAccessedarch 1, 2015, from

http://www.sustainableaggregates.com/sotesofaggregates/landbased/noise/noise_goodprac
tice.htm

Ref 57. Marini Fayat Grou2014)Atmospheric Emissionf.ccessed/arch 1, 2015, from
http://www.marini.fayat.com/en/asphalitechnologies/atmospheriemissions/

Ref 58. Aggregate Industries (200Aggregate Industries unveils new Centennial Facility.
AccessedVarch 1, 2015, from www.aggregates.com/_aius/news/2007/0805_WCRCent.cfm
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Ref 59. US EPA. IndustriStormwater Fact Sheet Ser{@d06)Accessedlarch 1, 2015from
http://water.epa.gov/polwaste/npdes/stormwater/upload/sector_d_asphalt.pdf

Ref 510. Asphalt Contracto(2012).How to Reduce Noiséccessedarch 1, 2015, from
http://lwww.forconstructionpros.com/article/10687375/becoming-better-neighborby-
reducingnoise

Ref 511. Mineral Products Associati¢?2014).Aggregate Portal Asphalt Plant Case Study.
Accessedviarch 1, 2015, from
http://lwww.aggregatescarbonreduction.com/resources/case_studies/Asphalt_Case_Study_2.0.
pdf
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6.0DESIGN AND OPERATIONERGN RESOURCES

Energy resources are a significant area of opportunity for both the shops and the asphalt
plant and as such, this section provides an overview of energy solutions and options that could
be applied to either facilitySeeAppendix Dfor a canprehensive list of Montana State energy
subsidies.

6.1ENERGY SOURCES

Currently, the shop and asphalt plant source their energy from the electricity grid and
from fuels such as natural gas, diesel, and petroleum. Alternative energy sources thaialpuld
NERdzOS .{. Qa SySNHe& O2aia FyRk 2NJ SyKIyOS adz

Cogeneratior Combined Heat & Pow&ystems

Combined heat and power (CHP), also known as cogeneration, is the simultaneous
production of electricity and heat from a sieduel source. The fuel source may be: natural gas,
biomass, biogas, coal, waste heat, orloilmost combustiopower plants, more than half of the
thermal energy released from burning fuel is not exploited for electricity generation but is lost as
excess heat due to the fundamental laws of thermodynamics. This heat is usually released
through cooling towers.

Solar Energy

Harnessing the sun and its power can greatly reduce the grid electricity demand of
facilities. According to an article from constructionpros.com, enclosed, partially solar powered
asphalt plants are a way to the future. Enclosing the space offers mucintgdteo cover the
large roof areas with solar arrays. In some plants, solar mirrors can be used to help heat the hot
oil that is used in asphalt productig®ef 61). In addition, the asphalt cement storage tank can
act as a battery, absorbing the soleat and excess heat from the asphalt production in the tank
for later use. Heat from the binder tank can then be used at night or onsoomy days when
heat is required.

Alternately, solar energy could potentially be used to power lights in the paddieas
during the night or to help light and power the shops when asphalt is not in production. Solar
energy would provide a clean alternative source of energy all year round. Solar installations can
also help the county shops combat some or all of thedcklcal expenses depending on load
demand and the amount of panels needed. In addition, solar installations would help BSB avoid
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peak energy prices in the summer allowing for the allocation of funds elsewhere. By avoiding
peak demand periods through these of solar energy, BSB would be contributing less CO2 into
the atmosphere as well as taking further stress off of aging power infrastructure.

Wind Turbines

Wind turbines, very much like solar, allows BSB to again create off the grid electricity thus
reducing their environmental impact as well their overall electricity Wiind power technology
captures the natural wind in our atmosphere and converts it into mechanical energy and then
into electricity. Due to technological advancemerisgay's wind tubine is a highly evolved
version of a windmill. Most wind turbines have three blades and sit atop a steel tubular tower.
The towers range in height from 80ot-tall turbines that can power a single home to utHity
scale turbines that are over 260 feetltaapable of powering hundreds of hom@she US has a
strong wind resource across the entire counffe current estimate of wind energy potential is
ten times the amount of electricity consumption for the entire country. By the end of 2013, the
US had wer 46,000 operating wind turbines across 39 states and Puerto Rico. The combined
production amounted to 61,110 megawatts (MW); enoughptawer over 15.5 million homes,
roughly the number of homes in six states. The United States gets 4.1 percent efctrsciy
from wind overall, but certain states use much more (R&).@ased on the potential for wind
power in BSB it would be advantageous to take into consideration wind power for both the
asphalt plant and shops.

6.2ENERGY MANAGEMEBNELECTRICITY

6.2.1Current State

During the site visit, the team ascertained that the shops do not have an Environmental
Management System in place with smart meters to adequately measure and track electricity
consumptioninRK 2 dza S® LG Aa 27 tiokeek eBidetnydesigrntiategies powerh vy (i S N
distribution systems, and electrical equipment that can best increase the building energy
efficiency and reduce energy consumption and therefore costs.

6.2.2lmprovement Opportunities

Technical strategies teeduce electrical load demariBef 63) include:
1 Equipment specificationSpecify energy efficient office equipment, including
computers, printers, and copy machines. Select equipment with the Energy Star label.
For computers, consider liquid crystal display screens in lieu of conventional monitors.
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1 Distortion minimizationMinimize the distortion effects of nehnear loads (personal
computers, etc.) on the power distribution system by using harmonic filters.

1 Power factor Improve the power factor by specifying appropriate equipmaeist
required.

1 Procure "right sized" equipmeror the job, not too large or too small.

1 TransformersUse KRated transformers, which are specifically designed to handle
non-linear loads, to serve nelinear equipment.

1 Efficient motorsTo reduce energy use, consider premium efficiency motors, ctstro
and Qrvariable frequency drives for motors greater than one horsepower.

1 Direct current utilizationUtilize direct current (DC) from the photovoltaic system, fuel
cell, orGanother source in lieu of conversion to alternating current (AC). DC may be
appropriate for Gertain applications such as discrete lighting circuits or computer
equipment.

1 Avoid electromagnetic pollution/exposureocate high concentrations of electricity
(such as Qpanel boards, transformers, or motors) away from building
occupantspersonnel. If necessar@nstall electromagnetic field (EMF) shielding.

Management of Peak Demand

Traditionally, energy efficiency savings are measured in terms of annual energy in kilowatt
hours per year. However, in order to make a true assessmenti@ade a higher value of savings,
it is necessary to consider peak demand (usuallysammmer) and the implementatioaf time-
differentiated saving¢Ref 64).

1 Engineering Algorithms?eak demand savings can be estimated using algorithms.
There is a riccamount of literature on powedown mechanisms, ranging from
algorithmic, stochastic and learning based approaches. Many hardware and system
engineers have longed explored new directions to reduce energy consumption. As a
result of peak demand and the ne¢d reduce energy consumption from processes,
there has been an uptick in considerable research interested in creating algorithmic
techniques to save energy.

1 Hourly Building Simulation ModelingHourly building simulation modeling can
produce hourly savigs estimates for whole buildings as well as for speeifit uses.
These models can be produced in a wide array of software services. In addition,
building simulation modelling is means of estimating peak demand and time
differentiated energy savings. Auilding energy simulation model combines building
characteristic data and weather data to calculate energy flows.
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1 Billing Data Analysi®illing data analysis can be used to develop monthly estimates
of savings.This type of analysis entails statisticamparison of pre and post
participation and participant or nonparticipant or both participant and nonparticipant
billing data to estimate savings. A complex statistical analysis may be required to
control for nonprogrammatic influences, such as weatlaed economic conditions.
Also, isolating the impacts of a specific measure can be difficult because the meter
measures usage for an entire buildirfcrutinizing and comparing billing data gives
cities and counties like Butte a place to begin to understahdre potential savings
may be gained. This analysis gives insight as to how they can better utilize energy and
identify saving projects they may implement to their best advantage. It is important
to note that prices and programs vary based on locatigujement, and demand just
to name a few. Interpreting and tracking bills is the first step in understanding how
energy is being used.

1 Interval Metered Data Analysisltility revenue interval meters can measure usage at
in increments of 15 minutes or lesBecause consumption during different periods
may be billed at different rates, these meters provide a means for analyzing a
customer's load pattern. The interval meter data analysis is essentially the billing data
analysis discussed above but with a fitiene resolution.It can help Butte and the
county shops better utilize their electrical demand based upon lower rates for service
providers.

1 EndUse Metered Data AnalysiEnduse metering data analysis is known @s
excellent means of estimating peak dand or timedifferentiated energy savings. As
with billing and interval data analysis, ende metering data analysis entails a
statisticalcomparison of preand postparticipation and participant or nonparticipant
or both participant and nonparticipantiling data However, eneuse metering
StAYAYIF(GSa Y2aleA¥F y20 tfe2F GKS RAFTFAC
measures.

6.2.3Environmental Implications

The generation of renewable energy displaces the use of conventional fossil fuels and/or
grid electricity and therefore reduces environmental impacts such as GHG emissions, air
pollutants, and reduces water consumptigkdopting energy reduction strategiesd improving
energy management systems will reduce GHG emissions and air pollutants. These strategies of
improved tracking yield increased benchmark performance relating to direct fuel consumption
(Scope 1 emissions) and electricity consumption (Scapaigsions).
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6.2.4Economic Implications

Table 6-1 (below) summarizesrelative cost and accuracgf several energy management
approaches.Reducing energy consumption for both fuel and electricity reduces the cost of
energy to BSBTherefore, if renewableon-site generation is installed, utility bills will likely
decrease. To quantify potential financial savings associated with renewable energy production,
technologyspecific cosbenefit analyses are recommended.

Table 61 Energy Management ApproachéRef 65)

Relative Potential
Approach Comments
Cost Accuracy

Engineering Low Low Accuracy depends on the quality of the input
Algorithms Moderate assumptions as well as the algorithm

Hourly_ Simulation Moderate Moderate Input assumptiongre again important, especially

Modeling for HVAC and shell measures

Typically not useful for peak demand or on/pkak

energy analysis

Though not universally available\ahced

Moderate High metering infrastructure (AMI) is becoming more
common

Billing Data AnalysiModerate Moderate

Interval Meter Data
Analysis

6.3 CASE STUDIES FOR ENERGY RESOURCES

6.3.1 Combined Heat anBower(US, 2015)

Description- Combined heat and powe€HP) is not a single technology; rather, it is;éegrated
energysystemthat can be modified depending upon the needs of the energy end user. CHP
provides:
1 Onsite generatiorof electrical, mechanical power or both;
1 Wasteheat recoveryfor heating, cooling, dehumidification, or
manufacturing process applications; and
1 Seamless system integratidior a variety of technologies, thermal
applications, and fuel types into existing building infrastructure.

59



BUTTESILVER BOW COUNTY SUSTAINABILITY WORKBOOK

The two most common CHP system configurations arga&@)jurbine or engine with heat
recovery unit, and (dteam boilerwith steam turbineFigureém A f f dzZ2A G N> 6 S& G KS LJ
GdzNDAYSE 2NJ aSYy3aAYyS GAGK KSIFG NBO2@SNERE dzyAl o
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Figure 61: Gas Turbine UnjRef 66)

Gas turbine or reciprocating engine CHP systems generate electricity by burning fuel
(natural gasor biogas) to generate electricity and then use a heat recovery unit to capture heat
from the combustion system's exhaust stream. This heat is converted into useful thermal energy,
usually in the form of steam or hot water. Gas turbines/engines are idealbgd for large
industrial or commercial CHP applications requiring ample amounts of electricity and heat

Pros- CHP systems achieve a fuel use efficiency of up to 85% compared to best thermal plant
efficiencies of 55%. Additionally, they achieveedreduction in the greenhouse emissions, air,

and water pollutionIn cold climates, cogeneration is one of the most dzeteficial techniques

of lowering carbon emissions for heating. Due to the proximity of CHP plants to where the power
is needed, massiv production outages are less probalbecause it is less dependent on
transmission systems, which can be overloaded. Shorter transmission lines are needed, and
transmission power loss is reduced for the same reason.

Cons- In order for CHP plants to eost viable, a certain match between electricity and heating
needs is required. While larger CHP plants are mostefbsttive in terms of electricity cost,
because of rapid heat loss over distance and high cost for insulating pipes, smaller CHP plants
with more expensive electricity generation are constructed. The capital and maintenance cost
for a CHP plant construction is higher than those for a conventional plant. Regulatory barriers in
some countries (e.g. in the US, present a major issuth@ospread of CHP systems).
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Why does it matter to Butte2¢ KS Ay Rdza G NAIFf LI N)] 2y GKS OAGeQ
a logical location for the asphalt plant (Section 3). Proximity to the existing power plant at Basin
Creek offers an excellent opportunitg harvest waste heat for immediate use and to supply
electricity with less dependence on transmission networks. Waste heat is of real interest for two
reasons:

1 Winter scenarioWaste heat from the power plant can be used to heat the
occupied portion of tk asphalt plant. The shops and other commercial,
institutional and industrial buildings located in the Park could also be heated.

1 Summer scenarioDuring the time that the asphalt plant is most in demand,
waste heatfrom the power plant can be used to pteat theasphalt mix. Pre
heating the mix casignificantlyreduce the demand for dedicated combustion in
the asphalt preparation process ief 6-7).

6.3.2 Hydrogen Powered Asph#ttant(US, 2011)

Description- This lowa State University case study assesses the installation of a wind turbine on
site at a hot miyplant (HMA), which will harness energy from the blowing wind. The goal is to
use the power generated from the wind turbine to meet the load demand afcaiponents (or

at least the major energy consumers) of the HMA plant.

The study explains hoexcess wind power will be diverted to an electrolyzer to generate
hydrogen that can be stored using different options, the most feasible ones being compressed
energy storage and metal hydride hydyen storage. A hydrogen storagiend energytechnology
constructed on site would house the hydrogen storage tanks (Fig@e 6

The installation process would go as follows: one or more wind turbines are instalted at
site. Electricity derived from wind energy is then stored chemically in the form of hydrogen,
which can later be used to generate electricity via a fuel cell when needed. In times of excess
wind, electrical energy is generated and stored in hydrogamks as noted above. When
required, hydrogen is then discharged from the tanks and is routed to the drum mixer and fuel
cell stack. The drum mixer then uses the hydrogen as its main fuel for the burner instead of the
traditional use of fossil fuels.

Pros- An advantage is the use of free, readily available wind energy. The wind energy will reduce,
and in some cases eliminate the electricity drawn down from the conventional power grid and
offset the use of fossil fuel for drum mixer operatioi$irough theuse of hydrogefrbased
energy, the primary sources of greenhouse gas emissions from the HMA guldrdan be
significantly reduced and the resulting cost savings can be significant.
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Figure 62: Schematic of HaWlix Plant Powered by Hydrog&ased Wind Eergy (Ref 68)

Cong; This technology has yet to be implemented in practice and is a feasibility Jtue\study
proposes different types of energy storage, hese methods require further testingpr
efficiency and application purposes.

What thismeans for Butte? It is important to investigate further wind potential from site to site

as well as some of the negative externalities that exist (noise disturbance, potential loss of bird
population, visual impact). Lastly, this is a very progressieerdtical study that has much
potential for BSB to be a pioneer in the wind energy field.

6.3.3 Solar Covered Asphdtants(US, 2011)

Utilization of solar energy through installationmfiotovoltaic P\) panelspresentsa great
opportunity for BSB at both facilitieg.variety of partners and providers provide financing and
capital so that installation of panels can take placa a¢latively low upfront costSolar World
USAand Solar Citgre kading solar PV italation and leasing companies.

9EI YL Sa 27F {<udcdssfuprejexiblihcide! { ! Q&
1 UT Medical Center, San Antonidl'his 248 kWp SolarWorld system serves the
University of Texas Medical Center in San Antonio, Texas. The system was installed in
2011, combining parking canopy and rooftop solar arrays. In the first year of
operation, the system exceeded the expected energy outputdy 5
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1 El Dorado Irrigation Districthis 1 MWp system serves the El Dorado Irrigation District
in El Dorado Hills, CalifommiThe system has been producing energy to support the
district's needs since January of 2008 with remarkable performance. Predicted energy
output has been exceeded by 10% in the seasonal climate of Northern California.

1 Oregon National Guard, Christmas gl This 150 kWp rooftop system serves the
Oregon National Guard in Christmas Valley, Oregon. The system stands on three
emergency response support facilities and has been performing well above
expectations during the first seven months of operation. Attenergy output has
exceeded predicted energy output by %2

Examples of Sol@ityQa & dz00SaafdzZz LINRP2SOGa AyOf dzRSY
1 City of Sacramento, Los Angeles Unified School District, eBay, and Walmart.
1 Solar Cityre also known for thetigh-quality products andervice and have received
Fy ! é NFYradAy3dI FNRY (GKS NG & SNve.odra 023\85a O.2d
is its proprietary solar panel mounting technology called Ze&fep solutions
substantially reduce the cost and complexity of designing, shippiagghousing and
installing PV systems.
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Figure 63 Solar City Solar Panels in SacramfRed 69]
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6.4 REFERENCES FOR ENERGY RESOURCES

Ref6l./ £t SI @SNE [ ® ownanmno ! 221 4G G2Y2NNRgQa ! 2
http://lwww.forconstructionpros.com/article/10449626/dook-at-tomorrows-asphaltplant

Ref 62. Siemens (2013WinR mMamY ¢KS . lFaAaoda 2F 2AYR 9ySNHe:¢
http://www.awea.org/Resources/Content.aspx?ltemNumber=900

Ref 63. City ofNew York Department of Design and Construc{i®99) High Performance
Building GuidelinesPublication. New York: Department of Design and Construciocessed
April 20, 2015 from http://www.nyc.gov/html/ddc/downloads/pdf/guidelines.pdf

Ref 64. Sten, Frank, Navigant Consulting, and Subcontract Regbipter 10, Peak Demand
and TimeDifferentiated Energy Savings Cr&agting ProtocolsThe Uniform Methods Project:
Methods for Determining Energy Efficiency Savings for Specific Med206): 1+Chapter
10: Peak Demand and Tidmsfferentiated Energy Savings Craagting ProtocolsNational
Renewable Energy Laboratory, Apr. 2013. Web. 12 Mar. 2015.

Ref 65. Stern, Frank, Navigant Consulting, and Subcontract Repbapter 10, Peak Demand
and Tme-Differentiated Energy Savings Cr@asiting Protocols: The Uniform Methods Project:
Methods for Determining Energy Efficiency Savings for Specific Me@sargsn. pag. Apr.
2013. Web. Apr. 2015.

Ref 66. Center for Climate and Energy Soluti¢d814).Cogeneration an€€Combined Heat and
Power. Accessl March 15, 2015 from
http://lwww.c2es.org/technology/factsheet/CogenerationCHP

Ref 67. Heatec (1999). Heating and Storing Asphalt at HMA Plants. Accessed March 13, 2015
from http://www.heatec.com/literature/technical/F140.pdf

Ref 68 Gopalakrishnan K. et §2001).Use of Hydrogen from Renewable Energy Source for
Powering HotMix Asphalt PlantAccessed March 17, 2015 from
http ://www.ijtte.com/uploads/2012-03-20/d4c8811d9910-7bc6p4.pdf

Ref 69. Solar City (2012) City of Sacramento. Accessed March 2, 2015 from
http://lwww.solarcity.com/commercial/governmensolarprojects/city-of-sacramento
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/.0ROADWAY FABRICATIONMANAGEMENT

Both the shops and the asphalt plant are integral to roadway fabrication and management
throughout BSB. This section addresses the most significant environmental impacts associated
with roadway fabrication and management, discusses how tseséces can be managed more
efficiently, and identifies case studies to showcase best practice and technological innovation
opportunities.

Figure 71, adapted from theU.S. Department of Transportation Federal Highway
Administration Ref7-1) identifiesthe life cycle stages of pavement. Each stage of the life cycle
contains environmental risks and opportunities, from production techniques, to maintenance, to
transportation, to disposal and should be considered during procurement and operational
decisionmaking.
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Figure7-1 Pavement Life Cycle Stages
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7.1AIR EMISSIONS RELATING TO FABRICATION

7.11 Air Emissions Overview

According to US EPA, the majority of air emissions that occur from roadway paving
activities are volatile organic compounds (VO&g] hazardous air pollutants (HARRef 72)
Emissions associated with VOCs can be calculated using readily available factors. Emissions
associated with HAPs are less standardized and require specific asphalt content information to
be estimated.

7.1.2Types of Asphalt by Impact

The way in which asphalt is manufactured effects its emissi@Rest 72) Figure 72
illustrates relative impacts of emissions from four typical asphhufacturing processes.

Figure 72 Impact Rank by Asphalt Types

7.2WATER POLLUTION RELATING TO ROADWAYS

7.2.1WaterPollution Overview

According tadhe US EPfRef 73) runoff pollution occurs when rainwater or melting snow
washes over roads, bridges, parking lots, and other paved surfaces. Pollutants which accumulate
on these surfaces including dirt, dust, medaposits, road salts, antifreeze, engine oil, pesticides,
fertilizers, discarded cups, plastic bags, cigarette butts, pet waste and other litter are flushed into
the surrounding ecosystems and groundwater during a rain or snow event. Taldarmarizes
roadway contaminants and their effects
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Table 71: Roadway Contaminantand Their Effect§Ref #3)

Contaminant
Sediment

Erosion

Fertilizers,
Pesticides &
Herbicides

Oils and
Grease

Heavy Metals

Debris

Road Salts

Description Effect

Sediment is produced when soil  Erosion around bridge structures, roe
particles are eroded from the land pavements, and drainage ditches car
and transported to surface waters. damage and weaken these structure:

If these are applied excessively ol In rivers, streams, lakes, and bays,

improperly, fertilizers, pesticides, fertilizers contribute to algal blooms

and herbicides can be carried by and excessive plant growth, and can

rain waters from the green parts o lead to eutrophication. Pesticides anc

public rightsof-way. herbicides can be harmful to human
and aquatidife.

Oils and grease are leaked onto = Rain and snowmelt transpbthese
road surfaces from car and truck pollutants directly to surface waters.
engines, spilled at fueling stations

and discarded directly onto

pavement or into storm sewers

instead of being taken to recycling

stations.

Heavy metals come from some  Heavy netals are toxic to aquatic life
"natural” sources such as minerals and can potentially contaminate

in rocks, vegetation, sand, and sal ground water.

Heavy metals also come fromrca

and truck exhaust, worn tires,

engine parts, and rust.

Grass and shrub clippings, pet Unsightly and polluted water. Pet

waste, food containers, and other waste from urban areas can add

household wastes and litter. enough nutrents to estuaries to caust
premature aging, or "eutrophication."”

In the snow belt, road salt can be ¢ Snow runoff containing salt can

major pollutant in both urban and produce high sodium and chloride

rural areas. concentrations in ponds, lakeand
bays. This can cause unnecessary fi
kills, changes to water chemistry, anc
harm vegetation.
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7.2.2Managing Water Pollution from Runoff

According to US EPRédf 74), management techniques to reduce pollution from runoff
include but are not limited to:
1 Programs, education and campaigns
- Pollution prevention plans to reduce the amount of pollutants released
- Protect areas that provide important water quality benefitsave
particularly susceptible to erosion or sediment loss.
1 Built environment/physical provisions
- Storm water retention/ detention ponds
- Slope protection
- Grass strips
- Temporary sediment traps
- Silt fences
- Diversion trenches
1 Behavioral changes
- Provisions fowashing vehicles before they leave the construction site
- Limit land disturbance such as clearing and grading and cut fill to reduce
erosion and sediment loss.
- Ensure proper storage and disposal of toxic materials.
1 Planning, construction and implementation
- Limit disturbance of natural drainage features and vegetation.
- Place bridge structures so that sensitive and valuable agquatic ecosystems
are protected.
- Incorporate pollution prevention into operation and maintenance
procedures to reduce pollutant loadings surface runoff.
- Develop and implement runoff pollution controls for existing road
systems to reduce pollutant concentrations and volumes.

7.3RECYCLING

7.3.1Recycling Overview

Recycling of roadways saves money and natural resources. Though ui tof @&phalt

z

is recyclablgRef 75). { . Qa FaLKIfd LI Iyl OdaNNByildfte 2yfeée |
materials into its asphalt production.
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I { 9Wdst@ Reduction Mod€WARM) is an online tool that allows users to estimate
greenhouseas (GHG) emissions based on waste management practices associated with asphalt.
The model uses factors for landfill, incineration, recycling, and transportation emissions
associated with asphalt's eraf-life. Figure 63 visualizes the boundaries of tiéARM model. It
is recommended that BSB refer to this tool when establishing best practice and setting baseline
environmental performance targets for roadway recycling.

Exhibit 1: Life Cycle of Asphalt Concrete in WARM
Raw Material Acquisition,
Processing, & Transport
[Virgin Manufacture Only)

Life-Cycle Stages That

Haot bix Asphalt
Production: Asphalt Concrete
Recycling Offsets Crushing
Virgin Manufacture

Are GHG Sources
[Positive Emissionz)

T AT —
| in WARM .

Steps Nat Inciuded in
VAR

Transport to
Roadway
Project

Moot Modeled for This
Material

Extraction/Recovery Transport to Asphalt

of Asphalt Concrete bdiking Plant

Extraction/Recovery
& Transport to Landfilling
Landfill

Mot
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Meodeled

Figure 73 Life Cycle of Asphalt Concrete in WARBF 76)

Combustion

End of Life

Composting
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7.4AMAINTENANCA_TERNATIVES

7.4.1Delcing Approaches

Using road salt as a winter ice management tool on infrastructure can lead to a number
of issues including roadway damage and increased need for maintenance, harm to local animals,
plant life, humans, and pets.

Alternative deicers that are less harmful to infrastructure and the environment incjude
calcium magnesium acetate, calcium chloride, magnesium chloride, beet or corn solution,
potassium acetate, and solar roadalternatives include sand, Calcium MagnesiAgetate,
Calcium Chloride, Magnesium Chloride, Beet or Corn Solution, and Potassium Acetate, all of
which are described below.

Sand- Sand does not melt ice, but it's widely used alongside salt and oth@retle to create
traction. Economically, sand costs less than all majeiciigy chemicals, including salt. Though it

is a cheap alternative material, sand can clog storm drains, wtéch increase costs to
municipalities for clean up and flood management. Additionally, sand loses its effectiveness after
it becomes embedded in snow and ice. Sand also clouds up streams and other waterways,
preventing sunlight from reaching some aquatianis and burying life on stream be(Ref 77).

Calcium Magnesium Acetate (CMAMA is the most ecyiendly according to the University of
Michigan'sSalt Use Improvement Tea(Ref 78) CMA has low toxicity, which reduces the
damage to plants and migbes often caused by salt. CMA works in the same temperature range
as salt (down to 120° F). From an economic standpoint, CMA is more expensive than salt and
requires approximately twice as much product to achieve the saméidg results. Large
amourts of CMA can lower dissolved oxygen levels in soils and water bodies, which has been
proven to harm aquatic liféRef 79).

Calcium ChlorideCalcium chloride is effective down 485° F, compared to salt which only works

to approximately 15F. Calcim chloride is less harmful to plants and soil than salt, though there

is scientific evidence it may damage roadside evergreen t(Re$ 710). Calcium chloride
releases heat as it dissolv@i®ef 711). Using calcium chloride can reduce resalt usage by0-

15%. Disadvantages include high cost compared to salt, corrosivity to concrete and metals, and
residue damage to carpets when tracked indoors by users.

Magnesium Chloride Magnesium chloride works at temperatures as low-a% F. It is less
harmful to plants, animals, soil and water than saind does not regire post application
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cleanup It attracts moisture from the air, which speeds up the process of dissolving and melting,
and is typically mixed with sand, brie other de-icers before it's s@yed in liquid form onto
roads. Disadvantages include corrosivity to metal, and high cost compared to salt.

Beet or Corn Solution Beet juice and agricultural by products from alcohol distilleries are
carbohydratebased liquids that help block ice fortian. Beet and corn solutions, when mixed
into a brine (a liquid combination including salt), can work better than salt alone. These
compounds work at temperatures as cold-a5° F, similar to calcium chloride, but do not have
the same environmental riskess other chemicals. Beet and corn solutions do not corrode metal
and pose no major threat to wildlife or people. Since they're made from organic matter, they
may have a strong oddRef 712).

Potassium AcetateBest used as a piwetting agent for solid décers, potassium acetate works

in temperatures as low as/5 degrees Fahrenheit. Potassium acetate is-oomosive and
biodegradable, and requires fewer applications than many othecdes. Disadvantages atteat
potassium acetate it can make road surfaces slick and lower oxygen levels in water. Cost is the
largest disadvantage, potassium acetate costing on average about eight times more tl{&ef&alt
7-13).

7.4.2Management Techniques

Apart from selectindess impactful decing agents, more efficient use of -iters can
result in environmental benefitsRoadWeather Information System@WIS) are particularly
beneficial. They use roadside sensors to collect data on air and surface temperatures,
precipitaton levels, and the amount of deing chemicals already on the road. Data from road
weather information systems are collated and used alongside weather forecasts to predict
changes in pavement temperatures, which allow municipalities to better estimatedid area,
timeframe, and amount of dé&ing agents needed to manage extreme weather adequately.
According to the Federal Highway Administration, the Massachusetts Highway Authority saved
$53,000 on salt and sand costs the first year alone after emmogWIS, including $21,000
during a single storrealt (Ref 714).

7.43 Technology

Rebuilding and maintenance of roadways can be done with two different methods. One
is to lay a new base, which requires more nfenurs, vehicles, and materials. The other is called
FullDepth Remediation, which reuses the old asphalt and base materialild the new road.

This method eliminates the need to haul in aggregate or haul out old material for disposal. Truck
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traffic is reduced, and there is little to no waste. Figuré $hows relative performance of both

FullDepth Reclamation and New Base acdd A Y RA Ol 12 NR Ay Of dzZRAY 3 ay d:
GySs NBIFIRglLe& YIGOGSNARIFf&aAZeé aYlF GSNRREf ZI5LIVIRFAL € ST
important to note the significant savings associated with-diepth reclamation compared to

new base.

Energy Use and Materials

Full-Depth Reclamation vs. New Base

I

12

Number of Trucks Needed

4,500
(4,100)

New Roadway Material
tons (metric tons) | 300 (270)

2,700
i e — £5,100)
cbic yard (m?) | ©
3,000
T _ S
galton (liter) 500 (1,900)

. New Base D Full-Depth Reclamation

Based on 1 mile (1.6 km) of 24-foot (7.3-m)-wide
2-lane road, 6-inch (150-mm) base

Figue 74 Full Depth v. New Base

7.5ROADWORK CASE STUDIES

7.51 Cement HydratioiineticgUS, 2010)

Description- The purpose ofhis project was to develop cement hydration kinetics modeling
research(Ref 716).The focus will be on defining the causes at the onset and end of the induction
period of alite, which controls set, strength, and subsequent microstructural development. Th
researchers will also use new experimental methods capable of measuring chemical and
microstructural changes on the nanometer to micron scale during hydration.

Pros-¢ KS 321 f A&a (2 dzaS GKA& AyaixakKad §2redicty LIN2OS
hydration kinetics and microstructure in the presence of supplementary cementing materials
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(SCMs). SCMs include fly ash, slag and metakaolin, and can be found in organic admixtures. The
model will then inform road management in the future.

Consg Study ends July 5, 2015 and results not yet available.

What does this mean for Butte?The findings report is to be published in July 2015, which will
summarize new asphalt mixture options and mixture design, which could be adopted by Butte.

7.5.2Compesite Pavement{Germany, 2015)

Description- The amount and content of heavy traffic with high axle loads on motorways is
steadily increasingRef 717). To date, municipalitiesnost often use traditional asphalt and
concrete pavement surfaces when building roadways. They are designed for a service life of 30
years, if necessary maintenance measures are implemented. To guarantee mobility in the future,
and to maximize the servidde of roadways, necessary maintenance procedures must be made
with a minimum of traffic interruption will be needed. Traditional pavement structures may not
be able to fulfill these requirements in the future. Going forward, asphalt and concrete in
combiation (composite structure) with new techniques and technology can provide a potential
solution to how we may build roads that have increased longevity.

Pros¢ Improved composite structure increases lifespan of roadways and reduces maintenance
and operatonal costs.

Consg Composite structures have higher upfront cost. Findings from German pilot study not yet
published.

What does this mean for Butte?Butte might consider utilizing the findings of this study to make
the business case for expanding guztion of composite pavement mixtures and improving road
performance, thereby reducing the environmental impact of roads.

7.5.3Design for Extremé@/eather(Netherlands, 2015)

Description- The project(Ref 718)assesses at the implications of:
91 Drainageand treatment (pit) system capacity;
1 Water absorption and drainage capacity of roadside soils;
1 Geotechnical parameters for road constructions in relationship to drought, heavy
rainfall, freezing; and
1 Integrated design parameters to cope with all weathgstems.
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Pros¢ The project will allow for adoption afesign features known to reduce negative impacts
from extreme weather conditions.

Consg High upfront costs

What does this mean for Butte?
Butte might consider adopting some or all of the final design strategies to manage extreme
weather, particularly winter weather.

7.5.4Geothermally HeatinfRoadqGermany, Netherlands, US, and Jaj249Q7)

Description- Outside surfaces can be heated geothermally with hydronic heat exchangers
installed directly in to in the pavement. The heat exchangers absorb heat from the roadway that
has been heated by thsun. Heating capacity depends on the climatic conditions and the system
specifications installed. Snow melting requires higher system temperatures than what is required
to prevent iceformation. Low system temperatures implicate an anticipatory operationtrol

(Ref 719).

There are various system designs that are suitable. Various sources may be used: direct
use with geothermal hot water (normally bound to special geothermal conditions); direct use of
warm or cold groundwater; direct use of borehole aheexchangers or energy piles. A
combination system with a heat pump may also be considered.

Pros- Geothermal snow melting or deing system is a smart and environmentdfigndly
alternative to the common mechanical and/ or chemical winter maintenance. There is also a big
advantage to this method since the heat is available in the day as welhaghgteliminating the

need of a costly starly emergency provisions. During heavy snow fall, the geothermal heating
prevents the freezing of the roadway surfaces. Mechanical clearing becomes easier and less
costly even during periods of low temperatures.

Cons This method of geothermal dieing works best on a flat roadbed. BSB roadways are, for
the most part, at a gradient.
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Figure' 75 Geothelrmal decing

What does this mean for Butte?If Butte were to consider a geothermal heating option for their
roads, they would be able to avoid costly repairs (roads & equipment), reduce labor hours, as
well as avoid environmental concerns of using deicers.

7.5.5So0larRoadqUnited Kingdonm2005)

Description-L Y 0 SNESF a2yt | SFd ¢NIYaFSNI 6LI ¢ud AydS,y
based sustainable energy firm ICAX Ltd is adost, lowmaintenance process that collects solar

energy from road systems and stores iTimermalBank$or use in clearingce from road surfaces

in winter (Ref 720).Figure 77 shows ThermalBanks near the Toddington, M1, here where solar

energy is captured from the road in summer.

Pros- Black roads tend to absorb the heat of the sun up to the point when they radiate heat as
quickly as they are absorbing it: the surface temperature of roads in direct sunshine can often
reach 59° F higher than the ambient air temperature. ICAX colleasusing fluid circulating
through an array of pipes embedded in the surface of the road and deposits it in ThermalBanks
constructed beneath the insulated foundation of buildings. The temperature across a large
ThermalBank can be increased from its nattemperature of 10°C (50°F) to over 25°C (77°F) in
the course of the summer months.

Congg Installation upfront costs can be high.

75


http://www.icax.co.uk/ThermalBanks.html

BUTTESILVER BOW COUNTY SUSTAINABILITY WORKBOOK

Summer Winter

I__A
.0

\ icax Solar

Yy 1.Solar Energy ADS Collector 4.Heat Energy Released

.

Insulation Layer

icax Thermal Store

2.Heat Transferred to Earth Thermal 3. Heat Released from store via heat

“Store via Pipes transfer pipes
N y

icax.

Figure 77 Toddington M1 Thermal Bank
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What does this mean for Butte? Thetechnology, which uses underground ThermalBanks to
store solar energy collected via tephalt Solar Collectan the road surface into usable power,
could make a significant contribot to reducing global warming by cutting fossil fuel use while
providing a clear road by eliminating what is considered as standard and routine maintenance.
Further, the use of ThermalBanks can also extend the life of roads by reducing peak summer
temperaures and increasing low winter temperatures at the road surface.

7.5.6Induction Healing oRoadqNetherlands2010)

Description This articlallustratesthat the healing capacity of porous asphalt concrete with steel
wool fiber is enhanced by induction heatirf@prous asphalt concrete fortified or strengthened
with steel wool fiber cangreatly restore its stiffness andtrength Steel wool fibers were
incorporated into asphalt mastic and porous asphalt concrete to make roadways electrically
conductive and suitable for induction heating. The electrical conductivity and induction heating
speed of asphalt mastic and porous asphalt concrete Viiese studiedin this researci{Ref 7

21).

Prosc Longer lifetime of asphalt.
Cong Increased energy cost from heating energy demands.

What does this mean for Butte? This study is based on a thesis paper where trials were
conducted on Dutch motorway A58 and, despite its theoretical success, the science still needs
some more studying. This study can be used as a reference or used as a motivational tool to think
outside of the box. If the technology were employed it would help limit the amount of repairs on
the road and possibly reduce the amount of time it takes to make a repair.
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8.0STAKEHOLDERS
8.1PROPOSED PROCESS

Stakeholders are both groups and individuals that have an interest in the objectives and
FOGA2ya 2F Iy 2NHIFIYATlIGAZ2Y o6Soaos | O2YYdzyAde
types of stakeholders engaged in its issue and the depth of theagargent. A conceptual view
2F adl1SK2ft RSNA AYyUiSNBaluSR Ay (GKS t20FGA2y |y
in Figure 8l. The intent of this stakeholder map is to illustrate the types (or groups) of
stakeholders impacted by the scope ofghgroject as well as a representative cresstion of
LI NGAOALI yiao ¢CKA&a YIL KAIKEAIKGaAa 620K GKS O
stakeholders, including (for example) individuals, community organizations, government
representatd Sa > | YR o0dzaAySaasSao I RSOGFAESR Iyl fe&an:
their potential influences was beyond the scope of this capstone project. However, an exemplar

approach from the Center for Urban Pedagogy(CUP) is described below (see
www.welcometocup.org).
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Figure 81 Stakeholder Map
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CUP is a nonprofit organization based in New York, New York that specializes in improving

the quality of public participation and education concerning urban planning and community
design. Their desigms and advocates produce tools, workshops, and publications that explain

O2YLX SE L32f A OA
in Table 81.

Table 81 CUP Methodology

Sa 2NJ LINPOS&aasSa T2NJ aLISOATAO I d
RSaA3IYyZ YR NI (2 O2y@dSe& ONRGAO!I fissummidizzdNy | A 2

Goal Criteria and Examples
1 Make sure questions, and informational tools are
Speak the language of the meaningful and easy to understand
audience 1 Examples: community organizations, educators, and/or
residents
1 Interact directly with community members

Identify key stakeholders

1
Collect and record
community input

1
Create visual i
communication products = q
Make the information E

accessible

Iy SEI YLX S
/'t Q&4 ARSIa ¥F2

aidl 1SK2f RSNA ®

Examples: individuals, community organizations, local
institutions, and/or government representatives

Get feedback on the decisiemakingprocess and topics of
interest, and use interactions to gather support and begir
building consensus

Examples: interviews and workshops

58508t 2L) G22ta GKFG | NB dza.
Examples: posters, flyers, cantiooks, and videos
Engage the target audience in their language

Examples: tactile tools, humorous and other hon
intimidating approaches, and distribute widely

2T /!t Qa 2 dEiFoltm purpase of INcEpstenS, R A Y

NJ | Lizo € A O Ay T2 N)Thépfogoyediapbis? f
described in Table-8 (below). BSB can use this tool as a way to educate and engage with
¢ KcBrzdpds dnd exaniplesswouldib& Bpregedtad irkaa-info

g S N.

graphic used to convey (a) why the shops and asphalt plant are needed, (b) what moving the

shops and asphalt would mean

to BSB.
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Table 82 Stakeholder Considerations
Concept Examples

1 Stakeholder engagement
Transparency gbrocess _
1 Public comment process
Preserve history, and move  { Economic growth
toward future 1 Celebration of history
1 Miles driven by BSB vehicles (total)
- Miles plowed
Scale of utility to community - Miles patrolled by police
Miles of roadresurfaced
Number of cleanouts at hydrodynamic devices
Improve safety/ reduce accidents
Avoid travel delays
Avoid vehicle damage
Schedule
Design Constraints
Cost toConstruct
Accessibility
Sustainability Opportunities
Shareholder Impact
Ecosystem Impact
Emissions/ Dust Impact
Noise/ Vibration Impact
Visibility
Renewable onsite energy generation
Modular facility design
Alternativede-icing agents

Impact of operations on
G2oyallS2Li SQa
convenience

Things to consider

Ideas to reduce negative
impacts

=4 =4 4 4 4 -4 -4 -5 -5 -5 -3 -5 -5 -9 -9 -2 -°

8.2SUMMARY OF LOCAL STAKEHOLDERS

The stakeholder output is based on information gathered during the site visit, while
conducting interviews with stakeholders, and while consulting with external experts on
stakeholder engagemenRelatioships between stakeholders were mapped using an interest
influence grid, which is a common stakeholder analyesl [Ref 81 and Ref &]. Key
stakeholders, by type, and their respective perspectives are provided for each candidate site in
Appendix F (Taes F1 through F5).
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8.3REFERENCES FOR STAKEHOLDERS

Ref 81. Eden, C. (1996). The stakeholder/ collaborator strategy workshop. Creating
collaborative advantage. London: Sage5$4

Ref 82. Thompson, R. (2012). Stakeholder Analysis. RetrievechMar 2012.
http://82.223.242.55/Lists/Informes/Attachments/711/stakeholder_analysis.pdf
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9.0CONCLUSIONSID RECOMMENDATIONS

9.1 CONCLUSIONS

An analysis of sustainability impacts associated with industrial facility relocation was
completed as &ustainability Managemernapstone Project. Results are based diteaature
review and deslbased research, and a site visit that included interviews with BSB employees.

These results are summarized in tBigstainability Workboqglkwhich is intended tde a

P A

NBE&2dz2NOS RdAzZNAYy3I GKS NBf20F A2y LINRP2SOdGoauvs Iyl
is designed to be adaptable and updateable by BSB as more information becomes available (i.e.,
a living workbook), and includes:

1 Aresearch database #lis searchable by key word;

T {dzYYI NAS&a 2F GKS &adzaidlAylroAtAde FaLsSoha
project;

1 Case studies applicable to site selection, facility design, operation, and product
end-use;

1 A dynamic spreadshediased site selectiorubric; and

Preliminary assessment of stakeholders and a template for further evaluation.

1 The following case studies:

=

Potential of Greywater Systems to Aid Sustainable Water
Management

Site Selection Olympic Sculpture ParkBrownfield Redevelopment
aL¢eQa tNR2SO0 F2NJ wSOf I YIGAz2:
Collective CoffeeBrownfield Redevelopment
Toronto Lighting Retrofit

Potential of Greywater Systems to Aid Sustainable Water
Management
Design and Operations geqdington Zero Energyevelopment
Maintenance Shops Air Force Design Guide for Vehicle O&M Areas
Shop Design Considerations
USACE Tactical Equipment Maintenance Facilities Standard De
Cement Hydration Kinetics

Composite Pavements

Roadwork Design for Extreme Weather
Maintenance Geothermally Heating Roads
Solar Roads

Induction Heating on Roads

84



BUTTESILVER BOW COUNTY SUSTAINABILITY WORKBOOK

CKA& 62NJ 06221 OFy 06S dziAaf Al SR G2 &adzZJJI2 NI . {.
Requests for Proposals (RPFs) and procurement of services;
Environmental and social assessments;

Operations management from a holistic or sustainable viewpoint; and
Filling data gaps.

= =4 =4 A

9.2RECOMMENDATIONS FOR NEXT STEPS

Based on the data and information described herein, the following next steps are
recommended:
1 Maintain and adapt the tools provided this workbook;

1 Complete detailed codbenefit analyses for site section, facility design,
operational improvements, and roadway maintenance;

1 Complete a detailed stakeholder analysis and develop innovative, targeted public
communication tools; and

1 Complee pre-design programming and/ or engineering studies for the new
facilities.
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APPENDIX-AITE SELECTION RUBRIC RESULTS

Table Al - Central Portion of BAO

Candidate Site #1: Central Portion of Butte Area One

Potential .
Type Criteria Description Negative Impact SIEEe | sEEhal - Cars Notes
. Score Score Score
(Relative)
Level of effort to High=3 B Requ_lr_e_s CERCI__A reme_dy prior to
Schedule acquire parcel Moderate = 2 2 2 2 acquisition, requires zoning changeyned
cquire p Low =1 by ARCO
. Level of effortto = High=3 Remedy will lower grade 5' (assume site
Design _ . e
. convert parcel for Moderate = 2 1 2 2 will be restored to grade), near existing
Constraints _ .
development Low=1 infrastructure
Technical . Cost to obtain High =3 _ Assume site will be donated, RP's
... Overnight Cost andconvert a Moderate = 2 1 1 1 .
Feasibility _ responsible to get ready for rese
parcel Low =1
e plstance to High = 3 _ Close to0, close to residentidtlats,
Accessibility infrastructure and Moderate = 2 1 1 1 )
_ strengthens link between Uptown and Fla
heavy roads Low =1
Level of effortto | High =3 Relatively open space, amenable to
Sustainability = implement BMPs/ Moderate = 2 1 2 1 Y open space,
) ~ construction projects
alternatives Low =1
Likelihood of High =3 . . . .
Stakeholders | community Moderate = 2 2 3 3 :gigge(zt to ;reasilldser;ttlzlma;nd recreational
backlash Low=1 G y
. S Adjacent toBlacktail and Silver Bow creek
Potential to High =3 ) )
Ecosystem . - _ reduces ecosystem services by fragmenti
impact sensitive  Moderate = 2 2 3 3 . . .
Impact _ it, interrupts green corridor running Butte
ecoreceptors Low=1
Anaconda
VO Cmissionsy | Potential for High = 3
enta emissions/ dust to Moderate = 2 2 3 3 Heavy equipmentfuel storage
Social Dust Impact . ) _
- impact neighbors = Low =1
Feasibility
Noise/ Ec?ifen/tl\ilbfrg;ion High =3
Vibration 1o impact Moderate = 2 2 3 3 Heavy equipment, fuel storage
Impact 'mp Low=1
neighbors
High =3 Adjacentrecreational area (e.qg., trail, KOA
A Level of effort to _ . .
Visibility . Moderate = 2 3 3 3 camp), neighborhoods relatively close,
make attractive S .
Low=1 central/ highvisibility location
TOTALS 17 23 29 Lowest Negative Impact = 10. Highest

Negative Impact = 30.
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Table A2 - Montana Pole and Treating Plant

Candidate Site #2: Montana Pole & Treating Site

Potential ,
Type Criteria Description Negative Impact S e L e ol Notes
. Score Score Score
(Relative)
High =3 Requires CERCLA remedy prior to
Schedule Leve_l of effort to Moderate = 2 2 2 2 acquisition, owned by Montana Pole &
acquire parcel _ :
Low=1 Treating
. Level of effortto = High=3 High pressure gas line, CERCLA remedy
Design _ P .
. convert parcel for Moderate = 2 3 3 3 existing infractstructurége.g., power line
Constraints _ -
development Low =1 easement), neighbors
Technical . Cost to obtain High =3 _ Assume site will be donated, RP's
.~ Overnight Cost and convert a Moderate = 2 1 1 1 .
Feasibility _ responsible to get ready for rese
parcel Low =1
Distance to High=3 Greenwood needs to be rebuilt,
Accessibility infrastructure and  Moderate = 2 3 3 3 constrained by rail spur, need traffic
heavy roads Low=1 control at Montana intersection
Level of effortto | High =3 Relatively operspace, amenable to
Sustainability = implement BMPs/ Moderate = 2 1 1 1 Y opefspace,
. ~ construction projects
alternatives Low=1
Likelihood of High=3 . -
Stakeholders = community Moderate = 2 3 3 3 Adljacent Williamsburg and Boulevard
_ neighborhoods
backlash Low=1
Potential to High=3 Adjacent to Silver Bow Creek (albeit with
Ecosystem . -, _ :
impactsensitive Moderate = 2 2 3 3 controls already in place), steeply sloped
Impact _ -
ecoreceptors Low =1 grade = storm water mgt challenge
EVIONM  ong, | Potential for High = 3
entgl & emissions/ dustto Moderate = 2 2 3 2 Large site could allow for setbacks
Social Dust Impact . . ~
o impact neighbors = Low =1
Feasibility _
Noise/ Ec?ifen/tl\ilbfr(;ion High =3
Vibration . Moderate = 2 2 3 2 Large site could allow for setbacks
to impact _
Impact . Low =1
neighbors
High =3 . .
T Level of effort to _ Adjacent to residences anedD, thus
Visibility . Moderate = 2 2 3 2 o .
make attractive Low = 1 requiring viewshed management
TOTALS 21 o5 29 Lowest Negative Impact = 10. Highest

Negative Impact = 30.
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Table A3 - Upper Rail Yard

Candidate Site #3: Upper Rail Yard

Potential ,
Type Criteria Description Negative Impact S e L e ol Notes
. Score Score Score
(Relative)
Level of effort to High = 3 Owned byBNSF Railroad, potential dela
Schedule . Moderate = 2 1 2 2 . . d. p y
acquire parcel _ from transaction with railroad
Low=1
. Level of effortto = High=3 Required to maintain cover, steep slopes
Design _
. convert parcel for Moderate = 2 2 2 2 north boundary, storm water control
Constraints _ o
development Low =1 needed,some existing infrastructure
Cost to obtain High =3 Remediation is complete, but procuremer
Technical Overnight Cost and convert a Moderate = 2 2 2 2 cost is unknown and drainage system ma
Feasibility parcel Low =1 need upgrades
Distance to High = 3 Easily accessible, water and sewer lines i
Accessibility infrastructureand = Moderate = 2 1 1 1 yac ’
_ place, will need access road
heavy roads Low =1
Relatively open spacamenable to
Level of effortto =~ High =3 construction projects, potential for
Sustainability = implement BMPs/| Moderate = 2 1 1 1 greenway linking football field and gym,
alternatives Low=1 candidate for innovative storm water
control and solar PV
leellhoo.d of High = 3 _ Railroad ownership needs clarification,
Stakeholders | community Moderate = 2 2 3 2
- school and HUD are nearby
backlash Low=1
Ecosvstem Potential to High =3 Highly visible viewshed, adjacent to
Y impact sensitive ~ Moderate = 2 2 3 3 community and health centers that attract
Impact _ -
ecoreceptors Low =1 both local and no#ocal visitors
Environm Emissionsy | Potential for High = 3
entgl & emissions/ dustto Moderate = 2 3 3 3 Heavy equipment, fuel storage
Social Dust Impact . . _
o impact neighbors = Low =1
Feasibility _
Noise/ Ec?ifen/tl\ilbfr(;ion High= 3
Vibration 1o impact Moderate = 2 3 3 3 Heavy equipment, fuel storage
Impact 'mp Low =1
neighbors
High =3 Slope can helprgserve sight lines, central
Visibility Level of effo_rt to Moderate = 2 1 2 1 high-visibility location, inconsistent with
make attractive ~ . L
Low =1 adjacent sports antiealth facilities
TOTALS 18 29 20 Lowest Negative Impact = 10. Highest

Negative Impact = 30.
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Table A4 - Upper Lagoon Area

Type

Technical
Feasibility

Environm
ental &
Social
Feasibility

Criteria

Schedule

Design
Constraints

Overnight Cost

Accessibility

Sustainability

Stakeholders

Ecosystem
Impact

Emissions/
Dust Impact

Noise/
Vibration
Impact

Visibility

Description

Level of effort to

acquire parcel

Level of effort to
convert parcel for

development

Cost to obtain
and convert a
parcel

Distance to

infrastructure and

heavy roads

Level of effort to
implement BMPs/

alternatives

Likelihood of
community
backlash

Potential to

impact sensitive

ecoreceptors

Potential for

emissions/ dust to
impact neighbors

Potential for
noise/ vibration
to impact
neighbors

Level of effort to

make attractive

Potential

Negative Impact

(Relative)

High =3
Moderate = 2
Low=1

High =3
Moderate = 2
Low=1

High =3
Moderate = 2
Low=1

High=3
Moderate = 2
Low=1

High=3
Moderate = 2
Low=1

High=3
Moderate = 2
Low=1

High=3
Moderate = 2
Low=1

High=3
Moderate = 2
Low=1

High =3
Moderate = 2
Low=1

High =3
Moderate = 2
Low=1

TOTALS

Shops
Score

15

Asphalt
Score

17

SUSTAINABILITY WORKBOOK

Comb'd
Score

17

Candidate Site #4: Upper Lagoon Area

Notes

No major remediation needed, eastern pl
not subject to public scrutiny, owned by
ARCO

No existing infrastructure, eastern plot ha
no grading issues, western plot has steef
grade approaching road

Assume owned by BSB, western plot nee
grading

Close to higkcapacity roads, close to wate
treatment, distant fromresidences, low
congestion

Candidate for innovative storm water
control, candidate for solar PV
deployment, wind potential unknown

Potential interference with proposedd0
exit/ DoT, small enclave several hundred
feet north

Adjacent to Silver Bow Creek

Hill and adjacent industry provide buffer,
but small enclave several hundred feet
north

Hill and adjacent industry provide buffer

Visiblefrom 190, adacert to industrial
facilities

Lowest Negative Impact = 10. Highest
Negative Impact = 30.
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Table A5 - Adjacent to Power Plant

Type Criteria Description
Schedule Leve_l of effort to
acquire parcel
. Level of effort to
Design
. convert parcel for
Constraints
development
Cost to obtain
Technical Overnight Cost and convert a
Feasibility parcel
Distance to
Accessibility infrastructure and
heavy roads
Level of effort to
Sustainability = implement BMPs/
alternatives
Likelihood of
Stakeholders | community
backlash
Potential to
Ecosystem . .
impact sensitive
Impact
ecoreceptors
Environm Emissions | Potential for
ental & Dust Impact | EMissions/ dust to
Soc""_‘l . P impact neighbors
Feasibility
. Potential for
Noise/ . . .
. . noise/ vibration
Vibration .
Impact to impact
P neighbors
Visibility Level of effort to

make attractive

Potential

Negative Impact

(Relative)

High =3
Moderate = 2
Low=1

High =3
Moderate = 2
Low=1

High =3
Moderate = 2
Low=1

High=3
Moderate = 2
Low=1

High=3
Moderate = 2
Low=1

High=3
Moderate = 2
Low=1

High =3
Moderate = 2
Low=1

High=3
Moderate = 2
Low=1

High =3
Moderate = 2
Low=1

High =3
Moderate = 2
Low=1

TOTALS

Shops
Score

14

Asphalt
Score

13

SUSTAINABILITY WORKBOOK

Comb'd
Score

14

Candidate Site #5: Adjacent to Power Plant

Notes

Already zoned appropriately, already
owned by BSBevelopment Corp

Flat, no infrastructure constraints, adjacer
power plant has utilities in place

Assumed assessment value $3k

On state route that is adequate for heavy
vehicles, 4 miles south 08D not sited for
municipal use

0.5 miles upstream of Sand Creek and Lit
Basin Creek, 40 feet higher than
downstream SW, candidate for combined
waste heat regeneratioand carbon
footprint reduction

Zoned industrial, no adjacent sensitive
receptors (e.g., residential, surface water,

No previousdevelopment (green field),
distance from town center will increase
fuel use and emissions

Any impacts are determined by wind
strength, direction, and frequency;
immediate commercial neighbors are clos
and possibly down wind

Remote location

Remote location, appropriate screening
from above, potential infringement on
viewshed of wesbound traffic

Lowest Negative Impact = 10. Highest
Negative Impact = 30.
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STRENGTHS:

Ownership — assume site will be
donated

Location central to uptown and flats,
could be a connectorin the urban fabric
High pedestrian traffic as an opportunity
to educate the public

Could augment a public space that is
currently being used

—%
WEAKNESSES:
Requires CERCLA remediation prior to
acquisition
Requires zoning change @
Requires effort in beautification due to
high visibility from campground and
residential
Could ruin an existing public space
Noise control important for residential
neighbors
Adjacent to a Stormwater drain and
Silver Bow and Blacktail Creeks
Possible fragmentation of green corridor

1T§

CENTRAL PORTION OF BUTTE AREA ONE
BUTTE, MT1{

NORTH

Figure Al - Central Portion of Butte Area One
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;
1

Greenwood Ave

B Construction Company MONTANA POLE & TREATING PLA
Il Cemetery BU

Il Residential Neighborhood
B Park

Figure A2 - Montana Pole and Treating Plant
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I Public Amenities

Il Residential Neighborhood
B Park

Il Commercial

Il Berkeley Pit

-

W —

ths:
located to Uptown Butte
estrian traffic as an opportunity
e the public

commercial / industrial
Id preserve sightlines
Ses:
BNSF railroad, potential delay
ransaction
ble viewshed, adjacent to
and health centers that
and non-local visitors

rol important for residential /
commercial neighbors

Design constraints: steep slope, neces-
sary ground cover, drainage issues,

existing infrastructure

UPPER RAIL YARD
BUTTE, M9

2\

Figure A3 - Upper Rail Yard
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Strengths:
Adjacent to asphalt plant
i city road access

Possibility for shared infrastructure
treatment) g
Remediation compléte, owned
plot not subject to pul S
Patential for expansion into lots ac
Avenue

Weaknesses:
Very clese to Silver Bow Creek,
environmental damage

mall size Makes colocation i
2quires. asphait_plant to mai

/_

B Water Treatment Plant

M Existing Asphalt Plant UPPER LAGOON AREA
Il Residential Neighborhood BUTTE. mT
W Commercial ’ NorTH

Figure A4 - Upper Lagoon Area
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M Residential Neighborhood
Il Commercial

SUSTAINABILITY WORKBOOK

L

Strengths:

N\

Relatively flat site, no re-grading needed

No infrastructure constraints

Zoned as industrial

Owned by BSB Development Corp

Low overnight cost

Colocation easily possible

No obvious noise or emissions issues based on

neighbors

Weaknesses:

Remote location
Increased travel distance means more wear on
vehicles and higher fuel costs

ADJACENT TO POWER PLANT

Figure A5 - Adjacent to Power Plant

BUTTE, MT1{

NORTH
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>

PRENDIXEFLEET GARAGE,

J A H [ 1+ [ v [ ® [ € [ ™ [ N [ o I
3
4|
| 5 | NEW MUNICIPAL FLEET SUSTAINABLE GARAGE
=]
|7 | DEPARTMENT/AREA/COMPONENT
8 MAIN BUILDING
FLEET SERVICE BAYS
in

SUSTAINABLE INITIATIVES/FEATURES
ENVIRONMENT

Minimize the environmental impact from the garage and the services that it provides
Maximize municipal benefit of the fleat garage
Instill green practices, mindsets and atttudes: consarvation and environmental stewardship

+ INPUTS - RESOURCES

LAND SITE/SOIL
Protect site from contamination frem service, spllls or sccidents

ENERGY

Faduce enangy demand

Incresse energy efficlency

Gonsarve enengy

Reduce fuel demand

Incregsa fuel efficency

Consarve fuel

Seek alternative fuels for use in fieat vehicles:

REMEWABLEAOMN SITE GENERATION
Ut ze sclar photo-voitale (FW) panels
Utilize gecthermal energy to heat space from floor

e G e e e e ) e e O Y

| 80 | AlR

| B1 | Proteet the alr

| 82 | Design or passive vent ation, for example: clerestory windows to prowide & natural draw on alr from fioer
83

| B4 | LIGHT

£ Utilize daylight to increase light levels inside garage and bays specificaly

| BE | clarestory windows

| 87 | giass garage doors

| B8 | LIGHTING, SUFPLEMENTAL ELECTRIC LIGHT

| 89 | Reduce the need for light oy providing more daylght

| 90 | Litize high light -low energy lamps for genera! ambeent light

| 91 | Uitize high light -low energy lamps for task lighting
592

EEN WATER

| 94 | Pratect the water

| 95 | Reduce water demand

| 96 | Feduce the demand for potable water

| 87 | Feserve potable water for use in vehicle operating systams

Harvest raln water to use when spraying down bay floors and pits
Ut ze spray aerators to reduce the amount of water used

L0 QUTPUTS

WASTE STREAM
Reduce waste
Manage wasta

EMISSIONS AND EXHAUST
AlR EMISSIONS
PROTECT WATER
WATER WASTE

FROTECT
LAND SITE/SOIL

SPILLAGE OF OIL OR TOXIC and CONTAMINATED FLUIDS or MATERIALS
Feduce |kelhood of splilage
Provide for faclitation of spllage cocurences
reduce risk of aplllage
contanment
narm
njury
dedcated catchment that s separtate from water waster for filtration of sediment and water treatment
betore releasng into weste water stream

44 > pl . CAMPUS) VEHICLE SERUICEJ VEHICLEWASHJ WELDIHC&PAINTINCJ FUELING&FILLINCJ S'I'CIRAGE) EMPLOYEE FACILITIES |
Mormal View | Ready | |Surn-0 hd
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S A [ & [ € [ o [ E [ F [ & [ ©w [ v [ 3 [ & [ € | ™ [ N [ o | F
3
| 4 |
5 NEW MUNICIPAL FLEET SUSTAINABLE GARAGE
6
7 DEPARTMENT/AREA/COMPONENT
8 MAIN BUILDING
q FLEET SERVICE BAYS
m
1125 |
126 socio
127 Benafit community
128 Beneft employeas
129
130 ASPECT IMPACT
131
132 EMPLOYEE WORK ENVIRONMENT
133 mechanic comfort and well being
134 safety for the employess
135 training and educaton
1136 |
137 BUILT MECHANICAL WORKING ENVIRONMENT
138 LIGHTING more efficient bulbs, brighter, 8 savings, daylighting
135 NATURAL LIGHT
140 TAKE ADVANTAGE OF THE NATURAL LIGHT TO IMPROVE LIGHT INTENSITY WITH LOW COST clerestory windows:
141 ACCESS IMPROWVE ACCESS TO PERFORM WORTHK OM VEHICLES ‘'ass garage doors
142 A5 WORK TALENT AGES, AGILITY DECREASES. PROVIDE FOR INCREASED ACCESSIBILITY
143
144 Reduce risk to employees and municipal liability
145 work efficiencies configuration, juxtapositioning crganizationally,
146 SAFETY
147 HAZARDOUS EYE WASH BODY SHOWERS ETC...
148
145 THERMAL
150 HVAC
151 efficlent heating
152

radiant floor heatni

Maximize municipal benefit of the fleet garage
Minimize the environmental impact from the garage and the services that it provides

CAPITAL

reduce employes risk
D&M
REDUCE COSTS

BY UTILIZING TECHNOLOGY

INVENTORYING

FLEET MANAGEMENT
WEHICLE TRACKING
TRACK SERVICE INTERVALS FOR VEHICLES
TRACK DRIVER PERFORMANGE

MEASURED PERFORMANCE MAY ¥IELD COST SAVINGS
reduce anergy demand
By utilizing gectharmal heat
By utilizing solar enaerg

lighting {more efficient bulbs, brighter, 5 savings, daylighting)

PROTECT PHYSICAL ASSETS

HVAC

keaping trucks wamm
maintian vehicles POISED TO BE 0N THE READY FOR SERVICE
Prewvent tanks in vehicles filled with water from freazing

R l CAMPLJSi VEHICLE SEIWICEJ \r‘EHICLEWASHJ WELDING&PAINTINGJ_ FUELING&FILLINGJ YI'ORAE.Ei EMPLOYEE FACILITIES J_
MNarmal View | Ready |

|Surn-0 -

6ass

I GG OKYS yatcess tolalliz®s/arthtd) . ¢ T2 NJ
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APPENDIXdPARTICULATE MATTER DISCHARGE LIMITS

Maximum Hourly Allowable Emissions Maximum Hourly Allowable
of Particulate Matter Emissions of Particulate Matter
Pé‘;fg’sfo\r’]\g‘;']?ht Lb/hr check Pé‘;f:ffo‘r’]‘s;ﬁht Lb/hr check

0.05 0.551 6 13.6
0.1 0.877 8 16.5
0.2 1.4 9 17.9
0.3 1.83 10 19.2
0.4 2.22 15 25.2
0.5 2.58 20 30.5
0.75 3.38 30 40

1 4.1 35 41.3
1.25 4.76 40 42.5
15 5.38 45 43.6
1.75 5.96 50 44.6

2 6.52 60 46.3
2.5 7.58 70 47.8

3 8.56 80 49
3.5 9.49 100 51.2

4 10.4 500 69
4.5 11.2 1000 77.6

5 12 3000 92.7

Source:Montana ARM Title 17, Chapter 8.3
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APPENDIXECENERGY INCENTIMNEEONTANA STATE

The adoption, implementation, or purchase of renewable energy options in Montana
presents numerous tax incentives outlined below.

Sourced directly fromMontana DEQ
Incentive Type Description
Lower property tax
ratesfor transmission
lines carrying
renewable energy: 15
6-157 MCA
Property tax exemptior
for renewable New generating facilities with nameplate capacity of less than 1 |
generating facilities and using an alternative renewable energy source are exempt frc
under 1 MW; 15-225 property taxes for 5 years aftatart of operation.

MCA

Transmission lines with firm contracts to carry electricity from
certain renewable energy facilities are eligible to be classified as
class fourteen, which is taxed at 3% of its market value

Generating plants producing 1 megawatt or more by means of ai
alternative renewable energy source are eligible for the new or
exparded industry property tax reduction on the local mill levy
Property tax reduction during the first nine years of operation, subject to approval by the
for renewable local government. If so approved, the facility is taxed at 50 perce
generating facilities of of its taxable value in the first five years after the styaction
1 MW or greater; 15  permitis issued. Each year thereafter, the percentage is increase
24-1401 et seq. MCA  equal percentages until the full taxable value is attained in the te|
year.The tax reduction applies only to taxes levied for the local h
schools and elementary schoalad for the local government
offering the reduction.

Property tax Certain renewable energy facilities and equipment are eligible fol
abatement for property tax abatement of 50 percent foip to 19 years.This
renewable energy abatement applies to all mills levied against the qualifying facility
generating facilities;  equipment. Renewable energy research and development
15-24-3101 et seq. equipment, up to the first $1 million of value, also is eligible to
MCA receive the abatement.

Businesses engaged in the production of energy by means of an
alternative renewable energy source are eligible for the new or

expanded industry tax credit against corporate income tax. To be
considered an expamalg industry, total fultime jobs must increase
by 30 percent or more. The credit is equal to 1 percent of new we

New or expanded
industry tax credit; 15
31-124 et seq. MCA
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Personal income tax
credis for installing a

residential geothermal
system 1532-115 MCA

Tax credits for
individuak installing
nonfossil forms of
generation; 1532-201
et seq. MCA

Alternative energy
investment tax credit;
15-32-401 et seq.
MCA

Renewable resource
grant and loan
program; 851-601 et
seq. MCA

paid in state during the first three years of operation. No carrybac
or carryover is allowed for this credit.

A resident individual taxpayer who installs a geothermal or
geothermal heafpump system in the taxpayer's principal dwelling
or the builder of a house, can claim a tax credit based on the
installation costs of the system, not to exceed $1,500. Credit not
used in the year in which the system is installed may be carried
forward for the 7 succeeding tax years. The credit can only be
claimed once on any given house.

Resident individuals may claim an income tax credit of up to $50
for installing a recognized nonfossil form of energy generation or
heating, including lovemission wood or biomass combusti
devices, in their principal residence. If necessary, the credit may
carried over for up to four years after the first year it is claimed.

Commercial and net metering alternatie@ergy investments of
$5,000 or more are eligible for up to 35 percent tax credit agains
individual or corporate tax on income generated by the investme|
The credit may only be taken against net income produced by th
eligible equipment or by certain asciated business activities.
Associated facilities, manufacturing plants producing alternative
energy equipment and new or expanded businesses using the
energy generated by the alternative energy investment may use
tax credit. The tax credit must baken the year the equipment is
placed in service; however, any portion of the tax credit that
exceeds the amount of tax to be paid may be carried over and
applied against state tax liability for the following 7 years. A proje
of 5 MWs or larger on a resgtion may carry the credit over for 1&
years, if it has an employment agreement with the tribal
government. Taxpayers may not take this credit in conjunction w
any other state energy or state investment tax benefits, or with tk
property tax exemptiorfor nonfossil energy property 16-224.

This credit is available to taxpayers purchasing an existing facilit
well as to those building a new facility.

The renewable resource grant at@hn program is administered by
the Department of Natural Resources and Conservation. Historic
the program primarily has funded water projects, but it does offer
grants to renewable energy projects of state, local, or tribal

10C
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government entities. On kiennial basis, DNRC evaluates and
recommends projects to the Legislature for funding.

Grants for renewable The board of research and commercialization technology gives

research and grants for renewable resource reseh and development projects,
development; 98- among other types, to be conducted at research and
1001 et seq. MCA commercialization centers located in Montana.

Limited obligation local government bonds ("special revenue
bonds") maybe issued for qualified electric energy generation
facilities, including those powered by renewables. These bonds
generally are secured by the project itself. The taxing power or
general credit of the government may not be used to secure the
bonds. Local@vernments may not operate any project financed b
the sale of revenue bonds as a business except to lease it to sor

Local government other party. These bonds are exempt from state taxes and may
revenue bonds; 96- qualify for federal tax incentives. The taxemption feature allows
101 et seq. MCA funds tobe borrowed at a significantly lower rate-flpercent) than

possible with taxable bonds. There are various restrictions on ho
such bonds may be used. Because of the legal complexity of a b
issue, retaining bond counsel is important. The total amanfnt
special revenue bonds that can be issued by state and local
governments combined is capped, which theoretically could limit
A20SNYYSyGQa oAt Ade G2 Aaadzs

The alternative energy revolving loan program offers-loterest
loans for up to $40,000 with repayment up to ten years. The loar

Alternative energy are for the purpose of installing alternative energy systems that
revolving loan generate energy for the building occupanbwn use or for net
program; 7525-101 et metering. Energy conservation measures may also be financed ¢
seg. MCA with the alternative energy project.

The number of loans that will be made is subject to funding
availability. The projects must be located in Montana.

Net metering is an arrangement that allows surplus energy

I3SYSNI 4GSR o0& GKS Odzzad2YSNRa N
Net metering69-8601 2y (12 GKS dziAftAde StSOGNRO aea
et seq. MCA electricity the customer uses from the utylisystem less the

St SOINROAGE (KS Odzald2YSNDRa ae

"credit" at retail rates for the electricity put back on the system, u

to the amount of power the customer actually consumes at the

location.
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A wind easement is an interest in real property to ensure access
wind. A property owner may grant a wind easement in the same
manner and with the same effect as the conveyance of an intere:

Wind easements; 70  real property. The wind easement runs withetheal property on anc

17-401et seq. MCA over which the wind resource flows and may not be severed fron
GKS LINBLISNIed ! gAYR SIaSySyi
the dominance of the mineral estate. It is not an easement or gra
of right of way for transmissiofines.

All branches of state government and state institutions of higher
Use of ethaneblended education owning or operating a motor vehicle capable of burnin
fuel by state vehicles; ethanolblended fuel shall take all reasonable step&tsure that
2-17-414 MCA those vehicles use ethanblended fuel if that fuel is commercially
available and competitively priced.

An individual or business is allowed a state incomectaxit for
equipment and labor costs incurred to convert a motor vehicle
licensed in Montana to operate on alternative fuel. The maximur
credit that may be claimed in a year is up to 50 percent of the
equipment and labor costs incurred but no more thar®83or
Income tax credit for  conversion of a vehicle with a gross weight of 10,000 pounds or |
alternative fuel motor or $1,000 for heavier vehicles. "Alternative fuel" means natural g
vehicle conversion; 15 liquefied petroleum gas, liquefied natural gas, hydrogen, electrici
30-2320 MCA or any other fuel if at least 85 perceat the fuel is methanol,
ethanol or other alcohol, ether, or any combination of them. The
credit allowed under this section may not exceed the taxpayer's
income tax liability and there is no carryback or carryforward of tl
credit.

Source:Montana Department of Environmental Quality
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Air It Out

POLLUTED AIR

contains tiny particles which make it hard to breathe

Inthe spring of 2013, CUP
teaching artist Heidi Neilson
worked with James Burke's 8"
grade science class (802) at Lyons
Community School to explore who
is responsible for air quality in the
school's neighborhood.

Air is almost impossible to see, and
it moves around, so identifying who is -,
polluting the air can be difficult. 7
To investigate, we went out of the
classroom into the neighborhood and
took air quality readings, we looked at
the clean air act, and we interviewed an

environmental lawyer. QOur neighborhood in
This booklet reports our findings on East Williamsburg,
who's responsible for making air Brooklyn has really
pollution in our neighborhood, and high asthma rates—
all the different levels of peaple, some of the worst in
government agencies, and New York City.
businesses that are responsible
for cleaning it up and keeping it
healthy for everyone.

burns gasoline and diesel fuel

TRAFFIC

What can the Federal Government do? The Clean Air Act requires
manufacturers to build cleaner engines and requires vehicle inspection and

programs, since engines burn fuel better. It also
regulates fuels, since cleaner fuels burn with less pollution.

Our neighborhood has a lot
of truck traffic. We have the
Brooklyn Queens Expressway
nearby, and our streets connect
to the industrial area near
Newtown Creek. We counted 28
trucks on Metropolitan Avenue
in 2 minutes!

What can the state do? New York Stale requires vehicles to be inspected
and to meet the emissions standards set by the EPA.

Diesel engines used by trucks and

busfas pollute much more than cars. \ding cars and frucks

1 on the street increase
| air pollution.

What can people do? People can choose to buy electric cars or cars
with efficient engines, which would improve air quality.

h C
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Q: Who is responsible

Q: Who is responsible for controlling it? A:
for ma / p— 1
/

CLEAN AIR ACT
::a federal law designed to
rol air pollution on a "
national level. l;r:‘q:(:;o;‘
i {
En\nronn(\ EPA) to develop

lations to
and enforce reat v
oep air clean to protect o

health.

GOVERNMENT

THE NEW YORK STATE DEPARTMENT OF ENVIRONMENTAL CONSERVATION
carries out both the state and federal air pollution control and monitoring

programs.
CITY GOVERNM

PLANYC is a city initiative to reach the clean air standards set by the

Clean Air Act. What it does:

© reduces emissions from cars, trucks, and buses by promoting fuel
efficiency, cleaner fuels, and cleaner or upgraded engines

« seeks federal legislation to allow state and local governments to provide
incentives for fuel-efficient vehicles

* uses federal funding to continue converting diesel and other vehicles to
cleaner fuel sources

« enacts requlations to phase out the dirtiest heating oils bumed io buildings

-S

burn fuel and release toxic chemicals

What can the Federal Government and states do? States work together with the Federal
Environmental Protection Agency to set limits on how much pollution power plants and
factories can make. New York State issues permits to businesses to pollute within a limit.
Businesses that go above the limit pay penalties.

Some industries
pollute and
release more
toxic chemicals
than others.

Power plants burn fuel
which pollutes the air.

Our school is at the edge
of the East Williamsburg
Industrial Park, where there

are lots and lots of factories,
warehouses, and industry.

What can people do? If people think a business is polluting
too much, they can get data from the building on how much
the business is polluting and compare it with how much is
allowed in the permit, and report it if it is too much.

10c
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burn heating oil BOO!
A big apartment building in
o ek rtood b No.6 i the dirtiest type of fuel ol—it creates
: - toric polition when burned.

Buildings burn fuel for heat, and some fuel makes more pollution than others. Bo"So
Natural gas burns more cleanly than fuel oil, and fuel oil comes in different The local haspital bums
grades—higher grade numbers mean the fuel is less refined and pollutes more. primarlly natural gas and
What can the Federal and State Governments do? New York State issues No. 6 fuel as their alternate.
permits o building owners o regulate how much they pollute.
What can New York City do? New York City has made a rule that requires
all boilers in NYC to burn cleaner fuel in the coming years.

We compared three different types of

buiings to find out how much they Dix acoul heeis aisg

gas and No. 2 oil!

| ks d Buildings burning No. 4
. : , -~ and No. 6 heating oil are
| j f d 1% of the total buildings
. = in the city but make more
JaN tiny particle air pollution
1T a =i than all cars and trucks in
| > = 9] the city combined.

NEp |
.

R

v
Building owners probably choose 1o use polluting fuel because when the
building’s boiler was installed, they didn't know it polluted so much. To

change the boiler now would cost a lot of money and that means building
‘owners probably won't change boilers unless they are forced to by the city.

Trees have many environmental benefits
including helping air quality—trees remove
dust and other pollutants from the air.

About one third of all schools burn No. 4 or No. 6 heating oil.
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City Studies are CUP’s project-based in-class and afterschool programs that use design
and art as tools to research the city.

To learn more about CUP, visit welcometocup.org

Lyons Community School is small school in East Williamsburg, Brooklyn, committed
to providing a broad, stimulating experience in the liberal arts, and preparing students in
grades 6 — 12 for college, healthy adulthood and life-long learning.

The Center for Urban Pedagogy (CUP) is a nonprofit organization that uses the power
of design and art to increase meaningful civic engagement. D

Air It Out student This program is supported, in

investigators: part, by the U.S. Environmental
Jonathan Bryant Protection Agency through
Jordan Byrdsell asubaward from Teachers
Monica Castro College, Columbia University;
Kamani Harrell and by public funds from the
Elijah Harris New York City Department of
Devale Johnson Cultural Affairs in partnership
m{tche:’vtizzz d with the City Council.
‘[J)aa::q;:: ar::key # '; i ﬁlél;ggﬁmlNG ARTIST: Heidi
Lleymi Martinez - CUP PROJECT LEAD: Valeria
Shearod Meadows = = % Moglievich
Devante Mitchell b — == CUP PROJECT SUPPORT: Sam
lsaiah Morales = 2 Holle[an, Pema Domingo-Barker
Jayda Nadal [ . LYONS COMMUNITY SCHOOL
Isabel Negron CLASSROOM TEACHERS: James
Andrew Ruiz 3= \ Burke, Rob Whiteman
Francisco Santos = - BOOK DESIGN: Heidi Neilson
Ebanny Santiago THANKS TO: Michael Heimbinder,
Destiny Soto Jonathan Kalmuss-Katz, Oscar
Nunez, and Jody Madell.

©2013 The Center for Urban Pedagogy
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What is Zoning?

6

What is
zoning?

Most cities have rules about what
you can build where. These rules
make up zoning law.

This guide will help you understand
what zoning is, and how it works in
New York City.

Say you own
a piece of land.

What would you
build on it?

WHAT IS ZONING?

Zoning works at different scales—
the building scale, the neighborhood
scale, and the city scale.

r
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INTRODUCTION 7

:
ST ey
AHOUSE WITH A YARD? A DEPARTMENT STORE?
A HIGH-RISE?

INTRODUCTION

1. Neiin
oogiDolioba
Ouujoonioio

noa

good

BE!I

BUILDING

What can I build on my lot?

NEIGHBORHOO0D
What do the buildings look like and how do
they relate to each other? Where do people live
and where do they shop? What parts of the
neighborhood are quiet and what parts are busy?

—|lIil

RO e e

H_

] |
Ovo Deisano O
DY p oawil oot
ponooinwBooD
nnlnn nulun

eIty
Where are the industrial zones? Where are the
regional commercial centers? What parts of the city
need to be protected from further development?
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