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Acronyms

ADA — Americans with Disability Act

ATS — Automatic Transfer Switch

CHP - California Highway Patrol

COBI - California Oregon Broadcasting Inc
DES - Division of Engineering Services
DFM — Department Furnished Materials
DO - District Office

GEM - Ground Enhancement Material
LOS - Line of Sight

NLOS - No Line of Sight

PIF — Public Information Finding

RTL — Ready to List

R/W - Right of Way

SFM - State Fire Marshal

TCE - Temporary Construction Easement
UFER - Concrete-Encased Electrode (Herbert G. Ufer - engineer who discovered)
USFS - United States Forest Services



Background

Purpose

* MW expansion as discussed in the first presentation by Jeremiah
 Coverage for elements along I-5 in northern part of District

O




Background

Purpose

* MW expansion as discussed in the first presentation by Jeremiah
 Coverage for elements along I-5 in northern part of District

« Sha & Sis Counties I-5 (~30 Miles)
e CCTV: 10 Existing & 4 Planned
e CMS: 4 Existing & 3 Planned
* HAR & FB: 4 Existing
e RWIS/NIPS: 3 Existing & 1 Planned

e Sis County SR-89 (~5.5 Miles)

o CCTV: 1 Existing & 1 Planned
e RWIS/NIPS: 1 Existing & 1 Planned



Site Evaluation
District Office (DO) = Bass Mtn = Sugarloaf =2 ???

 Next mountain top options
o Mt Bradley
 Lower Bradley
« Soda Ridge
e Grey Butte

Image curtesy of Google Earth



Site Evaluation
District Office (DO) = Bass Mtn > Sugarloaf 2> ???

* Block diagram of the next mountain top and
roadside elements it will cover
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Site Evaluation
District Office (DO) = Bass Mtn = Sugarloaf = Mt Bradley

» 10-acre USFS parcel on private logging
Industry land

e EXisting radio tower and vault are not
adequate

 Overlooks Siskiyou area (good
elevation ~5,500ft)

* Close to I-5; 7-mile maintained dirt road

Images curtesy of Google Earth



Site Evaluation
District Office (DO) = Bass Mtn = Sugarloaf =2 Lower Bradley

* Privately owned site on private property

e Existing tower and vault are not
adequate

 Overlooks Siskiyou area (moderate
elevation ~4,500ft)

e Close to I-5; 5.5-mile maintained dirt
road

Images curtesy of Google Earth



Site Evaluation
District Office (DO) = Bass Mtn = Sugarloaf = Soda Ridge

o State owned (CHP)

e Existing radio tower and vault are
adequate

 Overlooks Siskiyou area (moderate
elevation ~4,600 ft)

e Close to I-5; 5.5-mile maintained dirt
road

Images curtesy of Google Earth



Site Evaluation
District Office (DO) = Bass Mtn = Sugarloaf = Grey Butte

» USFS owned vault and tower

e Existing tower and vault are not
adequate

 Overlooks Siskiyou area (high
elevation ~7,900 ft)

e Further from I-5; access through ski
park on tribal lands

* Poor winter access

Images curtesy of Google Earth



Preliminary Path Analysis

Sugarloaf > Mt Bradley

o Line of Sight (LOS) verified in the field

Mt Bradley

11



Preliminary Path Analysis
Sugarloaf = Mt Bradley

 LOS verified by software
o 22.36 Miles

Image curtesy of Microwave Path Analysis & SCADA - Micropath Pathanal 5




Preliminary Path Analysis
Sugarloaf = Mt Bradley

 LOS verified

 22.36 Miles

 99.999% Uptime (Five nines)
calculated by software

Image curtesy of Microwave Path Analysis & SCADA - Micropath Pathanal 5




Preliminary Path Analysis
Mt Bradley = Antelope

o Potential future mountain top
 LOS Verified
e 32.3 Miles

Images curtesy of Google Earth



Preliminary Path Analysis
Mt Bradley - Herd

o Potential future mountain top
 No Line of Sight (NLOS)
e 29 Miles

Images curtesy of Google Earth



Preliminary Path Analysis
Mt Bradley > Mott Rd

e LOS verified
e 3.15 Miles
e Five nines calculated

Image curtesy of Microwave Path Analysis & SCADA - Micropath Pathanal 5




Preliminary Path Analysis
Mt Bradley = [5-SR89

e LOS verified
e 4.36 Miles
e Five nines calculated

Image curtesy of Microwave Path Analysis & SCADA - Micropath Pathanal 5




Preliminary Path Analysis
Mt Bradley 2 Snowman West

e LOS verified
e 4.86 Miles
e Five nines calculated

Image curtesy of Microwave Path Analysis & SCADA - Micropath Pathanal 5




Preliminary Path Analysis
Mt Bradley = Abrams Lake

e LOS verified
e 8.68 Miles
e Five nines calculated

Image curtesy of Microwave Path Analysis & SCADA - Micropath Pathanal 5




Preliminary Path Analysis
Mt Bradley = Dunsmuir

 No LOS

Image curtesy of Microwave Path Analysis & SCADA - Micropath Pathanal 5




Preliminary Path Analysis
LOS and Tower Heights

« Mt Bradley LOS to 12 Roadside
and 1 Mountain Top
 Grey Butte LOS to 6 Roadside
and 0 Mountain Top
» Soda Ridge LOS to 8 Roadside
and 2 Mountain Top

Next Mountain Top Soda Ridge
Links Mt Bradley | Grey Butte CHP

Antelope

Herd MNA MA MNA

Gunsight NA NA NA

Hatchet MA MA MA

Humbug NA NA H

1 o 2

Roadside Links

Mt Bradley | Grey Butte

Soda Ridge
CHP

Abrams Lake

70

Black Butte

Castle Crags

Central Mt Shasta

Crag View

Dead Horse

Deetz

Dunsmuir

15-5R&9

Mottt

Ream Rd

S5ims

Snowman

Snowman West

South Dunsmuir

Summit

Sweetbrier

Weed Water Tower
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Preliminary Path Analysis

Site User Coordination

Mt Bradley Soda Ridge
* Roseburg Timber o California Highway Patrol (CHP)

» US Forest Service (USFS)

.y

PTMENT OF AGRICSY;

« California Oregon Broadcasting
Inc (COBI)

22




Preliminary Path Analysis
Mt Bradley Access

e Long road with lots of turns and
branches

 Three gates

» Road conditions well maintained




Preliminary Path Analysis
Mt Bradley Vault and Tower

e Small homemade tower

« Small old building, inadequate space

* [nadequate environmental control or backup
power




|5-SR89

O

Preliminary Path Analysis
Mt Bradley LOS to Roadside Elements

Mott Rd

O

Abrams Lake

O

Snowman Wes

O



Mountain Top Site Decisions
Mt Bradley Additional Considerations

 Need to replace the existing ancient, unreliable, underground, undersized
electrical service to the site



Mountain Top Site Decisions
Mt Bradley Additional Considerations

e Electrical utility service point is at the Dunsmuir HS
e Private line from this point on



Mountain Top Site Decisions
Mt Bradley Additional Considerations

Agree to USFS Special Use Permit

No outside private agency allowed in vault

or on tower

Inform USFS of vault/tower occupants

every year
Site alterations must be approved
Expires in 2048, NOT renewable

Fromz

Subject:

Stare-of Califomda

CALIFORNIA STATE TRANSFORTATION AGENCY
Memorandum Making Canservation
o Caiifaraia Way af Life.
leremiah Pearce

ITS pate: July 18, 2019
Ale;  02-Sis-Var- PM Var
E.A 4GA30

Parcel 14805{14809)

DEFARTMENT OF TRANSPORTATION
Willlam Walker, Senior Right of Way Agent
Project Delivery, Redding (M 54#35)

Special Use Permit and Communications Site Lease
Project Limits:  “In Shasta and Siskiyou Counties at various locations.”
Attached is a copy of the Special Use Permit for Mt. Bradley & Snowman's Summit signed by:

Scott Russell

Forest Supervisor
Shasta-Trinity National Forest
3644 Avtech Parkway
Redding, CA %6002

Contact: Stacy Smith- 530-926-9643

Improvements Purchased: MNone.
Construction Contract Work: Maone.
Excess Land Acquired: Mone.
Excess Land Exchanged: Maone.

Acquisition Agent: Kelly Babcock

*Please note USFS stipulations (see attached documentation for the
complete list):

* No land use fee will be required unless The State allows an outside
private agency to inhabit the shelter and tower.

e Caltrans must provide a snapshot of all occupants located in the Mt.
Bradley equipment shelter on September 30 of each year.

» Communication Site Lease will expire 12/31/2048. The lease is not
renewable. Request for new lease must be sent to The Forest
Service one year prior to lease expiring.

¢ Any alternations of the facilities must be approved by The Forest
Service prior to implementation. The Forest Service may require

NEPA to be completed depending on the scope of work.
Attachment

c. RE file w/attachments




Mountain Top Site Decisions
Mt Bradley Additional Considerations

 Coordinate with COBI to replace existing tower, and possible co-locate in new vault
e Coordinate with all mountain top users for electrical utility replacement



Radio Specification

Caltrans Standard Equipment

 As discussed in the previous presentation by Keith
 Use Aviate transceivers with Andrew dishes for backhaul link
» Use Mosely transceivers with RadioWaves dishes for roadside links



Design

ITS Field Element Network Communications Special Design

o Supported by Civil management and design
* Not a typical design for Caltrans

 Changed project manager at least 3 times
 Changed project engineer at least 3 times



Design

ITS Field Element Network Communications Special Design

* Right-of-Way dealing with logging company and high school to get path for
utility approved

 Had to purchase the trees from logging company and high school

« USFS would not allow power lines to cross their property




Design

ITS Field Element Network Communications Special Design

* Not a typical design for Division of Engineering Services (DES
e Tasked with designing a tower foundation at the top of a granite mountain
 Ended up paying Valmont to design the foundation with DES review and plan
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Design

ITS Field Element Network Communications Special Design

o Access to site not always easy

 Requires 4x4 vehicles to access

 Can be inaccessible due to weather

* Trees fall across road requiring dragging off or cutting up



Design

ITS Field Element Network Communications Special Design

e Preferred Manufacturers

e Valmont Tower (Identical installation at 15-SR44 Bluffs)

« Modular Connections Prefabricated Vault (Similar installation at Bass Mtn and I5-
SR44 Bluffs)

e Cummins Generator (Similar installation at Bass Mtn and 15-SR44 Bluffs)




Design

ITS Field Element Network Communications Special Design

 Department Furnished Materials (DFM) require Public Information Finding

PIF
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Design

ITS Field Element Network Communications Special Design

e Contractor Furnished Materials require specifications written around
preferred manufacture with agreed price and allows for alternative at
contractor’s discretion



Design

ITS Field Element Network Communications Special Design

Ground System Design

e Detalled presentation at 2009 Forum but Jeremiah Pearce “Ground System
Design and its Role in ITS”

» Motorola R56 Standards & Guidelines Chapter 4 “Site Design & Development”
and Chapter 6 “External Grounding”

e Lightning protection

* Electrical safety

o Signal propagation (not a concern for this site)

e Granite “soil”




Design

ITS Field Element Network Communications Special Design

e Testing for soll resistivity
e 4-point Wenner method

p=191.5X AXR

where: p = soil resistivity in {}-cm
A = Distance between test rods (in feet)
R = Resistance obtained from tester (in ohms)



Design

ITS Field Element Network Communications Special Design

e Soil resistivity nomograph
« Single grounding electrode system resistance




Design

ITS Field Element Network Communications Special Design

e 6.3.2.4 External Ground Ring

« ... should encircle the site structures and provides a means of bonding ground rods together
and bonding other grounding electrode system components together, improving the overall
grounding electrode system.




Design

ITS Field Element Network Communications Special Design

 Multiple grounding electrode system resistance calculation
e Electrodes in a straight line (radial from vault and/or tower)

41%

Radials

FIGURE 4-T COMBINED RESISTAMCE GRAPH (GROUND RODS ARRANGED IM LINE OR RING)



 Multiple grounding electrode system resistance calculation

Design

ITS Field Element Network Communications Special Design

e Electrodes in a ring (around vault and/or tower)

11%

Vault

18%

Tower




Design

ITS Field Element Network Communications Special Design

e Calculating system resistance of a complex system
» Subsystem 1 = Vault Ring

Subsystem 2 = Radial 1

Subsystem 3 = Radial 2

Subsystem 4 = Tower Ring

22 total ground rods used

1

th:tal ”Rsubsystem 1 + ”Rsubs'_.rstem 2 + ”R“sul:nsytem 3
Figure 4-5 | Figure 4-7 Final
Resistance [% of single | Resjsiance | Inyarse | Resistance
Vault Ring 95 11 0. 0.1
Vault Radial 1 95 41 38.95 0.03
Vault Radial 2 95 41 38.95 0.03
Tower Ring 85 18 17.
~ ~ Total 0o(D) as7 |)




Design

ITS Field Element Network Communications Special Design

 6.3.1.4 Concrete-Encased Electrodes (UFER)

 ...enhance the effectivity of the grounding electrode system in two ways: the concrete
absorbs and retains...; and the concrete provides a much larger surface area in direct
contact with the surrounding soil. ...helpful at sites with high soil resistivity

« ...shall be encased by at least 2 in. of concrete, ...near the bottom of a concrete
foundation or footing that is in direct contact with the earth.

« ...shall be at least 20 ft. of...steel reinforcing bars or rods at least 0.5 in. in diameter.
« ...shall be bonded to any other grounding electrode system at the site.




Design

ITS Field Element Network Communications Special Design

 6.4.11.7 Stone Mountain Tops

 ...components buried as deep as the soil will allow and encasing all components with a
ground enhancing material.

e ... radial extensions from the building throughout the property...
 ...concrete encased electrodes... (UFER)
« ...down conductors to a lower area where there is usable soll.



Design

ITS Field Element Network Communications Special Design

e Final construction \
« Vault Ring '
2 Radials !
« Tower Ring \

» 2 UFERSs (one at utility \
entrance and one at ice !
bridge entrance) \

e Future (if needed) '

e Down to tree line

| UFER

UFER




Design

ITS Field Element Network Communications Special Design

 Coordinate with Power Utility (Pacific Power)
 Overhead vs buried service
o Caltrans had to hike and stake the path prior to estimator coming out



Design

ITS Field Element Network Communications Special Design

 Coordinate with Power Utility (Pacific Power)

 Overhead vs buried service

o Caltrans had to hike and stake the path prior to estimator coming out
 Recent fires — change to utilities process and materials

Image curtesy of California fires over 10 years: See 170-plus areas where blazes repeatedly ignited (sfchronicle.com)



https://sfchronicle.com

Design

ITS Field Element Network Communications Special Design

 Coordinate with Power Utility (Pacific Power)

 Overhead vs buried service

o Caltrans had to hike and stake the path prior to estimator coming out
 Recent fires — change to utilities process and materials

 Not a typical design for estimator
 Not willing to provide an estimate
 Had to push request up the chain of command
» Received after RTL — placed 3x expected in project estimate



Design

ITS Field Element Network Communications Special Design

 Coordinate with Private Landowners

» Roseburg/Shasta-Cascades Timberland

 Require easement for access and utility

 Roseburg bought out by international company

* [nitial contact retired and pertinent information was not passed along to the new
contact

« Company contact name changes

Roseburg — Original landowner

Shasta-Cascades Timberland — New landowner

Land Vest — New property management

FWS Forestry Services — Final property management

FWS
Forestry

!_andVest- CHRISTIE’S

AL ESTATE - FOREST RESOURCES NTERNATIONAL REAL




Design

ITS Field Element Network Communications Special Design

e Coordinate with Dunsmuir High School

e Careful about checking in when students are on campus

e Adult Education Forestry course provided opportunity for student logging and
management



Design

ITS Field Element Network Communications Special Design

 Coordinate with Site Owner

 United States Forestry Services (USFS)

o Historic fire lookout built in 1933 must be preserved

o Careful not to restrict viewshed from the lookout

« Color requirement to blend in with natural environment (no white)

i

|‘- L& ]
=2 !5'91! ] ’--""A
-

P

Image curtesy of Mt. Bradley Ridge Fire Lookout - Shasta National Forest - Dunsmuir CA - Living New Deal




Design

ITS Field Element Network Communications Special Design

« Coordinate with Previous Mountain Top Site Owner (Sugarloaf)
e California Highway Patrol (CHP)
» Agreements for tower and rack usage and routing of waveguide



Design

ITS Field Element Network Communications Special Design

 Coordinate with California State Fire Marshal (SFM)

o Actually a “simple” process

o Classified as a Communications Vault — Occupancy Class U — Utility
and Miscellaneous Group

e Fill out the forms (marshal filled out)

* Prepare drawings for SFM approval

* Provide SFM stamp for bid documents

e Inspection of vault after construction — minor changes



Design

ITS Field Element Network Communications Special Design

 No Coordination required with Americans with Disability Act (ADA)
2016 ADA Standards Chapter 11B Section 203.5

o ...shall not be required to comply with these requirements...

e ...electrical or communication equipment rooms...

Image curtesy of 203 General Exceptions - ADA Compliance - ADA Compliance (ada-compliance.com)



https://ada-compliance.com

Construction

Advertising and Prospective Bidders

» Met prospective bidders at the bottom and drove to site

« Mandatory meeting for prime to place a bid

o Liability walver for site visit

 Two different days provided for flexibility

o Caltrans representative was provided a list of talking points and was not to
have knowledge of the project to limit giving different information to the two
groups



Construction

Advertising and Prospective Bidders

 Low Bidder Requirement

 Only one bidder — needed to get special approval to accept

« Local company that worked on a previous vault and tower project so you might
expect minor issues (wrong)



Construction

Construction Issues

 Multiple Locations to Inspect

e Five active construction sites
» Multiple foremen, workers getting conflicting information
« Mt Bradley was not the priority, often just one person working

61 miles (2+ driving hours) between sites
e 197 miles (4+ driving hours) round trip from office

/

Images curtesy of Google Earth



Construction

Construction Issues

e ITS Project with Civil Construction

* Not typical for Caltrans construction to manage/inspect ITS projects

* 1 or 2 electrical inspectors cover all electrical projects in the entire D2 area

e Had to contract inspection with a private company — TDR (which is a civil firm)



Construction

Construction Issues

» Winter Weather

e Strong winds and cold

 Winter suspension

* Road plowed to finish construction
* Delay to getting power to the site

61



Construction

Construction Startup and Testing

 Coordinate with Cummins for the generator and ATS
 No power from Pacific Power — had to use portable generator to test
components and power transfer



Startup

Commissioning

 Tower work in high winds and cold
e Long lead time on Department Furnished Materials
 Severe winter weather

Monthly Total Snowfall for DUNSMUIR TREATMENT PL, CA
Year Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun Season
1999-2000 0.0 0.0 0.0 0.0 0.0 1.2 2.7 4.9 4.7 0.0 0.0 0.0 13.5
2000-2001 0.0 0.0 0.0 0.0 1.6 0.0 9.1 36.0 M 0.0 0.0 0.0 M
2001-2002 0.0 0.0 0.0 0.0 M M 2.8 0.0 2.3 0.0 0.0 0.0 M
2002-2003 0.0 0.0 0.0 0.0 0.0 15.3 0.0 0.0 0.0 M 0.0 0.0 M
2003-2004 0.0 0.0 0.0 0.0 0.2 M M M 0.0 0.0 0.0 0.0 M
2004-2005 0.0 0.0 0.0 T 0.0 M M 0.0 1.0 1.2 0.0 0.0 M
2005-2006 0.0 0.0 0.0 0.0 M M M M M 1.0 0.0 0.0 M
2006-2007 0.0 0.0 0.0 0.0 2.4 5.7 0.0 8.5 0.0 0.4 0.0 0.0 M
2007-2008 0.0 0.0 0.0 0.0 0.0 M 319 17.0 0.0 0.0 0.0 0.0 ™
2008-2009 0.0 0.0 0.0 0.0 0.0 19.8 1.0 24.4 3.0 0.0 0.0 0.0 A8:)
2009-2010 0.0 0.0 0.0 0.0 0.5 3.5 19.2 3.5 4.0 5.5 0.0 0.0 362
2010-2011 0.0 0.0 0.0 0.0 9.3 2.7 4.0 120 122 0.0 0.0 0.0 402
2011-2012 0.0 0.0 0.0 0.0 T 0.1 19.7 2.3 3.5 0.0 0.0 0.0 25.6
2012-2013 0.0 0.0 0.0 0.0 0.0 374 0.0 0.0 3.8 0.0 0.0 0.0 412
2013-2014 0.0 0.0 0.0 0.0 0.0 6.0 0.0 0.0 0.0 0.0 0.0 0.0 6.0
2014-2015 0.0 0.0 0.0 0.0 0.0 0.0 M 0.0 0.0 1.5 0.0 0.0 M
2015-2016 0.0 0.0 0.0 0.0 0.1 5.6 5.6 2.0 0.0 0.0 0.0 0.0 13.3
2016-2017 0.0 0.0 0.0 0.0 0.6 7.7 300 0.0 2.0 0.0 0.0 0.0 403
2017-2018 0.0 0.0 0.0 0.0 0.0 0.0 3.0 0.0 45 0.0 0.0 0.0 7.5
2018-2019 0.0 0.0 0.0 0.0 0.0 0.0 3.5 1.7 0.2 0.0 0.0 0.0 15.4
2019-2020 0.0 0.0 0.0 0.0 13.5 5.0 4.0 0.0 45 0.0 0.0 0.0 27.0
2020-2021 0.0 0.0 0.0 0.0 0.0 1.7 24.6 0.5 3.0 0.0 0.0 0.0 29.8
2021-2022 0.0 0.0 0.0 0.0 0.0 180 0.0 0.0 0.0 1.0 0.0 0.0 Tty
2022-2023 0.0 0.0 0.0 0.0 3.3 11.1 2.6 50.0 36.1 M M M 108 1
Mean 0.0 0.0 0.0 T 1.4 7.4 8.2 7.9 3.9 0.5 0.0 0.0 259
Max 0.0 0.0 0.0 T 13.5 374 319 500 36.1 5.5 0.0 0.0 482
2022 2022 2022 2004 2019 2012 2008 2023 2023 2010 2022 2022 2009
Min 00 | 00 0.0 0.0 0.0 0.0 0.0 0.0 00 | 00 0.0 0.0 6.0
Image curtegy &#RSiskivea Courity JA Dimateveragls, Motithly Weather2@dnditiéns (weBtherwéom) 204

Image curtesy of https://alertca.live/cam-console/1686 63



Future Plan
District Office (DO) = Bass Mtn = Sugarloaf > Mt Bradley = Antelope

« CalFire owned vault and tower

e Existing radio tower and vault are
adequate

 Overlooks Siskiyou area (moderate
elevation ~5,870ft)

* Close to I-5; 4-mile maintained dirt road

Images curtesy of Google Earth



Future Plan
District Office (DO) = Bass Mtn = Sugarloaf > Mt Bradley = Antelope

 LOS verified by software
e 31.39 Miles
e Five nines calculated

Images curtesy of Microwave Path Analysis & SCADA - Micropath Pathanal 1




Future Plan
District Office (DO) = Bass Mtn = Sugarloaf > Mt Bradley = Antelope

 Antelope LOS to 10 possible Roadside links, total of 20 elements connected

Roadside Links LOS Distance (Miles)
Collier Mo 17.5
Anderson Grade Yes 13
SR3-5R365 ¥es 9.2
Central Yreka Yes 8.81
South Yreka Yes 6.23
Walters Rd Yes 5.43
Grenada Yes 5.46
Weed Airport Yes 13.1
Maorth Weed Yes 17.3
South Weed Yes 19
Shasta River Bridge Yes 15.6
Summit Dr Mo 21.1




Lessons Learned

277

Design:
» Request a larger TCE from R/W than expected
o Get utility agreements in writing, follow up discussions with emails
o Escalate issues up the chain before it gets down to the wire

Construction:
 Request additional inspection resources for communications projects
» Request help with inspections, new set of eyes on the project
 Don’t assume construction inspectors know your office’s specific requirements
 Reconsider when helping relocate other users' equipment

Maintenance:
 Access during snow conditions



Questions
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