


















































































































































































































































































 7 

EXHIBIT 1 – 2000 FRANCHISE AGREEMENT 
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ARIZONA SUPERIOR COURT, PIMA COUNTY 

 

HON. KYLE BRYSON  CASE NO. C20235484 

     

   DATE: July 03, 2024 

     

TUCSON ELECTRIC POWER COMPANY 

          Plaintiff, 

  

 

vs. 

 

  

CITY OF TUCSON BOARD OF ADJUSTMENT and  

CITY OF TUCSON 

          Defendants 

  

 

 

 

UNDER ADVISEMENT RULING 

IN CHAMBERS: 

 This case is before the Court on Tucson Electric Power’s (TEP) special action appeal of the 

Zoning Administrator Determination (ZAD), and the City of Tucson’s (City) motion for summary 

judgment on the issues of preemption and estoppel. The Court heard oral argument on both actions, has 

reviewed the record on appeal, and renders this ruling. 

 On July 19, 2021, TEP requested a ZAD from the City of Tucson Planning and Development 

Services Department (PDSD) regarding the construction of overhead transmission lines along an 

approximately 3.5-mile segment of Kino Parkway. Kino is designated as a Gateway Corridor according 

to the Major Streets and Routes Plan (MS&RP), and as such is subject to specific zoning restrictions 

outlined in the Unified Development Code (UDC). One such restriction is the requirement that new 

utilities1 be constructed underground. UDC § 5.5.4(B)(1)(a). TEP characterized the Demoss-Petrie 

Project (DMP) as an upgrade of utilities, and not new construction, and argued that UDC § 

5.5.4(B)(1)(c) should control instead. The Administrator ruled the DMP was new development2, and 

not an upgrade, and that TEP was required to underground the transmission lines along Kino. 

                                                 
1 Utilities: services such as gas, electric, water, telephone, and cable television. UDC § 11.4.22. 
2 Development: any human alteration to the state of land, including its vegetation, soil, geology, or hydrology, for any 
residential, commercial, industrial, utility, or other use…. UDC § 11.4.5. 

FILED 

GARY L. HARRISON 

CLERK, SUPERIOR COURT 

7/8/2024 4:46:38 PM  
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 TEP properly appealed the decision to the Board of Adjustment (Board) where they argued that 

the Administrator had misunderstood the nature of the project by not classifying it as an upgrade, that 

the State had preempted the City’s ability to restrict construction of utility poles, and that the City was 

estopped from requiring undergrounding because the City had previously approved overhead lines in a 

different Gateway. The Board upheld the ZAD after hearing argument from TEP and the City, as well 

as comments from the general public, but it declined to address the issues of estoppel and preemption. 

 

The Special Action 

 When reviewing the decision of a municipal zoning board, the Court “must determine whether 

the Board acted arbitrarily, capriciously or in an abuse of its discretion.” Pingitore v. Town of Cave 

Creek, 194 Ariz. 261, 264 (Ct. App. 1998). The Court should not substitute its opinion of the facts for 

that of the Board and must affirm the decision if there is credible evidence to support it. Id. However, 

the Court is “free to draw [its] own conclusions on whether an agency misinterpreted the law and may 

substitute its judgment for the Board's assessment of the legal effect of the underlying facts.” Whiteco 

Outdoor Advert. v. City of Tucson, 193 Ariz. 314, 317 (Ct. App. 1998). Questions of the interpretation 

of statutes or ordinances are reviewed de novo. Id. 

 

The ZAD and the UDC 

 The Court will first address TEP’s argument that the Gateway Corridor regulations of the UDC 

do not apply to utilities. TEP asserts that UDC 1.4.2.G exempts rights-of-way from zoning regulations, 

and that in doing so it exempts all development within the right-of-way from those same zoning 

regulations. Section 1.4.2.G states, in its entirety: 

Zoning is applicable on all property, except street3 rights-of-way4. Use of street rights-of-

way for other than public street purposes requires approval by the Zoning Administrator and 

the Department of Transportation. The Zoning Administrator may allow, within the right-of-

                                                 
3 Street:  any permanent public or private right-of-way…set aside to accommodate vehicular travel lanes…[or] utility 
areas…. 
4 Right-of-way: an area reserved for a public or private use, such as…street…and utility easements. 
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way, only those uses or structures that are permitted on the property 

immediately abutting the right-of-way. 

UDC 1.4.2.G. 

 Were this section read alone, it might support TEP’s conclusion. However, it must be read in 

conjunction with the rest of the UDC, and other related ordinances and development plans like the 

MS&RP. Because Kino is a Gateway Corridor under the MS&RP, UDC 5.5 applies to projects which 

take place within the GCZ. Section 5.5.4 states “[i]n addition to other applicable standards…the 

following development standards are required of projects in the GCZ.” Subsection B specifically 

applies to utilities within the GCZ and states, in pertinent part, “New utilities for development on 

private and on public right-of-way along Gateway Routes shall be underground unless relief is 

otherwise granted….” UDC § 5.5.4.B.1.a. 

 Arizona “construe[s] statutes [and ordinances] to give meaning to each word and phrase, leaving 

none a nullity.” Sharpe v. Arizona Health Care Cost Containment Sys., 220 Ariz. 488, 492 (App. 2009). 

In order to give all parts of the ordinances here meaning, the Court must conclude that UDC 5.5.4 can 

apply to utilities development on public rights-of-way. Therefore, the Court finds that the Administrator 

was correct in applying the Gateway Corridor standards in the UDC to TEP. 

 TEP also argues that the Administrator applied the wrong section of the UDC to the DMP. TEP 

characterizes the project as an upgrade of existing infrastructure, rather than new development, and 

argues that UDC 5.5.4.B.1.c should apply. The UDC allows for “upgrades and reinforcements of 

existing overhead facilities to the extent that the total number of electrical circuits or communication 

cables is not increased.” UDC 5.5.4.b.1.c. In its ruling, the Administrator stated: 

“In general, when determining if something is an upgrade of existing equipment or new 

project, we look at the relative size, scale, and location of the existing development in 

comparison to the size, scale, and location of the new development. In this case, the size and 

scale of the proposed development is significantly larger and more impactful that [sic] the 

existing equipment. Additionally, the location of the poles has changed, many times 

changing from one side of the road to the other. A simple upgrade of existing equipment 

would result in similarly sized poles and equipment in the same location, which is not the 

case with this project.” 

ZA Determination, p.3. 
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 Although “upgrade” as it is used in the UDC is not defined, it is typically defined in the context 

of machinery or electronics as “to replace something with a more useful version or alternative.” 

Upgrade, Merriam-Webster.com, https://www.merriam-webster.com/dictionary/upgrade. TEP urged the 

Court to apply the definition of upgrade broadly, arguing that increasing the capacity of Tucson’s power 

grid should be considered an upgrade under the UDC, regardless of where the line is placed and how it 

is installed, and therefore the Administrator erred in determining the DMP was not an upgrade. The 

City countered that the specific language of 5.5.4.B.1.c indicates upgrade should be applied narrowly to 

allow upgrades of poles, lines, and other facilities which are already in place. 

 At oral argument before this Court, TEP admitted that there are no, or very few, existing 

transmission lines running along Kino at this time. There is no evidence in the record which indicates a 

broad definition of upgrade must be applied as opposed to a narrow one, and the lack of existing 

infrastructure and the scale of the development proposed by TEP indicate to the Court that the DMP 

goes beyond the scope of an upgrade under the UDC. The Zoning Administrator and board did not 

misinterpret the law.  

THE COURT FINDS that the DMP is not an upgrade, but rather is new development under 

UDC 5.5.4.B.1.a. 

 

The Motion for Summary Judgment 

 Summary judgment is appropriate when there are no genuine issues of material fact. Orme 

School v. Reeves, 166 Ariz. 301, 802 P.2d 1000 (1990). “A ‘genuine’ issue is one that a reasonable trier 

of fact could decide in favor of the party adverse to summary judgment on the available evidentiary 

record.” Modular Mining Sys., Inc. v. Jigsaw Techs., Inc., 221 Ariz. 515, 518 (App. 2009). Even if facts 

aren’t in dispute, but a genuine dispute exists as to conflicting inferences from those facts, summary 

judgment should not be granted. Executive Towers v. Leonard, 7 Ariz. App. 331, 439 P.2d 303 (1968).  

Summary judgment should be granted only if the facts produced in support of the claim or 

defense have so little probative value, given the quantum of evidence required, that reasonable people 
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could not agree with the conclusion advanced by the proponent of the claim or defense. Kim v. Wong, 

253 Ariz. 247, 512 P.3d 689 (App. 2022). Summary Judgment should not be a substitute for a trial of a 

case on the merits. Sanchez v. City of Tucson, 191 Ariz. 128, 953 P.2d 168 (1998). 

 

Estoppel 

 TEP argues that the City has been estopped from requiring undergrounding in the DMP because, 

in a separate project, the PDSD allowed construction of overhead lines in a GCZ. Typically 

governmental entities are not subject to estoppel because “estoppel sounds in equity and will therefore 

not apply to the detriment of the public interest.” Valencia Energy Co. v. Arizona Dep’t. of Revenue, 

191 Ariz. 565, 576 (1998). Therefore, the burden of proof on estoppel against a governmental entity is 

somewhat higher than against a non-governmental entity. “The first element [of estoppel] requires 

affirmative acts inconsistent with the position later relied on. Common sense tells us that the 

evidentiary burden in cases such as the present would require that the state's action bear some 

considerable degree of formalism under the circumstances. An off-the-cuff opinion, for example, will 

not suffice if the question presented requires a measure of research or deliberation.” Id. at 577. 

Additionally, “the action must be taken by or have the approval of a person authorized to act in the area 

under consideration.” Id. The claiming party must actually rely on the actions by the governmental 

entity. “Reliance should be considered reasonable if ‘a person sincerely desirous of obeying the law 

would have accepted the information as true, and would not have been put on notice to make further 

inquiries.’” Id. (quoting Freightways, Inc. v. Arizona Corp. Commission, 129 Ariz. 245, 247 (1981)). 

Finally, the asserting party must have suffered a substantial detriment due to the change in positions by 

the governmental entity. Such change in position must not have been compelled by law, however. “No 

detriment is incurred when the party's only injury is that it must pay taxes legitimately owed under the 

correct interpretation of the law.” Id.  

 In this case, TEP has “suffered a detriment” due to a perceived change in position by the PDSD. 

TEP purchased supplies for overhead lines which cannot be applied to undergrounding, and unlike 

what was suggested by Valencia or other tax cases, the detriment is not simply paying what is actually 
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owed. However, the record does not support TEP’s belief that statements made by the City about one 

project should apply to another, namely to the DMP. 

 TEP began formal line siting procedures in 2019 with the PDSD regarding two-line replacement 

projects, the DMP at issue here, and the Irvington-East Loop Project. TEP received approval to build 

overhead lines on the Irvington project, because Irvington was considered a relocation of utilities under 

UDC 5.5.4.B.3 according to the City’s planner on that project, John Beall. The reasons cited in the 

record for that determination were the project’s connection with Davis-Monthan, the small amount of 

infrastructure that would actually be installed along the gateway route, and MS&R Policy 5.A.4 which 

states “utilities in the right-of-way or visible from the street should be placed underground wherever 

possible.” UDC 5.5.4.B.3 indicates that the franchise controls when utilities “required by public 

improvement districts” are relocated along Gateway Routes. The vast majority of the Irvington 

project’s new and relocated line was not along Gateway Routes. In fact, the only section on a Gateway 

was a less than one-mile-long segment on Kolb between Littletown and Valencia. The rest of the line 

was set to be constructed either on DM itself, or along Pantano which is not a Gateway. 

 The DMP, however, while connected with both downtown Tucson and the University of 

Arizona, runs along a significantly longer section of a Gateway. Specifically, TEP states it would need 

to underground approximately 5.5 miles of line. Conversely, as noted above, the section of line 

installed on the Gateway in the Irvington project was less than 1 mile long. As discussed above, TEP 

admitted that there is little to no existing line running along the Kino section of the DMP which could 

be replaced with high-capacity transmission lines. It is clear from the record that all of Mr. Beall’s 

comments were directed solely at the Irvington project, were based on facts specific to that case, and 

were definitely not intended to apply generally. Because of the significant differences between the two 

projects, for zoning purposes, it is unreasonable to believe any statements made about the Irvington 

project, even from City officials, could be applied to the DMP. 

 Therefore, as the elements of equitable estoppel have not been met, the Court finds the City is 

not estopped from requiring the new lines to be undergrounded. 
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Preemption 

 TEP asserts that the State legislature has preempted the City’s authority to require 

undergrounding of transmission lines. For the City’s authority to be preempted, there (1) must be a city 

law which conflicts with a state law, (2) the state law must be of statewide concern, and (3) the 

legislature must intend to appropriate the field through a clear preemption policy. State v. Coles, 234 

Ariz. 573, 574 (Ct. App. 2014). Whether a city code or a state law controls “essentially hinges ‘on 

whether the subject matter is characterized as of statewide or purely local interest.’” State ex rel. 

Brnovich v. City of Tucson, 242 Ariz. 588, 599 (2017) (citation omitted). The regulation of electric 

utilities is undisputedly a matter of statewide concern. A.R.S. § 40-209. Therefore, the only question 

before the Court on this matter is whether UDC 5.5.4.B conflicts with any statutes? 

 TEP relies primarily upon A.R.S. §§ 9-599 and 9-810 to support its argument that the State has 

clearly and intentionally preempted the City’s authority to control how TEP constructs its transmission 

lines. A.R.S. § 9-599(2) states that Article 8 does not “confer on any authority…any zoning, land use, 

or planning…authority over utility poles…owned, controlled, or operated by an…investor-owned 

electric utility….” The wording here suggests not that the State intended to restrict the City’s authority 

over utility poles, but rather that the State did not intend to grant any additional authority the City did 

not already have. Indeed, 9-594(A) specifically states “the following activities that take place inside of 

a right-of-way are subject to this section and all of the authority’s codes and regulations, including 

zoning codes and other regulatory processes governing use of rights-of-way…. (1) Installation of new 

monopoles, utility poles, or wireless facilities….” If the State had intended to preempt the City’s 

authority over utility poles, there would be no reason for this section to have been enacted. 

 However, the State has specifically preempted the City’s authority to prevent individuals from 

accessing public utilities. 

A. The regulation of a utility provider's authority to operate and serve customers is a matter 

of statewide concern. A person's or entity's ability to use the services of a utility provider that 

is capable and authorized to provide utility service is not subject to further regulation by a 

municipality pursuant to this section. 
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B. Any code, ordinance, land use regulation or general or specific plan provision or part of a 

code, ordinance, land use regulation or general or specific plan provision adopted by a 

municipality may not prohibit or have the effect of restricting a person's or entity's ability to 

use the services of a utility provider that is capable and authorized to provide utility service 

at a person's or entity's property. 

C. A municipality may not impose a fine, penalty or other requirement that has the effect of 

restricting a utility provider's authority to operate or serve customers. 

A.R.S. § 9-810. 

This section very specifically and clearly restricts the City’s authority to enact laws which would 

have the effect of preventing anyone from accessing utility services within the City’s jurisdiction. It 

does not, however, prevent the City from regulating how the utility expands or modifies its own 

network, so long as such regulations do not have the effect of restricting access. 

 The State has also preempted the City’s ability to determine where, but not how, transmission 

lines are constructed. The State clearly intended the Arizona Corporation Commission (ACC) to have 

exclusive authority over line siting for high-capacity transmission lines. A.R.S. § 40-360, et seq. See 

also 1971 Session Laws Ch 67, § 1. The purpose of this is to simplify the process of expanding 

Arizona’s electrical grid, which is necessarily a matter of statewide importance. However, the Court has 

been unable to locate any law which restricts the City’s authority to regulate how transmission lines are 

constructed. TEP is correct that there is no law which explicitly grants the City the authority to require 

undergrounding, but neither is there a specific law which purports to exempt utilities from all zoning 

regulations. 

 Therefore, the Court finds that, as a matter of law, the City has the authority to require 

undergrounding of transmission lines. 

 

Ruling 

 Therefore, for the reasons stated above: 

IT IS ORDERED the Special Action Appeal is DENIED and the ruling of the Zoning 

Administrator and the Board of Adjustment is AFFIRMED. 
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IT IS FURTHER ORDERED the Motion for Summary Judgment on the issues of Equitable 

Estoppel and State Preemption is GRANTED. 

The parties shall pay their respective attorneys’ fees and court costs incurred herein. 

There being nothing further pending before the Court, judgment is hereby entered pursuant to 

Ariz. R. Civ. Proc., Rule 54 (c). 

 

         

 

        

 

 

 

cc: Hon. Kyle Bryson   

 Jeffrey D. Gross, Esq.   

 Roi I. Lusk, Esq.   

 Clerk of Court - Civil Unit   

 Clerk of Court - Under Advisement Clerk   

  

  
(ID: b97ad7a4-1614-4e09-86a5-8afbafbf4a8a) 
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E X E C U T I V E  S U M M A R Y  

SCOPE OF WORK 

Tucson Electric Power (TEP) is proposing to install a new overhead single circuit 138 kilovolt (kV) alternating 
current (AC) transmission line from the Kino Substation (currently under construction) extending 
approximately 7 miles northwest to the existing DeMoss-Petrie Substation with a new proposed intermediate 
substation north of the University of Arizona. The line is being developed to help satisfy growing energy 
needs and strengthen reliability for TEP customers within the project area. During preliminary community 
meetings, TEP has received multiple questions regarding the cost of undergrounding the proposed 
transmission line. In response to those questions, TEP has enlisted Sargent and Lundy (S&L) to prepare 
estimated costs to place the proposed 138kV transmission line underground. The material and construction 
costs in this report represent a 1.5 mile stretch of underground 138-kV transmission circuit in urban, central 
Tucson. In Addition, this report provides an overview of a 138kV cross-linked polyethylene cable (XLPE) 
underground transmission line along with information on operation, maintenance and repairs. 

OVERVIEW OF PROJECT DESIGN 

For the purposes of this study it is assumed one cable per phase is required to meet the required ampacity. 
The duct banks would be installed via open-cut trench and then backfilled with thermally corrective fill to 
improve cable operating performance. Several roadways are located within the study area. It has been 
assumed that arterial roadways would be crossed by means of a jack and bore method. The cost estimate 
utilized anticipated construction methods and expected geological and environmental conditions.  Detailed 
assumptions are provided in Section 4 of this report. 

SUMMARY  

Underground transmission line installation, although possible, is significantly more expensive compared to 
overhead alternatives.  Per estimates provided in this document, the cost of undergrounding would be 
approximately 11 times greater than a comparable overhead installation.  In addition to the initial installation 
cost, there are operational, system loss, performance, maintenance, and reliability concerns when compared 
to overhead construction. 

• Operational and Reliability Concerns – With the installation of the transmission line conductors in a 
concrete-encased duct bank, repairs to damaged conductors are lengthy and costly. Areas where 
the underground transmission are placed may also be disrupted due to repairs of the underground 
conductor.  

• System Losses – No analysis was performed to determine the additional system losses associated 
with the underground cable system compared with an overhead line. Underground transmission 
lines have capacitance losses, due to the fact the cable has a thin layer of insulation to the ground 
versus overhead cables.  Underground cables generally heat up more quickly, both by the fact that 
soil can thermally insulate the cables, and the sheath in the design of the underground cable which 
creates additional heat by induced current.  Bonding methods can mitigate heating due to induced 
current in underground lines but, if not correctly managed, can result in damage to the cable jacket.
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1 . S T U D Y  D E S C R I P T I O N  

1.1. OVERVIEW 

The purpose of this document is to generate an indicative cost estimate to inform TEP and interested parties 
of the estimated construction costs for underground 138kV construction.  It also provides information on 
operation, maintenance, and repair concerns for underground transmission lines.  S&L developed the cost 
estimate for a segment of 138kV underground 1.5 miles long based on an urban environment in central 
Tucson and assumed the crossing of several large arterial roads via trenchless installations to limit 
disruptions to the community. 

 

2 . U N D E R G R O U N D  C A B L E  S Y S T E M S  

XLPE Cable is the most common type of cable used for underground transmission lines being installed at 
transmission level voltages. XLPE cable systems have become the preferred underground cable system for 
underground cable installations in the United States.  Therefore, XLPE has been selected as the cable 
system for this study.  

2.1. SYSTEM RATINGS 

When designing underground transmission lines, the most important concept to consider is the ampacity, or 
the rating, of the conductor. The largest impact to the ampacity is the thermal performance of the 
underground system as whole. The calculation for determining the allowable ampacity of the underground 
conductor is complicated with many design factors that have effects on the thermal performance of the 
conductor.  These factors include items such as soil thermal resistivity, cable size, cable depth, and cable 
separation.  

2.1.1. Soil Thermal Resistivity 

Soil thermal resistivity has a large impact on the allowable cable ampacity. The thermal resistivity is an 
important factor for design of underground electric cable systems. It is a measure of how a soil resists heat 
flow away from the cable.  Due to this, thermal properties of the soils/backfill installed around the cable have 
a direct impact on cable ampacity. The entire area surrounding the cable can affect the ampacity, including 
changes in layers and materials around the cable.  Concrete and asphalt placed on top of the cable would 
affect the rating of the cable, most likely in a negative way, dependent on their thermal resistivity.  Therefore, 
to ensure proper cable design modeling of the system is required.   

2.1.2. Cable Size 

The conductor size of the cable has the most obvious impact to the ampacity of the cable. An increase in the 
conductor size has a direct correlation to an increase in ampacity.  There is a limit to the allowable cable 
size. At present, 5000-6000 kcmil is the largest conductor size used for XLPE type cables.  

2.1.3. Cable Depth 

Depth of the cables has an impact on the ratings of the cable.  The deeper the cable is in the soil, the harder 
it is for the surrounding soil to dissipate the heat.  Typically, larger cables are required for deeper 
installations.  
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2.1.4. Cable Separation 

Other cables in proximity can also generate heat and adversely affect the cable ampacity. This condition is 
called mutual heating.  This can be reduced by increasing the separation of the cables.  Optimal separation 
is determined by weighing the separation distance against the amount of excavation required. Increasing the 
separation too much would require larger excavation which in turn drives up project cost. 

 

2.2. INSTALLATION METHODS 

There are multiple types of installations for an underground transmission line.  These include: 1) use of open 
trenches with installation of a duct bank, 2) direct embedment, 3) trenchless type such as Horizontal 
Directional Drill (HDD) or jack and bore.  The most common method in the U.S. is duct bank-type 
installations. Duct banks are installed to provide mechanical protection for the cable. Short lengths of a 
couple hundred feet of trench are opened at a time.  For this project, S&L would recommend the duct bank 
installations where open trench is feasible and jack and bore installations for the short distances under major 
arterial roadways to reduce impacts to the local community. 

There are multiple steps for installation of an underground transmission line.  First, all necessary information 
should be acquired such as geotechnical studies, existing underground utility locations and acquiring all 
permits required for the project.  Secondly, the civil installation includes the excavation of the soil for the duct 
bank, installation of the duct bank described later, installation of the man vaults, backfilling the excavations 
with thermally corrective fill to the desired compaction and restoring the ground surface around the duct 
bank. Next contractors would mandrel the duct bank to ensure proper installation with no obstructions.  
Finally, the electrical construction includes the installation of all cables (electrical and communications), 
splicing, and grounding of the cables and other equipment. After the civil and electrical installations are 
complete, the system is tested before it is placed in operation. 

2.2.1. Open Trench 

Open trench construction would consist of cutting the asphalt road or concrete sidewalk and utilizing 
excavation equipment to remove any sub-grade material and soil to the desired depth of the proposed duct 
bank.  The excavated material would be removed for disposal or stockpiled for use as backfill after 
completion of the duct bank (provided the properties of the soil meet the design criteria).  Excavations 
usually happen in sections to limit the amount of open trench; this would be determined during detailed 
design.  In urban environments, which is the basis for this cost estimate, shoring would be utilized to keep 
excavations open and limit the width of the excavation.   The expected construction width in urban areas is 
20 feet (Figure 2.1) for the trench, excavation and working space. The construction contractor would be 
required to provide traffic control devices to ensure safety for workers and the public. 
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Figure 2-1 — Typical Urban Open Trench Construction 

 

Once a portion of the trench is excavated and clear to the proper depth, polyvinyl chloride (PVC) duct would 
be placed into the open trench. Individual PVC ducts would be used to house each cable and/or 
communication wires to be installed. The ducts would be held in place utilizing plastic duct spacers to ensure 
all the required separation per the design are met (see figure 2.2). In an urban environment, utilities that 
cannot be relocated prior to the construction of the duct bank would increase construction cost and time. 
Existing utilities that must remain in the Right of Way (ROW) would be required to be supported during the 
open excavation and avoided by re-routing the duct bank or changing duct configuration to accommodate 
the existing infrastructure.  These types of details would be determined during detailed design. Duct bank 
spacers are placed three to five feet apart to keep the PVC ducts in the desired configurations.  The area 
would then be framed and filled with high strength thermally corrective concrete (see figure 2.3), with the top 
portion having a red dye added to identify danger during future excavation.  After the concrete has hardened 
the trench is backfilled and the surface returned to pre-construction conditions.    
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Figure 2-2 — Open Trench Spacers 

 

 

Figure 2-3— Open Trench Concrete 
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2.2.2. Trenchless Installation 

There are two types of trenchless methods that are commonly utilized when open trenching may not be 
allowed.  Horizontal Directional Drill (HDD) and jack and bore.  Trenchless type installations are used in 
areas were open trench is not allowed such as major road crossings, intersections, railroads, bodies of 
water, and other environmentally sensitive areas. For the urban environment in this estimate, jack and bore 
was used to cross under arterial roadways due to the short crossings, under 400 feet.  Jack and bore 
installations consist of installing a non-metallic casing such as high-density polyethylene (HDPE), fiberglass 
or reinforced concrete pipe, and then installing the smaller ducts within the larger casing. Jack and bore can 
only be installed in a straight path. 

Jack and bore must be installed via a send and receive pit excavated on either side of the crossing.  Send 
pits are typically 30’ long x10’ wide to the required depth of the bore approximately 16’ deep. Depth may vary 
based upon existing utilities. This size is required for the boring equipment and for placing the casings which 
are approximately 20’ sections but vary dependent on send pit sizes.  Receive pits are commonly smaller in 
size averaging 10’ long x 10’ wide to the same depth as the send pit. Due to the depth of the excavation 
shoring would be required to maintain the safety of all workers in the pit based on the assumption there 
would not be enough room to bench the excavation.  The excavated material must also be considered for 
storage during the jack and bore process. This can lead to an even larger area required for the jack and bore 
process. Casings can vary in size from 14 to 80+ inches in diameter, depending on project requirements.  

 

Figure 2-4 — Jack and Bore – Send Pit 
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Figure 2-5 — Jack and Bore – Equipment 

 

2.2.3. Vaults 

Man-vaults would be required along the route for cable installation, splicing, inspection, maintenance 
requirements and access for future repairs.  Man-vault spacing, and location are determined by maximum 
cable reel length, cable pulling tensions, and side wall pressures. Typical distance between vaults is 
expected to be 1,500 to 2,500 feet for the XLPE cable.  The size of man-vaults is based on the type of cable 
system installed. Typical dimensions for man vaults are between 25-35 feet long by 7-10 feet wide by 10-12 
feet tall dependent on voltage.  Excavations are expected to 37 feet long by 12 feet wide by 12 - 16 feet 
deep dependent on existing infrastructure. Typically, man vaults are pre-cast and delivered to the site for 
installation.  After installation, the over excavation is backfilled. 
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Figure 2-6 – Man Vault Placement 

 

Figure 2-7 – Man Vault Backfill 
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2.2.4. Cable Installation and Testing 

After the civil portion of the underground installation (no conductors placed in ducts at this time) is complete, 
the duct bank would be tested and cleaned by pulling a mandrel and swab through each of the ducts.  This is 
done to ensure all ducts are concentric with correct clearance for cable, are clean of debris and are ready for 
cable pulling.  Once each duct is cleared the cables can be installed. The typical cable pulling setup would 
be to set the reel of cable at one end of the pull and place a winch truck at the opposite end. Direction of pull 
between man vaults would be determined based on the direction that results in the lowest pulling or sidewall 
tensions. Once all the cables are pulled into a man-vault from each direction, splicing of the cable could 
commence. This process is repeated until all the cables have been pulled and spliced or terminated. 

Figure 2-8 – XLPE Cable Reel 
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Figure 2-9 – XLPE Cable Installation 

 

 

After completion of the installation, all splices and terminations of the cable must be tested before being 
placed in service. Testing includes a jacket integrity test using a specified DC voltage to ensure the jacket is 
continuous from end to end. Historically, an AC soak test would also be performed where the cable would be 
connected at rated voltage without load and left to “soak” for 24 hours. This enables the insulation to be 
stressed prior to current flow. 

2.3. MAINTENANCE 

Underground transmission lines require routine maintenance to ensure the cables continue to operate with 
uninterrupted service.  Maintenance is primarily visual inspection of terminations, splices, man vaults, 
arrestors, grounds, riser structures, and cables.  This type of maintenance is dependent on the utility but is 
recommended every 6 to 12 months for standard maintenance and a higher intensity maintenance 
performed in five-year intervals.  To accommodate for visual inspections, the line would have to be de-
energized and lane closures maybe necessary to allow inspectors access into the vaults.     
 

2.3.1. Cable Failure and Repair 

Underground transmission lines, in general, are reliable. However, should a cable failure occur, the time to 
restore service can be lengthy.  Overhead lines, utilizing standard material, can usually be placed back into 
service in a matter of days.  On the other hand, underground transmission lines may be out of service for 
months as new cable is ordered. Accurately locating the cable failure is extremely important. Overhead line 
faults are relatively easy to identify and correct as visual inspections provide a quick analysis and plan for 
repair.  Locating a failure for underground lines is much more difficult as visual inspection is nearly 
impossible.  Therefore, other methods are used to locate the failure(s). The most common method of 
locating a fault is to apply a capacitor discharge signal and detect return signal using an acoustical device. 
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Once the fault is located, a specialized contractor such as the cable manufacturer would need to make the 
repairs.  Faults may be so great that the cable cannot be reused and depending on the level of failure, could 
fuse to the duct.  In this case, if the duct has a spare, a new cable would need to be purchased, 
manufactured and pulled. If there is no spare position in the duct bank, then a replacement duct bank would 
need to be installed. 

 

3 . P R E L I M I N A R Y  D E S I G N  

This assessment is based on a 1.5-mile route in an urban location of central Tucson, which would require 
installation of the duct bank in the road, road shoulder, or sidewalk area dependent on location.   S&L has 
assumed that most of the line would be installed in road or road shoulder.  It is also assumed that most of 
the existing storm drains would be avoided by this placement limiting the amount of existing infrastructure 
interactions. At this stage, no preliminary modeling, surveys or other design support activities have been 
performed.  A full list of assumptions is provided in section 4.   

 

3.1. DESIGN INPUTS 

Table 3-1 – Preliminary Cable Data 

CONDUCTOR SIZE 6000 KCMIL 

CONDUCTOR MATERIAL  COPPER 

CABLE DIAMETER 4.86 INCHES 

CABLE WEIGHT 24.4 LB/FT 

AMPACITY* 2180 A 

*  Ampacity based off standard documentation and conditions; project specific ampacity would be 
determined at detailed design.  

Based on the cable size, it is expected that the duct bank would require 8” ducts to supply enough space for 
the specified conductor.  S&L recommends a single spare cable be installed during the initial installation to 
increase reliability of the new underground transmission line by reducing outage times in the event of a fault.  
In addition, S&L would recommend a spare duct be installed in the event that if catastrophic damage occurs 
in a duct, TEP can install a new cable without developing an entirely new duct bank. It is assumed the 
permanent right of way width required for the duct bank would be 30 feet wide 

For communication wires and Ground Continuity Conductor (GCC), TEP requested use of 3” conduits.  A 
single 3” duct would be utilized for the installation of one 96 count single mode fiber optical cable for 
communication support for the transmission line. A second 3” duct would be utilized for the installation of a 
fiber optic cable that would be used for distributed temperature sensing fiber (DTS). The DTS would be used 
to monitor the temperature of the conductors in the duct bank to ensure the protection of the conductor. The 
third duct would house the GCC to support the cable grounding method which would be finalized during 
detailed design. Finally, S&L recommends a fourth 3” duct be installed as a spare in the event that there is 
damage to one of the 3” ducts.  

S&L identified, using preliminary GIS data that up to 12 crossings of sewer lines could be expected in a 1.5-
mile segment of underground line in central Tucson.  During actual design of the 138kV underground 
transmission line, it is expected to encounter storm water, communications, and gas lines may, are expected 
to be encountered which may result in higher installation cost.  It is expected that these interferences will be 
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encountered multiple time on the project due to the urban nature of the route.  

3.2. ELECTRICAL DESIGN 

For the purposes of this estimate, a 6000 kcmil cable was chosen in order to provide a comparable ampacity 
rating to the standard 954 ACSS HS “Rail” conductor utilized on new TEP overhead 138kV line designs. No 
electrical calculations have been performed to determine preliminary cable ampacity and electrical 
characteristics.  To perform this work, CYMCAP, a cable ampacity program developed by Eaton would be 
used to model the underground transmission layout. The modeling would include modeling of all material 
placed around the conductor, depth and configuration of duct banks/bores along the route.  If determined 
during the detailed modeling of the system that the ampacity is not met, more conductor area would be 
required; this may potentially require a second cable per phase. This could have significant impacts to the 
design, increasing the duct bank size and requirement of additional materials. In addition, no EMF 
calculations have been performed at this stage. 

3.3. OPEN CUT TRENCH PARAMETERS 

Since data has not been gathered for underground infrastructure along the sample route, S&L assumes the 
average depth of the duct bank would be at minimum, 6 feet. Most existing underground infrastructure would 
be crossed by open trench except when in designated road jack and bore crossings.  The duct bank would 
have five 8” PVC ducts for cables and four 3” PVC ducts. Below is a preliminary representation of the 
proposed duct bank design.   

Figure 3-1 — Preliminary Duct Bank Layout 
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3.4. TRENCHLESS DESIGN PARAMETERS 

It is expected that trenchless installations would be required under every major arterial roadway (greater 
than 4 lanes of traffic).  For this study, it was assumed that there would be three crossings requiring a jack 
and bore, each approximately 200-ft in length. S&L has estimated the bore casing would be 48” in diameter 
to support the duct installation.  It is expected the boring would be filled with thermal grout such as bentonite 
to aid in heat dissipation.  Depth of the bore would be determined during detailed design once all existing 
infrastructure and other required inputs clarify the design.  

 

Figure 3-2 — Preliminary Bore Layout 
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4 . C O S T  E S T I M A T E  

4.1. COST ESTIMATE ASSUMPTIONS 

This cost estimate is based on standard pricing and/or pricing attained for a 1.5-mile-long underground line 
in urban, central Tucson.  There are many factors that can affect the overall cost of the transmission line.   

Below is a list of assumptions for this estimate: 

1. Costs are based on 2020 costs.  No escalation is included.  Therefore, cost of materials can 
fluctuate and affect the overall estimate. 

2. Subsurface Conditions - No underground infrastructure was considered for this study.  Existing 
infrastructure can have major effects on construction and therefore would have significant impacts 
on cost.   At this stage S&L has assumed a 6’ deep trench and 16’ deep trenchless installations 
would be acceptable. 

3. Soil types, such as rock, have impacts on cost. At this stage S&L assumed no rock or caliche would 
be encountered within the study area.   

4. The City may have special requirements that may impact the current restoration estimate 
assumptions.  S&L has assumed the project would only require repair of the removed asphalt, curbs, 
and sidewalks.   If more is required by the City, this would increase the cost.  

5. Estimate does not include any environmental costs.  This could increase costs based on level of 
environmental requirements for the project.  This would be defined in the detailed design stage of 
the project. 

6. Assumes single point bonding scheme. 

7. Assumes 6,000kcmil conductor. 

8. Estimate does not include any costs for right of way, easement acquisition, or temporary 
construction easements. 

9. Duct installation cost includes excavation, shoring, duct placement, placement of concrete (including 
red dye), and compaction of soil above. 

10. No spare material has been included, unless identified otherwise. 

11. Only three arterial roads requiring jack and bores were assumed for the study.  

12. No sales tax has been included on material. 

13. A 20% contingency due to unknowns is included. 

14. Materials used in the cost estimate meet all applicable industry standards. 

15. Construction would be performed by qualified and experienced contractors. 

16. S&L assumes 5 ducts for conductor and 4 ducts for communication and other cables. 

17. Vaults are assumed to be installed approximately every 2,000 feet. 

18. Asphalt repair assumes 7’ wide repair. 

19. Excavation assumes 30% swell of soils for hauling purposes. 
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4.2. COST ESTIMATE 

ITEM DESCRIPTION QUANTITY 
MATERIAL UNIT PRICE 

($/UNIT) 
TOTAL MATERIAL 

COST ($) 
LABOR UNIT PRICE 

($ UNIT) 
TOTAL LABOR COST 

($) 
TOTAL OVERALL 

COST ($) 

EARTHWORK AND DUCT BANK INSTALLATION 
1 8-inch PVC Conduit, Per ft 39000 $8.18 $319,020.00 $0.00 $0.00 $319,020.00 

2 3-inch PVC Conduit, Per ft 31200 $1.67 $52,104.00 $0.00 $0.00 $52,104.00 

3 Conduit Duct Spacers, Each 2600 $30.00 $78,000.00 $0.00 $0.00 $78,000.00 

4 Man Vault, Each 5 $45,000.00 $225,000.00 $25,000.00 $125,000.00 $350,000.00 

5 Duct Installation, Per ft 7200 $0.00 $0.00 $240.00 $1,728,000.00 $1,728,000.00 

6 Haul Away, cubic ft 170900 $2.00 $341,800.00 $0.00 $0.00 $341,800.00 

6 Asphalt Replacement, sq. ft 41500 $4.75 $197,125.00 $0.00 $0.00 $197,125.00 

7 Sidewalk/Curb Replacement, ft 1700 $140.00 $238,000.00 $0.00 $0.00 $238,000.00 

8 Landscape Restoration, sq. ft 8120 $4.00 $32,480.00 $0.00 $0.00 $32,480.00 

9 Utility Relocation, lot 10 $30,000.00 $300,000.00 $22,500.00 $225,000.00 $525,000.00 

10 Steel plating, monthly rental 10 $14,400.00 $144,000.00 $0.00 $0.00 $144,000.00 

11 Traffic Control, days 410 $1,000.00 $410,000.00 $0.00 $0.00 $410,000.00 

TRENCHLESS INSTALLATION (JACK AND BORE) 

12 Jack and Bore, Per ft 620 $675.00 $418,500.00 $675.00 $418,500.00 $837,000.00 

13 Mobilization / Demobilization, lot 1 $0.00 $0.00 $50,000.00 $50,000.00 $50,000.00 

14 Bore Spacer, each 130 $275.00 $35,750.00 $0.00 $0.00 $35,750.00 

15 Bore Grout, cubic ft 12200 $1.85 $22,570.00 $0.00 $0.00 $22,570.00 

16 Haul Away, cubic ft 15900 $2.00 $31,800.00 $0.00 $0.00 $31,800.00 

17 Bore Pit Excavation, cubic ft 28100 $0.00 $0.00 $14.50 $407,450.00 $407,450.00 

18 
Excavation Pit Soil Removal, 

Replacement and Compaction, cubic ft 
27400 $6.00 $164,400.00 $0.00 $0.00 $164,400.00 

19 Asphalt Replacement, sq. ft 1800 $4.75 $8,550.00 $0.00 $0.00 $8,550.00 

20 Shoring, per ft 400 $80.00 $32,000.00 $0.00 $0.00 $32,000.00 

CABLE AND ACCESSORIES 
21 XLPE Cable, per ft 31200 $120.00 $3,744,000.00 $0.00 $0.00 $3,744,000.00 

22 Spare XLPE Cable on reel, per ft 2100 $120.00 $252,000.00 $0.00 $0.00 $252,000.00 

23 Terminators, each 6 $7,200.00 $43,200.00 $9,000.00 $54,000.00 $97,200.00 

24 Spare Terminators, each 2 $7,200.00 $14,400.00 $0.00 $0.00 $14,400.00 

25 Arresters, each 6 $2,500.00 $15,000.00 $1,500.00 $9,000.00 $24,000.00 

26 Spare Arrester, each 2 $2,500.00 $5,000.00 $0.00 $0.00 $5,000.00 

27 Splices, each 20 $3,600.00 $72,000.00 $9,000.00 $180,000.00 $252,000.00 

28 Spare Splices, each 4 $3,600.00 $14,400.00 $0.00 $0.00 $14,400.00 

29 Grounding System for Vault, each 5 $4,000.00 $20,000.00 $3,000.00 $15,000.00 $35,000.00 

30 Grounding System for Structure, each 2 $3,500.00 $7,000.00 $1,500.00 $3,000.00 $10,000.00 

31 Cable Clamps, each 218 $100.00 $21,800.00 $0.00 $0.00 $21,800.00 
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ITEM DESCRIPTION QUANTITY 
MATERIAL UNIT PRICE 

($/UNIT) 
TOTAL MATERIAL 

COST ($) 
LABOR UNIT PRICE 

($ UNIT) 
TOTAL LABOR COST 

($) 
TOTAL OVERALL 

COST ($) 

32 Continuity Conductors, per ft 7800 $3.50 $27,300.00 $0.00 $0.00 $27,300.00 

33 Cable Installation, Splicing, grounding, 
days 

60 $0.00 $0.00 $9,000.00 $540,000.00 $540,000.00 

34 Jacket integrity test, lot 1 $0.00 $0.00 $300,000.00 $300,000.00 $300,000.00 

35 Discharge/Withstand Test, lot 1 $0.00 $0.00 $120,000.00 $120,000.00 $120,000.00 

FIBER OPTIC INSTALLATION 
36 Fiber Optic Cable, per ft 8000 $1.50 $12,000.00 $0.00 $0.00 $12,000.00 

37 Hand Vaults for Fiber, each 2 $700.00 $1,400.00 $0.00 $0.00 $1,400.00 

38 
Excavation for Hand Vaults & Haul 

away, cubic ft 
70 $2.00 $140.00 $14.50 $1,015.00 $1,155.00 

39 Sidewalk/Curb Replacement, ft 20 $140.00 $2,800.00 $0.00 $0.00 $2,800.00 

40 Fiber Optic Cable splices, each 4 $1,000.00 $4,000.00 $4,000.00 $16,000.00 $20,000.00 

41 Temp. Sensing Fiber System, lot 1 $215,000.00 $215,000.00 $0.00 $0.00 $215,000.00 

TERMINATION (RISER STRUCTURES) 
42 Structure, each 2 $90,000.00 $180,000.00 $50,000.00 $100,000.00 $280,000.00 

43 Foundation Installation, each 2 $35,000.00 $70,000.00 $0.00 $0.00 $70,000.00 

ENGINEEERING/ MANAGEMENT/ MISC.  
44 Engineering, lot 1 $0.00 $0.00 $750,000.00 $750,000.00 $750,000.00 

45 Geotechnical Including Thermal, lot 1 $0.00 $0.00 $150,000.00 $150,000.00 $150,000.00 

46 Underground Utility Survey  1 $0.00 $0.00 $125,000.00 $125,000.00 $125,000.00 

47 Construction Management, lot 1 $0.00 $0.00 $350,000.00 $350,000.00 $350,000.00 

48 Mobilization / Demobilization, lot 1 $0.00 $0.00 $200,000.00 $200,000.00 $200,000.00 

49 Permitting 1 $0.00 $0.00 $0.00 $0.00 $0.00 

50 
Environmental Compliance & 

Monitoring 
1 $0.00 $0.00 $0.00 $0.00 $0.00 

SUMMARY 

Summary of Cost $7,772,539.00  $5,866,965.00 $13,639,504.00 

 Summary of Cost with Contingency (20%) $9,327,046.80  $7,040,358.00 $16,367,404.80 
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5 . P R E L I M I N A R Y  S C H E D U L E  

5.1. PRELIMINARY SCHEDULE 

Task Name 
Duration 

(Months) 

Engineering and Permitting Portion 12 

Material Procurement 6 

Civil Construction Portion 10 

Electrical Construction 4 

 

6 . C O N C L U S I O N S  

TEP’s typical installation cost for a 138kV overhead transmission line is approximately $1 million a mile for a 
design in an urban environment. Based on the underground estimate developed in this analysis, an 
underground transmission line would cost approximately $16.4 million or about 11 times the cost of an 
overhead transmission line.  It should also be recognized that there is a higher annual cost of maintenance 
for an underground transmission line due to additional maintenance and inspection costs associated with an 
underground line versus and overhead line.   
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