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Section 1 

Introduction 
 

1.1 Background 
The Metropolitan Government of Nashville and Davidson County (MWS) Central Waste Water 

Treatment Plant (CWWTP) has had numerous miscellaneous electrical improvements since the 

plant was commissioned in 1958. These improvements generally focused on specific treatment 

processes or systems and appear to be implemented with little consideration to the overall plant 

electrical power system.  Discussions with MWS staff indicate that there has not been a plant-wide 

electrical study that assesses the condition of existing equipment and analyzes facility loading, 

reliability, and future plant expansion performed at the CWWTP. 

The U.S. Environmental Protection Agency (EPA) and the Tennessee Department of the 

Environment and Conservation (TDEC) has issued a Consent Decree to MWS to improve water 

quality in the Cumberland River basin.  In response to this Consent Decree, MWS is reviewing the 

entirety of the CWWTP to determine existing equipment operation and condition.  Part of this 

review is to assess the condition of the existing plant electrical equipment and determine if the 

equipment is due to be replaced based on equipment age, condition and performance.   MWS 

requested that CDM Smith perform this assessment. 

1.2 Objectives 

The objectives of this assessment are described below. 

This assessment provides an evaluation of the existing electrical distribution system and a visual 

assessment of the existing electrical equipment.  The evaluation will consider existing conditions, 

reliability concerns, single-mode failure points, NFPA 820 (Standard for Fire Protection in 

Wastewater Treatment and Collection Facilities), and a review of NEC (National Electrical Code) 

issues (where noticed). The study will also provide an overall existing single-line power diagram 

for the facility down to the 480-volt distribution level.  It is noted that visual inspection is limited 

to viewing items that are readily accessible; as examples, cabinets were not opened if a panel, MCC 

or switchgear was powered up and tanks were not drained to allow access to submerged electrical 

equipment. 

A second element in this assessment is to coordinate with the CWWTP Improvements Project to 

determine (1) which electrical equipment will be upgraded as part of the CWWTP Improvements 

Project and (2) which electrical equipment currently not included in the CWWTP Improvements 

Project should be added to the Project. 
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The assessment of the existing plant’s electrical system and the presentation of recommendations 

are based on the following key objectives: 

� Operational Flexibility – The electrical distribution system should provide maximum flexibility 

to operate under a range of water demand and treatment conditions. Electrical distribution 

should be designed to facilitate installation of future loads without replacement of the 

switchgear or other major electrical components. 

� Ease of Operation and Maintenance – The electrical distribution system should be designed to 

provide ease of operation and reduce existing maintenance requirements. 

� Increased Reliability to minimize impact from failures – The distribution system should be 

designed to avoid common mode failures and utilize a split bus design, where applicable. 

� Coordination with the CWWTP Plant Improvements Project - As the loading of the plant is 

changed via this project the overall plant demands must be accounted for and verified.  Also, 

CWWTP electrical equipment not directly impacted by the CWWTP Improvements Project but 

in need of replacement may be added, per MWS directive.
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Section 2 
Electrical System Review 

 
2.1 Existing Power System  

2.1.1 Utility Services 

The utility feeding CWWTP is Nashville Electric Service (NES); there are two incoming overhead 

lines from the Van Buren substation located near the plant.  The Van Buren substation is fed from 

two remote NES substations (Central and Metro Center);  

The Van Buren substation serves CWWTP via two independent 

services to the plants main service entrance switchgear (Switchgear 

MSG) via overhead pole line distribution.  Each of the NES overhead 

feeds are routed underground (UG) from the Van Buren substation 

and transition to poles.  The overhead lines (OH) are routed to the 

plant via 2nd Street and 3rd Street.  Once on the plant site, the overhead lines are each transitioned 

to underground at poles located adjacent to the main electrical building (also known as the ‘hot 

house’).  From each pole, underground service conductors (one set of 500 kcmil, 15 kV cables) are 

routed to dual main breakers located in switchgear MSG.   
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2.1.2 Plant Distribution System 
 

The CWWTP 13.8 kV distribution system is predominantly of the secondary selective system 

design (main-tie-main arrangement).  The only major area of the plant that does not follow the 

secondary selective model is at the Biosolids area; this area is a ‘loop’ system. Simply stated, the 

liquids process side is secondary selective system and the Biosolids area is a loop system creating 

two distinctive systems. 

 

Switchgear MSG is located within a brick/block building located near the central pumping station.  

This building is commonly referred to as the ‘hot house’.  This installation would require extensive 

building modifications for any expansions. In fact, there is a code violation regarding the rear of 

the switchgear; this is discussed further in paragraph 2.4.5.  

 

Switchgear MSG is rated for 13.8 KV, 3-phase, 1200 amps.  MSG includes dual main breakers and a 

tie breaker along with fifteen (15) 13.8 KV feeder breakers that serve the plant area loads.  The 

feeder breakers are designated with circuit naming convention of ‘A-1’, ‘A-2, ‘B-1’, ‘B-2’, etc.  The 

circuits are generally routed in pairs, for this report the analysis will review simply as ‘A’, ‘B’, ‘C’, 

etc.  Each of the circuits powered from MSG are routed throughout the plant via an existing 

underground raceway system consisting of manholes and concrete encased ducts.  The feeder 

breakers provide power for both outdoor liquid filled pad mount type transformers and outdoor 

liquid filled substation style transformers.  These transformers step the voltage down from 13.8 

KV to 4.16 kV as well as 13.8 kV to 480 V.  The 4.16 kV is utilized for the largest of the existing 

plant loads (i.e. blowers), while the 480V systems serve the majority of the plant process systems.    

 

An overall plant single line drawing is included in Appendix A.  This single line provides an 

overview of the plant incoming and feeder circuits.  To aid in the review of the single line, a 

general discussion of each individual circuit is provided in paragraph 2.1.2.1. 

2.1.2.1 MSG Feeder Circuit Overview  

Circuit ‘A’  

Circuit ‘A’ currently feeds one half of the Biosolids loop system via switchgear MSG feeder breaker 

‘A-1’.  This circuit is served by one set of 500 kcmil, 15 kV cables to pad mounted gear at the 

Biosolids area.   
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This circuit is the newest at the CWWTP site. 

Circuit ‘B’ 

Circuit ‘B’ currently feeds transformers T14 & T15 via MSG circuit breakers ‘B-1’ and ‘B-2’.  Each 

circuit has one set of 1/0, 15 kV cables to its respective transformer. This circuit primarily feeds 

the old main pumping station (maintenance building).  This circuit does not contain a heavy 

concentration of plant process loading.   

Circuit ‘C’ 

Circuit ‘C’ currently feeds numerous process areas (process center; south grit) as well as the 

administration building.  This circuit is served from MSG circuit breakers ‘C-1’ and ‘C-2’. Each of 

the circuits has one set of 500 kcmil, 15 kV cables.  These circuits are routed to outdoor 

switchgears ‘S2’ & ‘S3’.  Switchgear mounted gear ‘S2’ & ‘S3’ in turn feed transformers T9, T10, 

T11, T12, T13, T17-1 & T17-2 and medium voltage starter panel ‘M1’.  Most of the equipment (i.e. 

switchgear, transformers, MCC’s, etc.) is over 30 years old.  

Circuit ‘C’ has double lugging at switchgear S2 and S3 incoming primary switches.  Refer to the 

commentary following the circuit descriptions for more information regarding double lugging 

concerns.  

Circuit ‘D’ 

Circuit ‘D’ currently feeds numerous process areas (blower building, north aeration, intermediate 

screw pumps, etc.). This circuit is served from MSG circuit breakers ‘D-1’ and ‘D-2’.  Each of the 

circuits has one set of 500 kcmil, 15 kV cables that feed each side of the outdoor load interrupter 

switchgear located near the blower building. 

This circuit by far has the heaviest concentration of critical process loads, serving the blowers, 

intermediate pumps, north aeration, etc.  Maintaining operation on this circuit should be 

considered critical to maintaining plant operations. 

The load interrupter switchgear powers numerous transformers (T13-1, T13-2, T13-3, T13-4, T4-

1 & T4-2).  Transformers T4-1/T4-2 are fed directly from the switchgear via individual primary 

switches.  However, transformers T13-1, T13-2, T13-3 & T13-4 are fed via primary switches but 

these are so by ‘double’ lugging the 15 kV cables (T13-1 & T13-3 from one primary switch and 

T13-2, T13-4 from another primary switch).  Specifically, the connection for T13-1 and T13-2 is 
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made at the line side of T13-3 & T-13-4 incoming primary switches.  Refer to the commentary 

following the circuit descriptions for more information regarding double lugging concerns. 

Circuit ‘E’ 

Circuit ‘E’ currently feeds numerous process areas (aeration, settling tanks, chlorination/de-

chlorination, etc.). This circuit is served from MSG circuit breakers ‘E-1’ and ‘E-2’.  Each of the 

circuits has one set of 500 kcmil, 15 kV cables that feed transformers T1, T2, T3, T4, T5, T6, T7, T8, 

11T-1, T5-1, T5-2, T15-1 & T15-2.  Note that transformers T1 & T2 are currently being removed 

by MWS and will be out of service by December 2014. 

Similar to circuit ‘D’, circuit ‘E’ is heavily loaded and serves numerous critical process loads. 

Maintaining operation on this circuit should be considered critical to maintaining plant 

operations. 

Circuit ‘E’ has double lugging and triple lugging.  Double lugging occurs at the primary switch for 

T2.  Triple lugging occurs at the primary switches of transformers T1, T3, T4, T5, T6, T7 & T8.  The 

numerous lugging arrangements are better seen on the overall single line included in Appendix A  

Refer to the commentary following the circuit descriptions for more information regarding double 

lugging concerns.  

Circuit ‘F’ 

Circuit ‘F’ currently feeds the central pumping station. This circuit is served from MSG circuit 

breakers ‘F-1’ and ‘F-2’.  Each of the circuits has one set of 350 kcmil, 15 kV cables that feed 

transformers T18-1, T18-2, T18-3 & T18-4. 

Circuit ‘F’ has double lugging at 18T-1 & 18T-2 primary switches.  Refer to the commentary 

following the circuit descriptions for more information regarding double lugging concerns.  

Circuit ‘G’ 

Circuit ‘G’ currently feeds one half of the Biosolids loop system via switchgear MSG feeder breaker 

‘G-1’.  This circuit is served by one set of 500 kcmil, 15 kV cables to pad mounted gear at the 

Biosolids area.   

Similar to circuit ‘A’, this circuit is the newest at the CWWTP site. 
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Circuit Double Lugging  

Double lugging of cabling such as the cases noted above are  primarily done to limit the amount of 

equipment (i.e. circuit breakers, load break switches, etc.).  This however comes with a tradeoff 

with respects to the reliability and maintainability of systems employing double lugging.  

For instance, with circuit ‘D’; if there were to be a cable fault that fed T13-3, this fault not only 

affects T13-3 but also T13-1.  In this instance, both of these transformers would be lost by a single 

event.  Similarly, maintaining this equipment also results in more than one piece of equipment 

needing an outage (i.e. to service either T13-3 or T13-4, outages at T13-1 or T13-2 are necessary).  

Where changes are made for the CWWTP Improvements Project, a strong effort to correct the 

double/triple lugging concerns is recommended. 

 

2.2 Electrical Distribution System Reliability   

Overview 

2.2.1  TDEC Regulations and Design Criteria 

Per TDEC, the CWWTP effluent discharge requirements dictate that Class I reliability must be 

provided for the electrical systems vital components.  The reliability design criterion for 

wastewater facilities in the State of Tennessee is defined by TDEC’s, “Design Criteria for Sewage 

Works (DCSW)”.  Current TDEC requirements utilized in this report were obtained from the 

following TDEC web site:     

     http://tn.gov/environment/wpc/publications   

Class I reliability is defined in the DCSW requirements as follows: 

Sufficient to operate all vital components during peak wastewater flow conditions,   

together with critical lighting and ventilation. 

TDEC design criteria addresses the power distribution “External to the Works”, which is the utility 

system distribution and “Within the Works”, which in this case is the Central wastewater 

treatment plant are the 13.8 kV, 4.16 kV & 480V power distribution systems.   

TDEC Design Criteria for the utility sources states: 
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1.3.11.5 Electrical Power System – Power Distribution ‘External to the Works’ 

The independent sources of power shall be distributed to the works’ transformers in a way to 

minimize common mode failures from affecting both sources. 

Example: The two sets of distribution lines should not be located in the same conduit or 

supported from the same utility pole. The two sets of overhead distribution lines, if used, 

should not cross nor be located in an area where a single plausible occurrence (e. g., fallen 

tree) could disrupt both lines. Devices should be used to protect the system from lightning. 

Presently both of the NES sources are separated via the two incoming lines from the Van Buren 

substation, in accordance with TDEC criteria.  The Van Buren substation in turn is powered from 

the Central Substation.  The Central substation is fed from two separate feeds.  The origins of the 

two feeds that serve the Central substation were not examined in this report.         

TDEC criteria for the electrical design within the plant are as follows: 

1.3.11.5 Electrical Power System - Power Distribution ‘Within the Works’ 

234.1 Service to Motor Control Centers 

The internal power distribution system shall be designed such that no single fault or loss of a 

power source will result in disruption (i. e. , extended, not momentary) of electric service to 

more than one motor control center associated with the Reliability Class I, II, or III vital 

components requiring backup power per Paragraph 231, above. 

234.2 Division of Loads at Motor Control Centers 

Vital components of the same type and serving the same function shall be divided as equally 

as possible between at least two motor control centers, Nonvital components shall be 

divided in a similar manner, where practicable. 

Presently, the CWWTP generally meets the requirements in paragraph 234.1. This is due primarily 

to the 13.8 kV primary electrical distribution system.  The 4.16kV & 480v systems are not fully 

redundant, as in many cases the secondaries of the transformers are simple radial systems by 

virtue that the motor control centers they serve have no tie breaker/switch to interconnect them 

in a secondary selective manner.  
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The overall radial feeds from the transformers can provide separation of the plant process loads 

by having multiple pumps, blowers, equipment, etc. that reside on separate feeders or 

transformers (even/odd numbered equipment on separate transformers).  The fundamental issue 

with this arrangement is that the entire process cannot be operated if one feeder is down because 

there is no secondary tie link.  Some examples and further discussions are included in Section 

2.2.3.   

2.2.2  Utility Grid System Reliability 

A brief discussion about general overall large power grid systems and reliability is warranted for 

the CWWTP.  The power grid in this discussion is the system from which the NES system receives 

its source of power, or more specifically the power to the CWWTP substation.  The actual power 

grid topic is beyond the scope of the TDEC reliability document, however this subject is still 

relevant as it speaks to the existing plant’s ‘dual utility’ concept directly. 

The redundancy of dual utility feeds has in recent years come under scrutiny.  This scrutiny is 

primarily due to the potential of having localized, state wide or multiple state power grid failures 

or outages under severe weather conditions (such as ice storms, tornadoes, earthquakes, etc.), 

major grid overloading, potential grid terrorist attacks, etc.  While these events are rare, they do 

occur.  For example, the massive power outage that occurred in the northeastern United States on 

August 14, 2003 brought into question reliability of redundant utility sources under extreme 

events.  This and other recent large scale multiple State power grid outages that have occurred in 

the past ten years across the United States, have brought into question the true independence of 

‘redundant’ sources of power even when they may come from two separate directions or different 

substations.  The overall utility grids in the United States are, in general, interconnected and all 

dependent on the stability of the major power zones of the grid.  If entire sections of the power 

grid system were to be lost, millions of customers are affected.  In the case of the northeast event, 

more than 50 Million customers were without power and in the Cleveland, Ohio region this outage 

lasted nearly 30 hours.   

Of specific note to the NES/CWWTP system, the transformers at the Van Buren and Central 

substations are side by side without a separating wall between the transformers to prevent fire 

spread.  Large substation transformers can catch on fire under a catastrophic failure and, without 

some form of transformer isolation, the fire can spread to other substation transformers, thereby 

shutting down the entire substation and the CWWTP incoming power supply. 
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The point of this discussion is that, even having dual substation feeds, electrical system or plants 

are not immune to outages under severe events.  Designs in which owners can maintain direct 

control of their power systems by systems complete with onsite standby power would be 

considered the most reliable to maintaining operations at critical facilities such as this plant. 

2.2.3  Internal Plant System Reliability 

The reliability of electrical systems is a combination of the following factors: 

• Having more than one power source with interconnect ability 

• Distribution equipment age and condition 

• Ability to maintain equipment easily and safely. 

 

In many locations, the CWWTP does not meet reliability criteria.  As discussed previously, the idea 

that two transformers at one substation constitutes a redundant power supply is coming under 

increased scrutiny, particularly if these sources cannot be interconnected.   

 

At CWWTP, much of the equipment is well past its design life and the equipment condition calls 

into question its reliability.  This also applies to the cabling systems, as aged cables such as exist at 

the CWWTP are much more prone to failures.  Section 2.4 of this report includes a more in-depth 

discussion regarding equipment condition assessments.  

 

As discussed in paragraph 2.2.2, the internal plant system at the 13.8 kV primary feed distribution 

level is adequate from an overall design/layout standpoint. This is due to redundant (dual) feeds 

routed to most of the plant transformers along with tie interconnect.  However, at the 4.16 kV and 

480V level (MCC’s & panelboards) the redundancy does not always carry forward.  Many of the 

transformer secondary systems are simple radial design.   Radial type distribution systems 

provide no protection from common mode failures at the equipment level or distribution level. 

Routine equipment maintenance is generally difficult, unless there is a complete process 

shutdown for its respective area. Common mode failures occur when a single fault or loss of 

power causes a disruption to the power distribution equipment (i.e., more than one process pump, 

blower, etc. or complete loss of process units).   
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Listed below are some areas of the plant that have simple radial systems on the secondary side of 

transformers.  In addition, some key examples are noted in more detail below: 

� Blower Building 

� North Aeration Tanks 

� Administration Building 

� Transformer 06AT1 (Odor Control Building) 

� East Aeration 

� Secondary Settling Tanks 

� Chlorination/Dechlorination 

Administration Building: 

The administration building is one area of the plant that is a simple radial system on the 

secondary side of transformer T13.  The primary side of T13 is dual fed via circuit ‘C’; however the 

single transformer results in a single point of failure.  It has been assumed that the administration 

building is a critical component and would warrant correcting the single point of failure concern.  

There are two possible options listed below.  Either of these would enhance the reliability for the 

administration building: 

1. Install a second transformer and reconfigure the primary switches and circuit ‘C’  

2. Provide a stand-by power system (i.e. diesel generator)  

As with other areas of the plant, the administration building major electrical equipment (MCC’s, 

panelboards, etc.) is over 30 years old.  Strong consideration to replace this equipment as soon as 

possible is recommended.     

 

Blower Building: 

The 4.16 kV blower MCC and intermediate (screw)/grit pump 480V MCC’s are simple radial 

systems from the transformers.  Even though the 13.8kV primary is secondary selective it does not 

carry down to these levels.   
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For example, at the blower building; MVMCC-H1-31 & MVMCC-H1-32 each serve two blowers.  

With the current arrangement, if one of them were to be off line, then the capacity of blowers is 

limited to two.  In contrast, if there was a secondary tie between these MCC’s, and the same outage 

occurred, by virtue of the tie breaker all four blowers would be available.  The key take away is the 

quantity of equipment needed to process peak flows at any given time must be obtainable with 

one of the feeds off line.  This discussion is beyond the scope of this document in that it directly 

relates to the specific permit requirements and overall plant flows along with the specific 

equipment and quantities necessary at the designated process level.   

It is recommended that any future plant design incorporate the secondary selective design to 

assure compliance at all levels while on one feeder.  With a properly designed secondary selective 

system, either side has the ability to carry its opposite system (i.e. MCC, panelboard, etc.) loads via 

a tie breaker interlocked with the main breakers of each MCC, panel, etc..   

Biosolids Building: 

The Biosolids area design is similar to the blower area equipment.  The primary (13.8 kV) feeder 

for the Biosolids is a loop system which provides a level of redundancy, but not as much flexibility 

as the dual ended secondary selective (main-tie-main) system.   

The Biosolids system does not include secondary tie breakers at the 480V motor control center 

level.  Similar issues with the liquids treatment side, process loading and equipment operation 

from a single MCC is a concern unless the peak process loads can be handled from a single MCC.  It 

is noted however that strict compliance with TDEC for the Biosolids system may not be as 

stringent as the liquids processes; this is typically permit dependent and whether or not the solids 

handling failures result in permit violations.        

Bio Filter Building: 

The odor control blowers are currently fed from 06 AFD1A via pad mounted transformer 06AT-1.  

This system is a simple radial design and has multiple single point failure locations.   

Transformer 06AT-1 also feeds existing MCC-P8, which back feeds existing power center PC-3.  

PC-3 and MCC-P8 have limited loading connected.  

2.2.4 Stand-By Generator Power 

CCWWTP currently does not have a plant wide standby power system and relies on the two 

independent sources from the Van Buren substation.  
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The overhead LG&E lines provide a level of redundancy under normal operating conditions; 

however due to the potential for catastrophic events such as ice storms, catastrophic substation 

failures, utility grid failures, etc. these overhead lines both could be lost during a single event, thus 

leaving the plant vulnerable to extended power outages.     

With the possibility of both feeds being taken out of service by a single event or a more 

widespread outage event, the plant may not be capable of operating/treating or maintaining 

permit compliance depending upon the nature, magnitude and duration of the outages. 

The provision of MWS owned/operated onsite emergency standby generators would provide the 

means to maintain critical operations during catastrophic events with minimal process 

interruptions.  Installation of onsite power generation would allow MWS to be self-sufficient 

during times of crisis.   

At the CWWTP plant there are certain areas that are critical to operations and maintaining permit 

compliance.  Areas such as the central and intermediate pumping stations, 

chlorination/dechlorination station, and aeration blower system are some examples.  In addition, 

even if the CPS is out of power, it is understood that the Browns Creek pump station would 

continue to pump flow to the plant. This scenario requires that certain processes remain 

operational to move the water through the plant. 

A complete standby power needs assessment is beyond the scope of this report, however it is 

recommended that at some point a stand-by system risk/needs analysis be completed to 

determine if stand-by power is necessary at the CWWTP.   

2.3 Existing CWWTP Electrical Load Analysis  

2.3.1 Switchgear MSG 

A review of the latest tabulated utility billing information (6/2011 through 9/2014) shows that 

the plant had a 12,136 kW peak demand during June, 2011.  This demand calculates to 

approximately 550 amps of total load on switchgear MSG at 13.8  kV voltage rating.  Switchgear 

MSG includes dual main breakers rated 1200A, 13.8 kV.  

Based on the November 30, 2007 Arc Flash System Study 

prepared by I.C. Thomason Associates, Inc., each main 

breaker overcurrent trip setting is at 60% tap, or more 

specifically 720A (1200 x 0.60 = 720A).  The existing 

underground cables feeding MSG are 500 kcmil, per the 



Section 2 
Electrical System Review 

 

  2-12 

National Electrical Code (NEC), these cables have a maximum ampacity rating of 465A.  Thus, the 

breaker settings exceed the actual cable capacity.     

When utilizing a secondary selective or loop arrangement either of the two main breakers in 

switchgear MSG must be capable of carrying the entire plant load.  This is important during times 

of maintenance or equipment failures that dictate the need to isolate one of the mains and transfer 

all load to one side or the other.  If one main breaker cannot handle the loading, unwanted 

tripping may occur resulting in process/plant shutdowns. 

The overall 1200A rating of MSG itself appears adequate for the current loading as well as the 

future COPT changes; however, the actual service cables feeding MSG are limited to 465A per NEC 

Article 310, Table 310.60(C)(77).  The 465A rated cables in this case are currently less than the 

maximum demand recorded by NES utility billing. This is an issue only during peak demand days 

when operating from a single main breaker in switchgear MSG and it is noted, that under current 

normal operation (plant fed via both MSG main breakers), the ampere loading at the plant is well 

within the capacity of the existing service entrance cables since it is assumed to be evenly split. 

Consideration should however be given to upgrading the existing cabling to increase capacity.    

The upgrading of cabling at switchgear MSG is especially important given that the future CWWTP 

Improvements Project modifications are expected to increase plant demand and thus will 

compound the cable capacity limitations at switchgear MSG.  The actual future increased demand 

cannot accurately be determined at this time.  Therefore, at each stage of the CWWTP 

Improvements Project designs, the specific loading should be calculated to determine the 

maximum loading (fed from a single main) and the switchgear MSG service cabling should then be 

upgraded accordingly.  Specific loading of the existing circuits fed from switchgear MSG was not 

performed as these are expected to change during the CWWTP Improvement Projects.   

2.4 Observations & Discussions 

2.4.1 Equipment Condition 

Table 2.4.1 summarizes the major components of the existing 

electrical distribution system. Subjective visual determinations 

relating to the condition of the equipment have been made, but 

the major current carrying components such as the busses, 

circuit breakers, etc. being active prevented a more detailed 

inspection.  
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Three of the primary evaluation criteria that were used are (1) the age of the equipment; (2) the 

availability of replacement parts; and (3) the physical condition of the equipment. Most major 

electrical equipment has a service life of 20 years. Older equipment 

is usually more maintenance intensive and often harder to keep 

operational due to the lack of availability of spare parts. In this 

summary an assessment of “good” is defined as being in good 

condition and capable of serving its intended use for years to come. 

“Fair” indicates the equipment is in a condition that requires 

attention to maintain reliable operation, and it should be scheduled 

for replacement. “Poor” is defined as being in a condition that needs 

to be replaced. Equipment defined as “Poor” is at the highest risk for 

failure and should be addressed in the first phase of a plant-wide 

electrical or plant upgrade/expansion. 

Much of the existing distribution system equipment is well past its design life and should be 

scheduled for replacement. The reliability of this equipment is suspect and further continued 

maintenance at higher costs is expected.  

At the CWWTP plant site, the electrical equipment can be assessed in two specific areas; Liquids 

Process and Biosolids.  The Biosolids area is the most recent major upgrade at this plant and was 

completed in 2009.  The liquids processes were originally 

installed in 1958 and have varying vintage equipment 

associated with equipment upgrades over the years. It is 

noted that the Biosolids equipment, while newer, was 

impacted by the 2010 flooding and required repairs and 

cleaning.  As a general rule, flooded equipment typically has a 

much shorter life cycle.  All biosolids equipment should be 

closely monitored for premature corrosion, failures, etc. 

An Excel spreadsheet showing the bulk of the electrical distribution system equipment is included 

in Appendix B. This spreadsheet is laid out to show equipment names, locations, approximate year 

installed, age, comments, circuits and our opinion of condition based on visual inspection.  In 

addition, a color coding scheme was included to show two major factors; red blocks show 

equipment over 30 years old; green shows equipment between 20-25 years old.  What this data is 

showing is that much of the major distribution equipment is beyond its design life.  In fact, for the 

liquids process areas, equipment is on average 24 years old.  It is noted, however, that this average 
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is somewhat misleading in that the average calculation includes some relatively recent small 

upgraded equipment; major equipment average age is actually greater than 30 years old.    

The age of equipment contributes to the difficulty in obtaining repair parts, and when these parts 

can be found, they typically come at a premium cost.  The cost of maintenance will typically 

increase as equipment ages due to normal mean- time failures, but these costs can increase 

dramatically due to a major component, insulation, or equipment failure.  These types of 

catastrophic failures result in operations downtime and higher repair costs. As more components 

fail, the need for replacement parts will continue to rise and the parts themselves will be difficult 

to find.  In addition, long delivery times for critical components are common and depending on the 

critical nature of the equipment can jeopardize its usability for plant operations. 

The Appendix B table also includes a review of the expected COPT impacted equipment in order to 

assist in replacement planning. Those items noted that may be impacted by the COPT 

modifications should be replaced by the expansions designs.   

 

2.4.2 Plant Cabling 

 

Much of the existing 15 kV cabling is relatively new, whereas the low voltage (600 V) feeding 480 

V switchgear,  MCC’s panelboards, etc. is well over 30 years old and in some cases nearly 50 years 

old.  Below is a brief discussion at each voltage level: 

 

Medium Voltage Cable (15 kV): 

Many of the 15 kV rated cable runs (13.8 kV systems) were replaced  in 2003 and 2009 plant 

upgrades,  but there are still significant areas of the plant that appear to have much older cable.  In 

many cases the newer cable appears to have been spliced to the existing older cables.  Table 2.4.2 

summarizes the majority of the 15 kV cables and identifies in red the areas of concern for long 

term reliability.  Items in green are areas that should be monitored but are not an immediate 

concern.    
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Table 2.4.2 

 

Voltage (kV) 
Circuit 

Designation 

Approximate 

Year Installed 

Approximate 

Age (years) 
Notes 

13.8 
NES 

Services 
2003 11 

main Service from NES 

Power 

13.8 B 2003 11 Feeder toT14 & T15 

13.8 C 2003 11 Up to MH-9 

13.8 C 1979 35 Between MH-9 & MH-1 

13.8 C 2003 11 Up to MH-3 

13.8 C 1979 35 Between MH-9 & T17-2 

13.8 C 1979 35 T13 to Switchgear 'S3' 

13.8 D 2003 11 

Feeder is double lugged at 

transformers: T13-1; T13-2; 

T13-3 & T13-4 

13.8 E 2003 11 Up to MH-2 & MH-8 

13.8 E 1993 21 

Feeder is double lugged at 

transformers: T1; T3; T4, T5 

& T6 

13.8 F 2003 11 
Feeder is double lugged at 

transformers: 18T-1 & 18T-2 

13.8 G 2009 5 Loop Feed 

  

 

 

Low Voltage Cable (600 V): 

Documentation concerning low voltage cable replacement was not discovered during the 

assessment data gathering effort.  Interviews with CWWTP staff indicated that, as a general rule, 

this cable is not replaced on a maintenance cycle; it is replaced when a system upgrade occurs that 
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directly impacts the cable or when the cable fails.  As such, the majority of the existing 600 V 

cables serving the liquids process portion of the plant that feed 480 V switchgear, motor control 

centers, panelboards, etc. can be assumed to be at least 30 years old or more.  Plant staff did note 

that more recent plant upgrades that occurred after 1994 often included 600V cable replacement, 

but that there is no table or list that is a ready reference for this work. 

 

Low voltage (600 V) cable typically has a long life cycle but can over time become affected by the 

environment that it is installed.  For instance, high heat areas, chemical areas, etc. can prematurely 

affect cable longevity.  While performing detailed review of cable runs is beyond the Scope of this 

assessment, it is noted that CWWTP staff should monitor the 600V distribution system and report 

any signs of potential trouble. 

 

Per discussions with plant staff the majority of the 600 V cable has not presented any concerns.  

Plant staff did, however, note one particular area that is of major concern.  The cabling to MCCs 

and aeration equipment fed out of the East Aeration building have in the recent past suffered cable 

failures.  Multiple cable faults in this area have been reported by plant electricians.  This is due to 

an apparent wastewater overflow that occurred many years ago and in an attempt to disinfect the 

conduits, cables, etc., bleach solution (potentially as high as a 20% solution) was used in the 

conduits (both power and controls).  One point made was that when a cable had been removed 

from the conduit it remained warm to the touch, which implies that a chemical reaction is 

occurring. 

 

It is understood that the majority of the cables installed in the East Aeration area will ultimately 

be removed or abandoned during the CWWTP Improvements Project.  This may not occur for 

another 3-5 years and thus further cable failures can be expected.  This issue was discussed with 

MWS staff and it was determined that MWS will include this work with the CWWTP 

Improvements Project.  If there are cable failures during this 3-5 year interim period, MWS will 

react when the failures occur. 

 

It is understood that this cabling is type THHN/THWN.  This type of wire is PVC insulated with an 

overall nylon jacket, which has a lower insulation value than other types of cable.  Also, with type 

THHN/THWN, the outer nylon jacket is often damaged when the cable is installed; this results in 

an even lower insulation value. Existing cabling installed where corrosive chemicals  are or have 

been used should be reviewed, as the lower insulation value can lead to premature breakdown, 

current leakage and subsequent cable failures. 
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2.4.3 Electrical Room Climate Control 

 

The plant has numerous electrical rooms throughout the site. The majority of these electrical 

rooms are not climate controlled (air conditioned); they are only ventilated.  The electrical rooms 

that are air-conditioned also have some level of humidity control.  CDM Smith’s visual inspection 

of equipment in these electrical rooms revealed a dramatic difference in equipment condition: the 

electrical equipment located in climate controlled environments is in much better condition than 

the non-climate controlled electrical room equipment.   

 

In general terms, this result was expected.  Industry standards and CDM Smith experience confirm 

that climate-controlled electrical rooms (temperature and humidity) extend the life and reduce 

maintenance of electrical equipment.  NEMA studies show that operating electrical equipment 

10ºC below its design temperature can double equipment insulation life but, if that same 

equipment is operated 10ºC above its design temperature, insulation life can be reduced by as 

much as 50%. To summarize, the lower the temperature rises for the electrical equipment, the 

better for its life expectancy and, therefore, its reliability. 

 

2.4.4 Grounding 

 

Grounding is an important factor in the safety and reliability of an electrical system.  The 

grounding at this plant was not specifically reviewed or detailed as it is beyond the scope of this 

document.  However, in discussions with plant electricians, there have been some concerns with 

the grounding at some areas of the plant.   

 

With future CWWTP Improvement project facility modifications, it is required that all new 

electrical systems be installed in full compliance with the NEC.  Where new electrical systems 

interface with existing, the existing grounding system should be thoroughly checked and verified 

for NEC compliance by the system designer.  If the existing system is deficient, it must be modified 

to meet standards and codes in force at the time of project bidding.  

 

2.4.5 Lighting Transformers/Panelboards  
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Throughout the plant site there are numerous aged 480-120/208 V transformers and 

associated panelboards that serve lighting, control and instrumentation equipment, 

general purpose outlets, etc.  Many of these transformers and panelboards are over 

forty years old.  These transformers and panelboards should be 

slated for replacement.  Any work associated with the CWWTP 

Improvements Project should avoid connection to these 

panels/transformers and all efforts to eliminate them where 

feasible should be considered by the COPT design team. 

  

2.4.6 Biosolids Connections 

Discussions with the COPT report engineers indicated that a preferred electrical system 

alternative is to remove the Biosolids facility from switchgear MSG and serve it directly from the 

NES Van Buren substation.  It is understood that this is due to the support systems feeding 

Biosolids being served from the liquids treatment circuits (primarily ‘E’ circuit) and when ‘E’ 

circuit is down either by trip or maintenance the Biosolids facility is affected.  In addition, it was 

also discussed that the Biosolids may require a stand-by generator(s) to prevent equipment 

damage that can be caused by extended power outages. 

 

As of November 2014, biosolids improvements are being developed outside the Scope of the 

CWWTP Improvements project.  Close coordination between projects is required by MWS and the 

engaged consultants to prevent task overlap and to determine if these projects remain on separate 

tracks or are integrated into the CWWTP Improvements project. 

 

2.4.7 NFPA 820 Code 

 

NFPA 820 - Standard for Fire Protection in Wastewater Treatment and Collection Facilities is a 

nationally recognized standard for design of wastewater treatment plants.  This document 

impacts the design of electrical equipment throughout the plant.   

A specific area by area NFPA 820 review is outside the scope of this document but is identified in 

this report for awareness of the upcoming CWWTP Improvement Project work as well as any 

other plant upgrades or modifications. 

All new work performed in areas governed by NFPA 820 must conform to the Standard.  In 

general, if new work is required in a classified area then the new work must meet the NEC for that 

hazardous location as defined by NFPA 820.  NFPA 820 applications are for new installations and 
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do not apply to existing facilities unless a serious hazard exists.  The design engineer would need 

to make the determination of the hazard level and design accordingly.   

Typically, electrical rooms adequately separated from any processes are outside the classified 

areas and considered non-hazardous, so long as they are either properly ventilated or outside of 

the hazardous area envelope.  The CWWTP includes major process areas which are governed by 

the NFPA 820 Standard.  During any of the upcoming design phases, the existing and new area 

classifications should be evaluated based upon specific processes and design decisions.  If new 

work is located in existing areas this work should be evaluated by the design engineers to 

determine specific design requirements to be in compliance with NFPA 820.     

2.4.8 National Electrical Code Issues 

 

During the background information review and visual inspection of CWWTP equipment, a number 

of National Electrical Code (NEC) violations were noticed in reviewing the electrical system 

components.  These code violations are summarized below. These code violations are based only 

on visual inspection and are not to be considered as a complete list for the facility.  

NEC violations must be the first priority for correction as they are life safety issues.  

Main Electrical Building (Hot House): 

 

The current arrangement of the switchgear MSG is in violation of the 

National Electrical Code (NEC), 2008 (current edition used in the State of 

Tennessee), Article 110.34 with respect to rear working space 

clearances.  Currently the back of the existing switchgear is 

approximately 36 inches from the wall.  Per 110.34 (A); Table 110.34(A) 

the minimum depth between the back of the switchgear to the concrete 

block wall (considered a grounded surface per NEC definition) and the 

back of switchgear MSG must be five (5) feet minimum.   

 

There is an exception to Table 110.34(A) that can in some cases be 

applied to decrease the space to 30 inches; however it is not applicable in 

this case.  The exception fails in that it clearly states “…where all connections are accessible from 

locations other than the back.” MSG’s metal clad medium voltage switchgear design is such that all 

medium voltage cable connections are only accessible from the back of the gear. 
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Old Sedimentation Building: 

 

The current arrangement MCC-P3-1 (MCC-3) is in violation of the 

National Electrical Code (NEC), Article 110.34 with respect to working 

space clearances.  Currently the front of MCC-3 is less than the 30 inches 

from the wall.  Per 110.34 (A); Table 110.34(A) the minimum depth 

between the front of the MCC to the concrete block wall (considered a 

grounded surface per NEC definition) must be forty two (42) inches 

minimum. 
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Section 3 

Electrical System Design  
 

3.1 Recommended Distribution System Design  

3.1.1 Secondary Selective Design 

The electrical distribution design criteria for the CWWTP should include considerations for 

reliability, maintainability, and safety. To provide for reliable distribution, the system should have 

two independent sources of power and protection from common mode failures at all distribution 

voltage levels (down to 480V and in some cases critical 120/208V panels).  The CWWTP does 

currently include dual sources from NES and is distributed well at the 13.8 kV level.  However, at 

the 4.16 kV and 480 V distribution levels, this redundancy falls off. 

Providing for electrical distribution that is maintainable requires that a portion of the system be 

taken out of service for routine maintenance (i.e., cable testing, bus testing, circuit breaker 

inspection/testing, etc.). The considerations for safety are directly related to maintainability. If 

plant maintenance personnel can maintain the equipment and provide preventative maintenance, 

the possibility of failures, temporary connections, and equipment damage will be reduced. To 

achieve this, a dual-ended secondary selective distribution system is recommended; a brief 

description is provided.  

The secondary selective distribution system is divided into two parallel systems that have 

interconnecting tie breakers or switches. In the normal mode of operation, each system or main 

feeder provides power for roughly one half of all the plant electrical loads. However, all plant 

loads required for operation could be carried by a single feeder, if required to do so. This 

arrangement allows for system maintenance with minimal or small interruption of plant 

operations or processes. The secondary selective distribution system provides high reliability, 

flexibility, and maintainability, while minimizing system downtime. 

The predominant distribution system utilized at this plant is a dual-ended secondary selective 

design at the 13.8 kV system voltage level.  The exception to this arrangement (at the 13.8 kV 

voltage level) occurs at the Biosolids area, which utilizes a loop feed system.   

The 4.16 kV systems at the blower building and most of the plants 480 V MCC’s do not currently 

employ the secondary selective arrangement and are simple radial systems.  For the 4.16 kV 

blowers; it is likely that major changes will occur during the COPT projects.  Based on this, these 

distribution areas should be modified to achieve secondary selectivity.   
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The 480 V unit substation switchgears that feed MCCs located throughout the plant generally 

include a main-tie-main arrangement allowing selectivity. However, the 480 V MCCs that these 

unit substation switchgears feed do not include tie breakers and numerous MCCs do not have 

main breakers, making interconnection at the MCC level impossible.  The overall recommended 

approach is at a minimum secondary selectivity, which  should be carried through the 480 V MCC 

level and also include of any major panelboard or switchboard to achieve the highest level of 

reliability.   

Many areas of the 13.8 kV, 4.16 kV and 480 V systems will be dramatically affected/changed due 

to the COPT improvement designs.  To best enhance this plants reliability, it is recommended that 

any modifications or new electrical system additions incorporate a dual-ended secondary 

selective design.   This design will provide the highest level of reliability.  

3.1.2 Multiple Cable Lugging 

As noted in paragraph 2.1.2.1, several areas of the 13.8 kV distribution system are double and 

even triple lugged, which creates maintenance and reliability concerns.  This type of arrangement 

should be corrected in the upcoming CWTP Improvements Project, where practical.  The design 

philosophy moving forward should be such that each transformer is supplied by a single feeder. 

To accomplish this it is noted that switchgear MSG is not expandable and it would be necessary to 

add at least one additional 13.8 kV switchgear line up.  Any new 13.8 kV switchgear should be 

located at the heaviest expected concentration of loads.  Based on the upcoming COPT 

modifications, the blower area of the plant is the most likely area with concentrated heavy 

loading.  This area may be well suited to split and modify the majority of the overall lugging issue 

by use of a new lineup of switchgear having suitable quantities of feeder breakers.  This will 

enhance the maintainability and the overall reliability of these circuits. 
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Section 4 

Recommendations 

 

4.1 Summary and Recommendations    

Throughout this report numerous issues were presented.  This section provides a brief summary 

of the report findings.  Each of the previous sections should be referenced for detailed 

information.  This section outlines the most significant issues that were noted, as well as specific 

recommendations organized by utility service, standby power, and motor control centers.  

The recommendations listed below are not presented in any particular order. No attempt has been 

made to prioritize these recommendations. The most significant issues, based on our 

observations, are as follow:  

4.1.1 Switchgear MSG: 

 

The major items identified were as follows:   

 

� Service cable size limitations 

� NEC working clearance 

� Expandability   

 

Each of these issues should at some time in the near future be addressed and corrected.  In 

conjunction with the COPT work, it is recommended that these be considered for inclusion.  The 

actual specific changes for the cabling would need to be determined by the COPT design engineers 

based on the actual loading, location of the loading, etc.  

 

The NEC working clearance issue is directly related to safety and must be reviewed and corrected. 

 

The discussion regarding expandability is again related to the potential COPT design and should 

be addressed during those designs. 

 

4.1.2 Aging Electrical Equipment: 

Much of the existing electrical equipment at this site has exceeded its design life and should be 

replaced.  The equipment denoted as ‘poor’ should be the first in line for replacement.  It is noted 
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that the overall equipment will continue to age and equipment now considered as ‘fair’ may fall 

into the ‘poor’ category depending on when it is slated for replacement.   

 

It is recommended that during the CWWTP Improvements project designs, any/all new electrical 

designs should take this into consideration.  The new designs should encourage the replacement 

of the equipment where major changes are expected, and should also consider minimizing loading 

or at least removing all critical process equipment and placing it on new equipment. 

 

It is recommended that MWS develop a replacement timetable for all existing electrical equipment 

that is not directly involved in the CWWTP Improvements project.  Included in this timetable 

would be a case-by-case decision of whether the work item will be part of the CWWTP 

Improvements project or if it will be performed by a different MWS funding mechanism.   

 

4.1.3 Aging Electrical Cabling: 

Much of the existing medium and low voltage distribution cable at this site has exceeded its design 

life and should be replaced.  It is recommended that during the CWWTP Improvements project 

designs, any/all new electrical designs should take this into consideration.  The new designs 

should encourage cable replacement where major changes are expected. 

 

It is recommended that MWS develop a replacement timetable for all existing medium and low 

voltage distribution cable that is not directly involved in the CWWTP Improvements project.  

Included in this timetable would be a case-by-case decision of whether the work item will be part 

of the CWWTP Improvements project or if it will be performed by a different MWS funding 

mechanism. 

 

4.1.4 NEC Violations: 

The NEC code violations noted in this report should be corrected immediately as these are directly 

related to safety of operation and maintenance personnel.  

 

4.1.5 Multiple Lugging of the 15 kV Circuits: 

The maintainability and reliability of the plant can be improved by directly feeding the electrical 

distribution equipment versus multi-lug tapping that occurs at this plant.  Where CWWTP 

Improvements project designs include work in multi-lug circuits, the design should actively 

pursue eliminating these arrangements and provide the necessary switchgear, switches, etc. to 

improve the overall distribution system. 
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It is recommended that MWS develop a replacement timetable for all multi-lug assemblies that are 

not directly involved in the CWWTP Improvements project.  Included in this timetable would be a 

case-by-case decision of whether the work item will be part of the CWWTP Improvements project 

or if it will be performed by a different MWS funding mechanism. 

 

4.1.6 Secondary Selective Vs. Loop Systems: 

The plant currently has two different kinds of distribution systems; the more predominant is the 

secondary selective (M-T-M) arrangement.  The only loop feed system is currently at the Biosolids 

facility.  It is recommended that the plant standardize on the secondary selective system from this 

point forward and all COPT changes should utilize this distribution type. 

 

4.1.7 NFPA 820: 

The requirements of NFPA 820 will need to be reviewed in detail where any future work is 

performed.  In particular, the COPT designs should be in strict accordance with the requirements 

of NFPA 820. 

 

4.1.8 Climate Controlled (A/C) Electrical Rooms: 

The general recommendation for any new electrical room is to provide climate control.  The 

climate controlled rooms will increase the equipment longevity.  At a minimum, any rooms with 

variable frequency drives or PLC control systems must be climate controlled.  

 

4.1.9 Grounding: 

It is recommended that a grounding analysis be performed as part of the CWWTP Improvements 

project.  The analysis should review the main service grounding as well as the major feeder and 

building grounding throughout the plant.  In the case of new structures or electrical equipment, 

complete new grounding systems should be implemented. 

 

4.1.10 Lighting Transformers/Panelboards: 

Replacement of all old (i.e. 30 plus year) transformers and associated panelboards is 

recommended.  Any work for the CWWTP Improvements project should limit any use of these 

older panels and it is recommended that new transformers/panels be provided in lieu of utilizing 

existing equipment. 
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It is recommended that MWS develop a replacement timetable for all lighting transformers and 

panelboards that are not directly involved in the CWWTP Improvements project.  Included in this 

timetable would be a case-by-case decision of whether the work item will be part of the CWWTP 

Improvements project or if it will be performed by a different MWS funding mechanism. 

 

4.1.11 Stand-By Power Source: 

A thorough analysis of the necessity for a stand-by power source should be made.  This analysis 

should include a risk assessment, operational concerns, sizing and costs.  This analysis should 

focus on the specific areas of the plant that are critical for meeting permit requirements and on 

being able to hydraulically pass a peak flow capacity of 430 mgd. 
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