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This technical memorandum summarizes the updates made in Tacoma Water’s hydraulic model
by RH2 Engineering, Inc., (RH2) as part of the Stage 1 updates requested by Tacoma Water.
Stage 1 consists of the following six updates.

1. Add minor losses to the 25 booster pump stations (BPS) in the hydraulic model.

2. Review and update check valve and variable frequency drive (VFD) functionality.

3. Compute pipe roughness coefficients and compare to existing pipe roughness
coefficients.

4. Initialize “no services” and “facility” junctions.

5. Initialize planning-level fire flow requirements.

6. Create peak hour demand (PHD) demand sets.

BACKGROUND

In 2016, Tacoma Water created a new InfoWater hydraulic model from Tacoma Water’s ESRI
Geographical Information System (GIS) database. In 2016 and 2017, Tacoma Water updated the
model to include demand allocations, simple controls at existing facilities, and additional water
system properties such as pressure zone information, pipe roughness coefficients, land use
information, and reservoir geometry. Tacoma Water is preparing to utilize the hydraulic model
for system analyses in its 2017 Water System Plan and requested that RH2 perform the Stage 1
updates using InfoWater version 12.7, Update No. 2.
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UPDATE 1 - BPS MINOR LOSSES

Minor losses occur throughout water systems at valves, tees, bends, reducers, and other fittings,
and can be significant within facilities where water velocities are typically higher than in the
transmission or distribution system. Based on conversations between Tacoma Water and RH2 at
the project scoping meeting on July 14, 2017, Tacoma Water estimated minor losses in each of
its BPSs to be 10 feet in the hydraulic model, with 3 feet of minor losses assumed on the suction
side of each pump, and 7 feet of minor losses assumed on the discharge side of each pump. RH2
initialized the minor losses at each BPS based on the design capacity of each BPS, which is
shown in Table 1. The minor losses were entered into the Tacoma Water hydraulic model as
resistance coefficients (K values) on the suction and discharge pipes at each BPS. The resistance
coefficient added to the suction and discharge pipes at each BPS is shown in Table 1.

Table 1: BPS Resistance Coefficients

Suction Piping Discharge Piping
Resistance Resistance
Capacity | Capacity Pipe Size | Coefficient Pipe Size | Coefficient
BPS Name (MGD) | (gpm) |Model Pipe ID| (inches) [ (K Value) [Model Pipe ID| (inches) | (K Value)

Alder Lane 0.7 486 M-0106940 4 1.3 M-0106941 4 2.9
Cumberland 0.5 347 M-0061645 6 12.4 M-0026032 6 29.0
Fennel Creek 34 2,361 M-0056905 12 4.3 M-0106532 12 10.0
Frederickson 0.2 139 M-0106660 6 77.8 M-0059547 6 181.5
Highland 1.0 694 M-0078868 8 9.8 M-0078896 8 22.9
Hood Street 15.0 10,417 | M-0070401 48 56.6 M-0070323 24 8.3
Indian Hill No. 1 2.2 1,528 | M-0068974 10 5.0 M-0068982 10 11.6
Indian Hill No. 2 1.9 1,319 | M-0068302 12 13.8 M-0068310 12 322
Marine View Drive (1 - 4) 3.7 2,569 | M-0099228 12 3.6 M-0056729 12 8.5
Marine View Drive (5 - 7) 7.0 4,861 M-0099199 12 1.0 M-0099005 16 7.5
McMillin No. 1 3.3 2,292 | M-0105953 12 4.6 M-0062892 12 10.7
McMillin No. 2 4.2 2,917 | M-0062683 24 452 M-0062705 24 105.4
Mildred Street 1.2 833 M-0099320 12 34.6 M-0105915 12 80.7
North End 8.5 5903 | M-0106336 24 11.0 M-0107063 24 25.7
Palmer 0.1 69 M-0105167 2 3.8 M-0105173 2 9.0
Prairie Ridge 1.8 1,250 | M-0106458 18 77.8 M-0067828 18 181.5

M-0056558 14 53

M-0056559 14 5.3
South Tacoma 14.4 10,000 V0056560 7 53 M-0106320 30 21.9

M-0056561 14 5.3
South Summit 2.2 1,628 | M-0056749 8 2.0 M-0056750 8 47
128th and 62nd (Summit and 62nd| 0.6 417 M-0056773 6 8.6 M-0056774 6 20.2
198th Avenue 34 2,361 M-0106468 18 21.8 M-0106467 18 50.9
214th Avenue E 8.6 5993 | M-0056889 16 2.1 M-0056879 8 0.3
356th/357th Street 5.8 4,028 | M-0106301 24 23.7 M-0106294 24 55.2
83rd and Cirque 0.5 347 M-0106930 6 12.4 M-0056543 8 91.8
80th Avenue 0.03 21 M-0101721 4 682.9 M-0101715 4 1593.4
21st and Pearl 3.3 2,257 | M-0028955 12 4.7 M-0106922 12 11.0

MGD = million gallons per day
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UPDATE 2 - CHECK VALVE AND VFD FUNCTIONALITY

CHECK VALVE FUNCTIONALITY

The Tacoma Water hydraulic model includes 112 check valves assigned to pipes throughout the
distribution system; however, Tacoma Water indicated that the hydraulic model does not
properly compute with the active check valves, and has closed the pipes that are associated with
the check valves. Among the 112 check valves, 15 are located at facilities, and 97 are located
along pressure zone boundaries. RH2 reviewed and updated the valves to enable the model to
properly compute and the valves to function in the model in a manner that matches their function
in the actual water system. All facility check valves were determined to be oriented in the proper
direction and the pipes associated with these valves have been opened in the hydraulic model.

Among the 97 check valves located at pressure zone boundaries, 42 were found to be oriented in
the incorrect direction. The direction of these check valves has been updated, and 96 of the 97
check valves located at zone boundaries have been activated in the hydraulic model. One check
valve, assigned to Pipe ID No. M-0107007, appears to be located within the 538 Zone
distribution system and is believed to have been erroneously identified as a check valve location.
RH2 removed the check valve assignment from this pipe, and updated the pipe to operate as a
pipe capable of two-way conveyance. It is recommended that Tacoma Water confirm the lack of
a check valve at this location. If a check valve is present at this location, it is recommended that
Tacoma Water confirm the flow direction of the valve, and update this pipe if necessary.

An additional check valve, assigned to Pipe ID No. M-0106929, is located at the convergence of
three pressure zones near the 83" Avenue and Cirque Drive BPS. RH2 opened the pipe
associated with this check valve based on the assumption that the check valve allows 531 Zone
water to be conveyed to the 556 Zone during an emergency event. It is recommended that
Tacoma Water confirm the flow direction of this valve, and update this check valve if necessary.

Table 2 presents a summary of each check valve in the hydraulic model, the pressure zone on
each side of the valve, and the changes made to the valve direction (if any). The aforementioned
pipes recommended for review by Tacoma Water are shown highlighted in Table 2.

Table 2: Check Valve Summary

Pressure Zone
Pipe No. Zone or Facility? To From Direction Correct?
M-0106934 Facility 626 581 Yes
M-0106407 Facility 669 581 Yes
M-0106467 Facility 198th Ave BPS Discharge Yes
M-0107052 Facility Sunrise Res. Outlet Yes
M-0107053 Facility Sunrise Res. Inlet Yes
M-0065881 Facility McMillin Res. Outlet Yes
M-0106958 Facility Palmer BPS Bypass Yes
M-0106957 Facility Palmer BPS Discharge Yes
M-0107066 Facility North End BPS Yes
M-0106327 Facility Trans 538 Yes
M-0106956 Facility Trans 931 Yes
M-0107051 Facility Trans McMillin Res. Yes
M-0107020 Facility UP Reservoirs to 478 Zone Yes
M-0106831 Facility Well PA1 Discharge Yes
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Table 2: Check Valve Summary (continued)
Pressure Zone
Pipe No. Zone or Facility? To From Direction Correct?
M-0107054 Zone 328 226 Yes
M-0107055 Zone 328 226 Yes
M-0106974 Zone 346 251 Yes
M-0107017 Zone 346 251 No, RH2 changed
M-0107025 Zone 346 251 Yes
M-0106995 Zone 478 328 Yes
M-0107032 Zone 478 346 No, RH2 changed
M-0106994 Zone 478 446N Yes
M-0107023 Zone 478 446N Yes
M-0107027 Zone 478 446N No, RH2 changed
M-0107004 Zone 520 478 Yes
M-0107037 Zone 520 478 No, RH2 changed
M-0107040 Zone 520 478 Yes
M-0107057 Zone 520 478 Yes
M-0107058 Zone 520 478 Yes
M-0000860 Zone 531 478 Yes
M-0106959 Zone 531 478 Yes
M-0106961 Zone 531 478 No, RH2 changed
M-0106964 Zone 531 478 Yes
M-0107015 Zone 531 478 Yes
M-0107022 Zone 531 478 No, RH2 changed
M-0107059 Zone 531 478 No, RH2 changed
M-0106338 Zone 538 478 Yes
M-0106924 Zone 538 478 No, RH2 changed
M-0106975 Zone 538 478 No, RH2 changed
M-0106976 Zone 538 478 No, RH2 changed
M-0106977 Zone 538 478 Yes
M-0106979 Zone 538 478 No, RH2 changed
M-0106980 Zone 538 478 No, RH2 changed
M-0106981 Zone 538 478 No, RH2 changed
M-0106982 Zone 538 478 No, RH2 changed
M-0106983 Zone 538 478 No, RH2 changed
M-0106984 Zone 538 478 Yes
M-0106985 Zone 538 478 No, RH2 changed
M-0106986 Zone 538 478 No, RH2 changed
M-0106987 Zone 538 478 No, RH2 changed
M-0106988 Zone 538 478 No, RH2 changed
M-0106989 Zone 538 478 Yes
M-0106990 Zone 538 478 Yes
M-0106991 Zone 538 478 Yes
M-0106992 Zone 538 478 Yes
M-0106993 Zone 538 478 No, RH2 changed
M-0107005 Zone 538 478 No, RH2 changed
M-0107006 Zone 538 478 Yes
M-0107008 Zone 538 478 Yes
M-0107010 Zone 538 478 No, RH2 changed
M-0107011 Zone 538 478 No, RH2 changed
M-0107012 Zone 538 478 Yes
M-0107014 Zone 538 478 Yes
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Table 2: Check Valve Summary (continued)
Pressure Zone

Pipe No. Zone or Facility? To From Direction Correct?
M-0107018 Zone 538 478 Yes
M-0107019 Zone 538 478 No, RH2 changed
M-0107026 Zone 538 478 No, RH2 changed
M-0107007 Zone 538 538 Not Applicable
M-0106962 Zone 556 478 Yes
M-0106960 Zone 556 531 No, RH2 changed
M-0106963 Zone 556 531 Yes
M-0107016 Zone 556 531 Yes
M-0107021 Zone 556 531 No, RH2 changed
M-0106972 Zone 581 478 Yes
M-0106973 Zone 581 478 No, RH2 changed
M-0106996 Zone 581 478 Yes
M-0106997 Zone 581 478 Yes
M-0107024 Zone 581 478 Yes
M-0107028 Zone 581 478 No, RH2 changed
M-0107035 Zone 581 478 No, RH2 changed
M-0107036 Zone 581 478 Yes
M-0106999 Zone 588 581 No, RH2 changed
M-0107043 Zone 588 581 Yes
M-0069363 Zone 621 581 Yes
M-0106418 Zone 621 581 Yes
M-0107003 Zone 621 581 Yes
M-0106691 Zone 626 581 No, RH2 changed
M-0106952 Zone 626 581 Yes
M-0107039 Zone 626 581 No, RH2 changed
M-0106965 Zone 649 549 No, RH2 changed
M-0106966 Zone 649 549 No, RH2 changed
M-0106967 Zone 649 549 Yes
M-0106968 Zone 649 549 No, RH2 changed
M-0106969 Zone 649 549 No, RH2 changed
M-0106970 Zone 649 549 No, RH2 changed
M-0106971 Zone 649 549 No, RH2 changed
M-0107031 Zone 649 549 Yes
M-0107033 Zone 649 549 Yes
M-0107034 Zone 649 549 No, RH2 changed
M-0107000 Zone 669 581 Yes
M-0107001 Zone 669 581 Yes
M-0107002 Zone 669 581 Yes
M-0107029 Zone 669 581 Yes
M-0107030 Zone 669 581 Yes
M-0107038 Zone 669 581 Yes
M-0107041 Zone 669 581 Yes
M-0107042 Zone 669 581 Yes
M-0107050 Zone 669 581 Yes
M-0106455 Zone 706 581 Yes
M-0106615 Zone 706 621 Yes
M-0106998 Zone 950 860 No, RH2 changed
M-0107056 Zone Trans Trans Yes
M-0106929 Zone/Facility 556 531 Yes

NOTE: Highlighted rows indicate check valves recommended for review by Tacoma Water.
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VFD FUNCTIONALITY

The Tacoma Water hydraulic model includes 25 booster pump stations, 10 of which have at least
1 pump equipped with a VFD. Tacoma Water indicated that the hydraulic model does not
properly compute with all BPSs and VFDs active. RH2 reviewed the pumps and updated them to
enable the model to properly compute and the pumps to function in the model in a manner that
matches their intended function in the actual water system.

Among the 25 BPSs, 4 were set as inactive by Tacoma Water and were not activated by RH2.
None of these four BPSs had control settings indicating that the pumps were equipped with
VFDs, and the operation of these pumps were not evaluated by RH2. These four BPSs are
identified in Table 3.

Table 3: VFD Summary

Pressure
Current Initial Setpoint
BPS VFD? Status (psi) Pump Control
Inactive BPSs and Not Evaluated by RH2

Hood Street No Inactive

Marine View Drive (1 - 4) No Inactive

Marine View Drive (5 - 7) No Inactive

South Tacoma No Inactive

BPSs Operating Properly and Not Adjusted by RH2

Alder Lane Yes 1 Pump Open 70 Open
Cumberland No Pumps Open Cumberland Res.
Fennel Creek Yes 1 Pump Open 99 Open
Frederickson Yes 1 Pump Open 55 Open
Highland Yes 1 Pump Open 73 Open
Indian Hill No. 1 Yes Pumps Open 45 Open
Indian Hill No. 2 No Closed Open

North End No Closed Open
Palmer No Closed Open
Prairie Ridge Yes 1 Pump Open 95 Open
South Summit Yes 1 Pump Open 90 Open

128th and 62nd (Summit & 62nd Ave) No Closed Open

198th Avenue No Pumps Open Prairie Ridge Res.
214th Avenue E No 3 Pumps Open Prairie Ridge Res.
356th/357th Street No Closed Open

83rd and Cirque Yes Pump Open 55 Open

BPSs Adjusted by RH2

McMillin No. 1 No Pumps Open Sunrise Standpipe
McMillin No. 2 No Pumps Open Sunrise Standpipe
Mildred Street No Pump Open Open

80th Avenue Yes 1 Pump Open 72 Open

21st and Pearl Yes Pump Open 65 Open
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Among the 21 BPSs that were set as active in the model received by RH2, 16 were determined to
be operating properly and were not adjusted by RH2. These 16 BPSs are identified in Table 3.

The remaining five BPSs were adjusted by RH2 for the model to properly compute and the
pumps to function in the model in a manner that matches their function in the actual water
system. These five BPSs are identified in Table 3, and a summary of the adjustments made by
RH2 is as follows.

McMillin No. 1 and No. 2 BPSs

Both the McMillin No. 1 BPS and the McMillin No. 2 BPS had two pumps closed in the model
received by RH2. RH2 changed the initial status of these pumps to “none” to allow them to
operate during normal operating conditions. The proper initialization of the check valves in the
vicinity of the McMillin BPS and Reservoir site prevents the reverse flow through the McMillin
No. 1 BPS and the McMillin No. 2 BPS that was occurring in the model received by RH2.

Mildred Street BPS

The Mildred Street BPS was inactive and labeled as “Temp OOS” (temporarily out of service)
in the model received by RH2. RH2 activated this BPS to operate during normal operating
conditions.

80th Avenue BPS

The 80" Avenue BPS provides supply to a closed pressure zone. Both pumps within this BPS
were identified as being equipped with VFDs and had pump types identified as “constant power
pumps,” with one pump identified as having a 2 horsepower (HP) motor, and the other pump
identified as having a 1 HP motor. By definition, “constant power pumps” cannot have variable
speeds. RH2 updated the pump types for both pumps in this BPS to have “design point curve”
pump types. The total dynamic head for each pump was assumed to be 45 feet based on the
hydraulic grade differential between the 581 South Hill Zone on the suction side of the BPS and
the 626 80" Avenue E Zone on the discharge side of the BPS. Based on the 1 HP and 2 HP
motor sizes identified in the model received by RH2, and an assumed pump efficiency of

70 percent for each pump, the pump design flow for the two pumps was initialized as 60 gallons
per minute (gpm) and 120 gpm, respectively. RH2 initialized the VFD control for both pumps as
70 pounds per square inch (psi) to match the hydraulic grade of the 626 80™ Avenue E Zone, and
the BPS now operates properly in the model.

21st and Pearl BPS

The 21 and Pearl BPS pump was closed in the model received by RH2. RH2 changed the initial
status of this pump to “none” to allow it to operate during normal operating conditions.
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UPDATE 3 - PIPE ROUGHNESS COEFFICIENTS

Hazen Williams roughness coefficients were entered into the model by Tacoma Water based on
roughness calculations and research performed over 10 years ago, per Tacoma Water staff at a
July 14, 2017, scoping meeting with RH2. Tacoma Water requested that RH2 compare the
hydraulic model roughness coefficients with roughness coefficients based on recent research and
measurements performed on pipe interiors by RH2. RH2’s computations assume that the internal
surface of the pipes becomes rougher as it ages; therefore, older pipes were assigned higher
roughness coefficients than newer pipes. The computed RH2 pipe roughness coefficients were
compared to the values entered by Tacoma Water based on the average pipe roughness
coefficient for each pipe material. The pipe roughness comparison for each pipe material is
shown in Chart 1. Among the 15 different pipe materials identified in the hydraulic model
received by RH2 (including unknown and blank materials), the roughness coefficients calculated
by RH2 are within 20 percent of the coefficients entered by Tacoma Water for 10 of the
materials. The other five pipe materials, asbestos cement, riveted steel, steel, unknown, and
blank, have roughness coefficients in the model that differ from RH2’s calculations by an
average of 46 percent. RH2 presented this information to Tacoma Water during an

August 30, 2017, kickoff meeting. Tacoma Water requested that RH2 update the hydraulic
model roughness coefficients for these five pipe materials to match the values calculated by
RH2, and not update the coefficients for the other ten materials. RH2 revised the roughness
coefficients for pipes identified with asbestos cement, riveted steel, steel, unknown, and blank
materials in the hydraulic model, and will further evaluate pipe roughness coefficients during the
Stage 2 (steady-state hydraulic model calibration) portion of the contract.

Chart 1: Pipe Roughness Comparison
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UPDATE 4 - “NO SERVICES” AND “FACILITY” JUNCTIONS

Junctions throughout the hydraulic model were assigned pressure zone information by Tacoma
Water based on the pressure zone the junction is physically within, or identified as being a
junction on a transmission main (“Trans”). Junctions with assigned pressure zones that are
located either at facilities or in locations without services can limit the fire flow availability
calculated by the model during batch fire flow analyses, as these junctions are typically located
in areas where the residual pressure is less than the minimum pressure constraints identified in
the fire flow simulation options (typically 20 psi). Examples of junctions in these areas include
junctions near a tank or reservoir, or on the suction side of a pump. RH2 updated the pressure
zone assignment of more than 1,100 junctions as “facility” if the junction is located near a
facility, or “no services” if the junctions are located elsewhere in the water system in a location
without any water services. Junctions not located near a facility that were not assigned pressure
zones by Tacoma Water were not evaluated or updated by RH2, as it is outside of RH2’s scope
to do so. Junctions that have pressures below 25 psi in the existing average day demand (ADD)
scenario (QS_NW_2017 PADD scenario) that were not updated by RH2 because there appear to
be active water services near these locations, are shown in Table 4. Following initialization of
the fire flow analyses to be performed by Tacoma Water in fall 2017, it is recommended that
Tacoma Water review the junctions that limit the fire flow availability in each pressure zone and
determine if any additional junctions need to be assigned to the “no services” or “facility”
pressure zone.
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Table 4: Low Pressure Junctions with Pressure Zone Assignments
Junction Hydraulic
Junction Elevation Grade Pressure
ID No. (feet) (feet) (psi) Pressure Zone
J38468 392.6 436.9 19.2 446N
J39414 3914 436.9 19.7 446N
J125988 4291 4749 19.8 478
J21468 4291 4749 19.8 478
J19768 4291 4749 19.8 478
J19770 4291 4749 19.9 478
J38660 429.2 4771 20.7 478
J127778 429.0 477.0 20.8 478
J127780 429.0 477.0 20.8 478
J127782 429.0 477.0 20.8 478
J38670 429.0 477.0 20.8 478
J70092 429.0 477.0 20.8 478
J38672 428.9 477.0 20.9 478
J38674 428.9 477.0 20.9 478
J122512 428.8 4771 20.9 478
J71312 428.8 4771 20.9 478
J121732 427.9 477.0 213 478
J70150 427.9 477.0 213 478
J70158 427.9 477.0 213 478
J3652 4244 476.0 224 478
J3654 424 4 476.0 224 478
J3678 4244 476.0 224 478
J3616 4241 476.0 225 478
J3650 4241 476.0 22.5 478
J84720 422.9 4749 225 478
J39416 381.7 436.8 23.9 446N
J47122 422.2 4775 239 581 Fletcher Hts
J33478 385.3 442.6 248 478
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UPDATE 5 - PLANNING-LEVEL FIRE FLOW REQUIREMENTS

Planning-level fire flow requirements were identified by Tacoma Water for the different land use
categories to provide a target level of service for planning for and sizing of future water
facilities. The planning-level fire flow requirement for each land use category is shown in Table
5. RH2 created a “Basic_LU” database set for junctions that have a basic land use assigned in
the hydraulic model, and initialized the planning-level fire flow requirement for each junction in
the fire flow table based on the land use categories shown in Table 5.

Table 5: Planning-level Fire Flow Requirements

Planning-level Fire Flow

Requirement Duration
Land Use (gpm) (hours)
Agricultural 1,000 2
City 3,500 4
Commercial 5,000 5
Industrial 5,000 5
Mixed Use 3,500 4
Park 1,000 2
Residential 1,500 2
Residential High Density 3,500 4
Undesignated 3,500 4

UPDATE 6 - PHD DEMAND SETS

The hydraulic model originally provided to RH2 included ADD and maximum day demand
(MDD) demand sets for the 2017, 2027, and 2037 planning periods. Tacoma Water provided
PHD/ADD peaking factors for various land uses and requested that RH2 create PHD demand
sets for the 2017, 2027, and 2037 planning periods. The peaking factors provided by Tacoma
Water are as follows.

 PHD/ADD =3.11 for city, mixed use, residential, residential high density, and
undesignated land uses.

* PHD/ADD = 1.16 for agricultural, commercial, industrial, and park land uses.

RH2 created the PHD demand sets and scenarios for the 2017, 2027, and 2037 planning periods
based on these PHD/ADD peaking factors. Within the hydraulic model, the peaking factor
applied to each demand allocation group is as follows.

e “Res,” “Res-Multi,” “Res-Irrig” = 3.11.
e “Commercial,” “Com-Irrig,” “Wholesale,” “Simpson,” “Partners” = 1.16.
* “Res-Fire,” “Com-Fire” = 1.00 (no change between ADD and PHD).

The resulting system-wide PHDs for the 2017, 2027, and 2037 planning periods are shown in
Table 6, as are the system-wide PHD/ADD peaking factors. The 2027 and 2037 ADD demand
sets have lower demands than the 2017 ADD demand set; therefore, the 2027 and 2037 PHD
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demands are less than the 2017 PHD. The PHD/ADD peaking factors differ for the 2017, 2027,
and 2037 planning periods because the percentage of demands with a 3.11 PHD/ADD peaking
factor is less in the future planning periods compared to the 2017 planning period.

Table 6: System-wide Demands

System-wide Demand System-wide
Demand Type (gpm) PHD/ADD Factor
2017 Planning Period
2017 ADD 34,462 1.85
2017 PHD 63,656 '
2027 Planning Period
2027 ADD 32,078 1.80
2027 PHD 57,747 '
2037 Planning Period
2037 ADD 30,975 177
2037 PHD 54,899 '

OTHER OBSERVATIONS

While the six Stage 1 updates were being performed in the hydraulic model, RH2 identified
numerous junctions and pipes with pressure zone assignments that differed from the actual
pressure zone they actually convey water to. One example of this occurs near the intersection of
111" Avenue E and 128" Street E near the boundary between the 621 (Highland) Zone and the
581 (South Hill) Zone. Junctions on the west side of 111" Avenue E, directly west of the
Highland BPS, are assigned to the 621 Zone, but are actually served by the 581 Zone, as shown
in Figure 1.
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