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ABBREVIATIONS 
(Not all of the abbreviations below appear in this report) 

 
AC asbestos cement water main material  MCL maximum contaminant level 
ADD average day demand  MDD max day demand 
ac-ft/yr acre-feet per year (a measure of water 

volume withdrawn from a well) 
 MG million gallons 

add’l. additional  mgd million gallons per day 
ave. average  mg/L milligrams/liter 
CCS cross connection control specialist  MHI median household income 
CDBG Community Development Block Grant  mi. mile 
CFP capital facilities plan  min. minimum 
cfs cubic feet per second  NRCS Natural Resources Conservation Service 

(formerly SCS) 
CY cubic yards  NEPA National Environmental Protection Act 
DI ductile iron water main material  NPDES National Pollutant Discharge Elimination 

System 
dia. diameter  O&M operation and maintenance 
DOE Wash. State Department of Ecology  PHD peak hour demand 
DFW Wash. State Department of Fish and 

Wildlife 
 PRV pressure reducing valve 

DOH Wash. State Department of Health  PVC polyvinyl chloride (plastic) water main 
material 

DWSRF Drinking Water State Revolving Fund  PWTF Public Works Trust Fund 
DU Dwelling Unit  RCW Revised Code of Washington  
elev. elevation  RD Rural Development (formerly FmHA) 
ERU equivalent residential user (a measure 

of water demand or wastewater flow in 
terms of an equivalent number of single 
family dwellings) 

 ROW right of way 

FF fire flow  SCADA supervisory control and data acquisition 
(i.e., computerized control system) 

FmHA Farmer’s Home Administration, now 
known as Rural Development 

 SDC System development charges 

gal gallons  SEPA State Environmental Protection Act 
gpcd gallons per capita per day  suppl. supplemental 
gpd gallons per day  UGA urban growth area 
gpm gallons per minute  ULID utility local improvement district 
GMA Growth Management Act  VOC volatile organic chemicals 
GO general obligation (a type of bond 

secured by property taxes) 
 WAC Washington Administrative Code 

HP 
IOC 

horsepower 
inorganic chemicals 

 WSDM Water System Design Manual (published by 
DOH) 

I&I infiltration and inflow  WSP water system plan 
LF or 
L.F. 

lineal feet  WTP water treatment plant 

LID local improvement district  WWFP Wastewater Facility Plan 
max. maximum    
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EXECUTIVE SUMMARY 
1. The purpose of this Master Plan is to provide the City of Leavenworth a guide for planning 

water distribution and sanitary sewer collection system infrastructure improvements to meet 
present needs and estimated ultimate growth needs. Costs and financial planning are not 
included in this document. The improvements identified in this Master Plan will be used to 
create a Capital Improvements Plan (CIP), which will include financial planning and schedule. 
The implementation of identified improvements is subject to financial feasibility. 

 
2. The Planning Area consists of the present UGA, plus the area north of the UGA to the north 

end of the Titus Rd. loop (See Figure 1). 
 
3. The water and sanitary sewer pipeline system analyses and improvements in this Master Plan 

are based on estimated water use and wastewater production at full buildout of the Planning 
Area at present zoning designations. These flow levels are roughly 3.5 times present flows, 
which would occur in approximately 40 to 50 years if growth rates average roughly 3% over 
that period. There are indications of the possibility that growth rates over the next few years 
could be much greater than 3%. 

 
4. The criteria used for this Master Plan of estimating water use and wastewater production at full 

buildout (40-50 years) is for the purposes of long range planning. As such it is different from 
the criteria used in the Water System Plan and the Wastewater Facility Plan (20 year). This 
criteria is an important determinant in identifying improvements, estimated costs and planning 
improvements.  

 
5. For the purposes of this plan, it is assumed that water supply capacity, water rights and 

wastewater treatment capacity will be increased as needed in the future to meet the projections 
included herein. If these assumptions change in the future this plan will need to be reviewed 
and updated as necessary. This subject should be addressed in the 2008 WSP update. The 
findings in the WSP should then be reflected in the water system CIP. 

 
6. Analysis of the water system indicates current deficiencies in capacity in several areas. 

Analysis of the sewer system indicates no current pipeline capacity deficiencies. However 
operation and maintenance problems are identified in the 15” South Interceptor and a 10” 
collection pipe on south Commercial St. due to deteriorated pipe, root intrusion and poor grade 
causing sedimentation. 

 
7. The system improvements identified in this Master Plan are summarized on Tables 3-4 and 4-1 

shown on the following two pages of this Executive Summary as well as in the text of the 
report. The improvements are shown on Figures 4 and 6 (reproduced ½ size ahead of the 
Appendix, and on full size sheets in the pockets at the end of the document).  

 
8. The pipeline layouts and alignments shown are schematic. That is, in some cases specific 

alignments can vary from those shown, however such variations must satisfy the capacity 
provided by the concept designs shown. Similarly, specific development sequences and local 
topography will affect improvement designs and even in some cases capacity needs or layouts. 
In most cases engineering predesign will be required to address project specifics. In some cases 



City of Leavenworth 
Water Distribution System and Sewer Collection System Master Plan Executive Summary  

14-08-01-02 Master Plan 6-10-08 Final.doc v VARELA AND ASSOCIATES, INC. 

for water system improvements a Project Report per DOH requirements will be required, such 
as booster stations and reservoirs.  

 
9. The improvements shown in this Master Plan are not intended to be detailed design. Design 

details must be determined during the planning and design of individual projects and elements. 
 
10. This plan should be reviewed and updated if needed approximately every six years to reflect 

changing development and growth patterns, water and wastewater flow data, potential 
regulatory and criteria changes. 
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Table 3-4 Summary of Water Distribution System Improvements and Schedule 
(See Figure 4) 
Improvement 
Designation Category Description & Purpose Schedule Beneficiary 

1-A Supply 
Transmission 

Main upgrades on Icicle Rd from East Leavenworth Rd to 
well T-main to prevent excessive pressures when WTP 
operates 

Necessary if/when the City upgrades the capacity of the 
water treatment plant  Entire system  

1-B Supply 
Transmission 

Main upgrades from well T-main to Commercial St & 
Mill St to allow the City to fully utilize existing supply 
capacity of wells & WTP 

Needed to address current deficiencies Entire system 

1-C Supply 
Transmission 

Replace deteriorated main in East Leavenworth Rd from 
Icicle Rd to Dye Rd  

Schedule and size dependent on whether storage is 
planned at east end of town, timing of County road 
projects,  and aging/deterioration of the existing 10” steel 
main 

Entire system 

1-D Supply 
Transmission 

Higher priority section of E. Lvnw. Rd. main replacement 
due to leakage and poor condition  (approx 1/4 mile) Replace failing pipe as soon as practical Entire system (reduces system 

leakage and O&M costs) 

1-E Supply 
Transmission Abandon deteriorated 10” steel main across river When/if it is determined to be leaking Entire system (reduces system 

leakage and O&M costs) 

2 Downtown 
Transmission 

Main upgrades mostly along Commercial St and Front St 
to provide fire flow to downtown and transmission to east 
end of system 

These improvements are needed to address current 
deficiencies 

Primarily the downtown and 
eastside areas with some degree 
of benefit to entire system 

3 
Zone 1 
Transmission to 
Ski Hill Dr 

Main upgrades from the downtown trunk main to the Pine 
St / Ski Hill Dr area to bolster suction pressures at Ski Hill 
booster station #1 

Needed when the City upgrades the pumps at Ski Hill 
booster station #1 for growth Entire System 

4 
PressureZones 
2-4 (present & 
future) 

Schematic layout of mains and looping necessary to meet 
minimum criteria in all pressure zones As development occurs Ski Hill Zone 2 - 4 

5 
Pressure 
Reducing 
Stations 

Pressure reducing valves between zones make the 
storage of upper zones available to lower zones 

Needed when the City constructs storage for Zone 3 and 
for interim fire protection before full distribution grid is 
constructed 

Main Zone and Ski Hill Zone 2 

6 
Titus Rd / 
Chumstick Hwy 
Intertie 

Pressure reducing station linking Titus Rd (Zone 2) and 
the Chumstick Hwy (Zone 1) to provide fire protection 
along the Chumstick Hwy and augment downtown & 
riverbend fire flows 

These improvements are needed to address current 
deficiencies Main Zone 

7 Titus Rd PRV PRV in Titus Rd near the high school to provide fire flow to 
Zone 1 

Needed to address current deficiencies (most important 
prior to implementation of items 2 and 6 above) Main Zone 

8 Supply 
Transmission 

Replace deteriorated 16” main in Icicle Rd. from WTP to 
East Leavenworth Rd. with 18” main. As necessary due to maintenance issues Main Zone 

(see Figure 4) Distribution Replace existing 4” mains with 8” mains As necessary due to maintenance issues or as 
development requires. Main Zone 
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Table 4-1 Summary of Sanitary Sewer Collection System Improvements and Schedule 
(See Figure 6) 
Improvement 
Designation Purpose Description Schedule Beneficiaries 

1 
Increase 
existing 
capacity 

Replace existing South Interceptor Sewer from MH C12 to 
MH A1 with 18” pipe (reconstruct at constant grade to 
correct isolated grade deficiencies) and MH A1 to MH H2 
with 21” pipe. 

Replace as needed to correct operation and maintenance 
deficiencies, also monitor flow and replace as pipe nears 
capacity.  

Drainage Basin for the South 
Interceptor, Trunk Line 1 and 
Trunk Line 6 

1-A Operation and 
Maintenance 

Replace existing South Interceptor Sewer from  MH C4 to 
MH C6a with 18” pipe (reconstruct at constant grade to 
correct isolated grade deficiencies) 

As soon as practical due to operational problems Drainage Basin for the South 
Interceptor, Trunk Line 1 and 
Trunk Line 6 

2 
Increase 
existing 
capacity 

Replace existing Trunk Line 1 from MH E7-C to MH E8-C. Replace as needed to correct operation and maintenance 
deficiencies, also monitor flow and replace as pipe nears 
capacity. 

Drainage Basin for Trunk Line 1 
upstream of MH E8-C 

3 
Increase 
existing 
capacity 

Install new MH to north of MH E15-C to intercept flow from 
the north, rerouting flow to Trunk Line 2. Install new 12” 
pipe to MH B12. Plug north invert of MH E15-C. 

Needed when collection system pipe is extended north of 
Pine St. on Ski Hill Dr. 

Drainage Basin for Trunk Line 2 
upstream of MH E15-C 

4 
Increase 
existing 
capacity 

Abandon pipe between MH B18 and MH B19. Install new 
10” Pipe between MH B22 and MH B19, reroute flow to 
Trunk Line 3.  

Needed when collection system pipes are extended north 
of Emig Dr. and west of Titus Rd. 

Drainage Basin for Trunk Line 4 
upstream of MH B19 

5 
Increase 
existing 
capacity 

Replace portions of Trunk Line 6 with 10” pipe.  Replace as needed to correct operation and maintenance 
deficiencies, also monitor flow and replace as pipe nears 
capacity. 

Drainage Basin for Trunk Line 6 

6 Extend service 
to new area 

Replace existing mains from MH A4 to MH A7 (size as 
noted) at minimum slopes to increase depth. Install new 
10” pipe from MH A7 to Area 9 along Chumstick Hwy.  

As development occurs (see Exhibit A for alternatives) Future connections in Drainage 
Basin for new Trunk Line 7 

7 Extend service 
to new area 

Construct Lift Station with force main to 10” pipe at Area 9. 
Install new 8” pipe from Lift Station to Area 4. 

As development occurs (see Exhibit A for alternatives) Future connections in Drainage 
Basin for new Trunk Line 7 

8 Operation and 
Maintenance 

Install 8” gravity mains to area. Abandon existing lift 
station and connect residents to new gravity pipe. 

As needed to correct future operation and maintenance 
deficiencies or replacement needs related to existing lift 
station. 

Existing and future connections  
to existing lift station 

9 Extend service 
to new area 

Construct Lift Station and install 8” and 10” pipe As development occurs Future connections to Drainage 
Basin for Trunk Line 5 

 
A maintenance program is recommended to include annual flushing of mains and a cleaning, root removal and internal TV inspection 
program every 5 years or as determined to optimize system condition, monitoring and maintenance/replacement. Based on the results of 
these inspections a rehabilitation/replacement program can be implemented and budgeted. Implementing a rehabilitation/replacement 
program is an important step in maintaining adequate system function preventing , system failures and to facilitate financial planning. 
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1. GENERAL INFORMATION 

1.1. Purpose 
The purpose of this master plan is to provide the City of Leavenworth a guide for planning water 
distribution and sanitary sewer collection system infrastructure improvements to meet present needs 
and estimated ultimate growth needs and to as a tool for capital improvements and budget planning. 
 
This report documents projected ultimate growth estimates, growth distribution, design criteria and 
system analysis, as well as water distribution system and sewer collection system improvements to 
provide service to meet the projected ultimate growth. 
 
This plan should be reviewed and updated if needed approximately every six years to reflect 
changing development and growth patterns, water and wastewater flow data, potential regulatory and 
criteria changes. 

1.2. Scope of Work 
The scope of work documented in this report is limited to analysis of the water distribution system 
and sanitary sewer collection system and does not address water supply or wastewater and treatment. 
The scope includes the following: 
 
Planning 

o Planning area and zoning (provided by City) 
o Growth areas, densities and ultimate projected infill criteria (provided by City) 

 
Water 

o Determine and distribute projected ultimate demands within the planning area 
o Update water distribution system map and computer hydraulic model (information provided 

by the City, field verification not included) 
o Work with City staff to determine and adopt desired water distribution system design criteria 

(e.g. demands, max.-min. pressures, fireflows, etc.) 
o Analyze pipeline system under ultimate projected development 
o Identify and quantify deficiency areas 
o Identify and compare improvement alternatives needed to meet projected ultimate demands 

and extend service to future development, focusing on pressure zone and trunk main sizes 
and configurations 

o Provide system master plan exhibit map showing trunk main sizes, pressure zone 
configurations and approximate and/or assumed future reservoir and booster station locations 

 
Sanitary Sewer 

o Determine and distribute projected ultimate flows within the planning area 
o Update sewer collection system map (information provided by the City, field verification not 

included) 
o Determine system design criteria 
o Discuss operational problem areas 



City of Leavenworth, Washington 
Water Distribution System and Sewer Collection System Master Plan 1. General Information  

14-08-01-02 Master Plan 6-10-08 Final.doc 2 VARELA AND ASSOCIATES, INC. 

o Analyze pipeline system under ultimate projected flows including allowance for inflow and 
infiltration (I&I analysis not included) 

o Identify probable deficiency areas 
o Provide system master plan exhibit map showing trunk main sizes and likely required lift 

station locations 
 
This is not a Water System Plan or Project Report per WAC 246-290 or a Wastewater Facility Plan 
or Preliminary Engineering Report per WAC 173-240. Other related infrastructure such as waster 
supply, water storage, water rights, and wastewater treatment are not analyzed. 
 
This Master Plan is based on available USGS contour and topographic mapping. More detailed 
topographical mapping is planned by the City. It may be necessary to refine or revise this Master 
Plan in specific areas based on either future topographical information obtained by the City or 
developer, or specific detailed development plans, schedules and phasing. 
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2. PLANNING DATA 

2.1. Planning Area 
The planning area for the Water Distribution and Sanitary Sewer Collection System Master Plan was 
provided by the City and consists of the area within the City of Leavenworth UGA, including the 
area north of the UGA to the north end of Titus Rd. loop, between Chumstick Hwy and the western 
UGA boundary. See Figure 1. Note that additional ERUs resulting from potential annexations which 
increase the present UGA area, with the exception of extension to Titus Rd. (as shown on Figure 1) 
are not included in this plan, or the identified improvements. 

2.2. Zoning 
Zoning in the planning area requiring water and sanitary sewer service consists of the following 
classifications.  
 

• Residential 
o Planned Development Zone 
o Residential Multi-family Zone 
o RL-10 Zone 
o RL-12 Zone 
o RL-6 Zone 

• Non-residential 
o Tourist Commercial Zone 
o Central Commercial Zone 
o General Commercial Zone 
o Light Industrial Zone 

 
See the City Code for definitions of the land use allowed in each zone effective as of the date of this 
report. Excerpts from applicable City Code is included in the appendix. 

2.3. Equivalent Residential Units (ERUs) 
ERUs are a widely accepted and convenient unit of measure when estimating water system demands 
and wastewater volumes. ERUs represent the average water use or wastewater volume generated by a 
typical single family residence in a particular system. Thus, the figures will vary somewhat from 
system to system, although wastewater volume generated by a single family residence generally does 
not vary considerably between similar residences in similar areas. Single family water use can vary 
significantly from system to system, since it is affected by outside water needs for lawn irrigation. 
Water use and wastewater volume generated by non-residential connections, including commercial, 
public, recreational and industrial customer classes can vary significantly among different customers 
in the same customer class. Converting non-residential connections into ERUs measures the impact 
to the water or wastewater system of each non-residential connection in comparison to the impact of 
a single family residence. In this way the impact of two dissimilar connections can be compared in a 
similar fashion. 
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Calculating water ERUs and wastewater ERUs for the same residential and non-residential mix of 
connections will result in different ERU totals. For example, a convenience store that occupies a one 
acre lot occupies the same area as seven RL-6 zoned residences with lawns. The one-acre residential 
area is equivalent to 7 water ERUs. Since a convenience store typically irrigates (the largest water 
use) very little and only uses water for one bathroom, it may only use the equivalent of 1 water ERU. 
The same one-acre residential area is also equivalent to 7 sewer ERUs, but the convenience store 
may have significantly more or less than 7 sewer ERUs, depending on typical customer traffic and 
resulting volume of bathroom use.  

2.4. Water Demands and Distribution 

2.4.1. Estimated Water ERUs 
Areas within City Water Service Area but outside of the Planning Area 
The number of existing ERU’s established in the 2002 WSP were used for the East Leavenworth Rd. 
and Icicle Rd. areas. These areas are within the City of Leavenworth Water System Service Area 
Boundary but outside the UGA and the planning area. Future growth projections have not been made 
for this area. As previously reported by the City there is a moratorium on new water services in these 
areas and very little growth is expected in these areas.  
 
Residential ERUs 
Estimated numbers of ultimate dwelling units (DU) for the urban growth area north of the City limits 
and the Titus Rd. loop were provided by the City.  As directed by the City, dwelling units in the 
remaining residentially zoned areas were estimated assuming full build out using current minimum 
lot sizes by taking the total residential zoned area and dividing by the minimum lot size.  
 
A large component of residential water use is irrigation for lawns and landscaping. To reflect larger 
water use associated with typically larger single family lots the estimated dwelling unit number was 
than converted into ERUs (Equivalent Residential Units) using the following formula: 
 

• Each Dwelling Unit (DU) in areas with a minimum lot size of 6,000 s.f. or greater equals 1 
ERU 

• Each Dwelling Unit (DU) in areas zoned multi-family or with minimum lot size less than 
6,000 s.f. equals 0.6 ERUs. 

 
The 0.6 factor was determined by taking the total annual water use of several apartment buildings in 
the City and dividing by the number of units. This resulted in a factor of 0.5. This was revised to 0.6 
to reflect a likely slightly higher water use for condominiums over apartments.  
 
Cascade School District has three schools located in residential zoned areas. District annual metered 
water use was divided between the three locations based on number of meters and converted to 
ERUs. 
 
The residential DUs and ERUs calculations are included in the Appendix. The total projected 
ultimate residential DUs are 5,237. Total projected residential water use ERUs are 4,316.  
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Non-Residential ERUs 
Estimating water use for non-residential zoned areas is not as straightforward as residential water use 
because different building and development types can have substantially different water demands.  
General development types listed from high to low water use typical to non-residential zoned areas in 
the City include: 
 

• Schools and Parks 
• Condominiums 
• Hotels 
• Restaurants 
• Shops 

 
Except for schools and parks, the highest demand scenario for the non-residential zoned areas would 
be to assume the total area is developed into condominiums following current zoning limits. The 
calculations for this demand scenario are included in the Appendix and results in 4,316 ERU’s and 
averages 29 ERU/Acre.  
 
A large part of the downtown area is configured to serve the local tourism and consists of hotels, 
restaurants and shops. It is not logical to assume that all the non-residentially zoned areas in the City, 
including the downtown area, will be converted into maximum density condominiums. It was 
therefore decided to use the following methodology and assumptions for the purposes of water 
distribution system analysis and planning. 
 

• Full condominium build out would occur in approximately 50% of the total area 
• The remaining 50% would be a mix of motels (25%) restaurants and shops (25%) 

 
Existing annual water use was analyzed for several hotel/motels currently located in the City. The 
result ranged from 4 – 26 ERU/Acre. A mix of restaurants and shops are estimated to average half 
the hotel/motel use and result in a range of 7 - 13 ERU/Acre. This report will use the higher end of 
these ranges. 
 
Applying these assumptions to the 4,316 ERU’s projected above results in the following: 

Table 2-1 Estimated Ultimate Non-Residential ERUs 
Development Type Coverage Area (acres) ERU/Acre ERUs 
Condominiums 50% 79 29 2,291 
Hotel/Motel 25% 39 20 780 
Restaurant/Shops 25% 39 10 390 
Light Industrial Area  5 9 45 
Enchantment Park (1)  7 4.3 30 
Schools (2) n/a n/a n/a n/a 

Total  169.0  3,536 
(1) Enchantment park meter broken, assumed 7 acres at 1" per week for 5 months [22 weeks] = 7 * 1.83' =12.83 acre/ft = 4.2 

million gallons annually. 4.2 MG divided by 365 days/yr divided by 390 gpd/ERU ~ 30 ERUs 
(2) Cascade School District schools are located in residential zoned areas and are included in the estimated residential ERUs 
 
Ultimate estimated non-residential ERUs total 3,536 based on the assumptions noted previously, 
current zoning and height limits. The estimated ERUs were distributed to the individual sub areas in 
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proportion to land area, not including rights-of-way. The ERU analysis, data and calculations are 
included in Appendix A. 

2.4.2. Projected Ultimate Residential and Non-Residential ERUs 
The annual water demands associated with an ERU documented in the 2002 WSP averaged 389 
gpd/ERU and unaccounted for water (difference between water produced and sold) ranged from 
13%-15% between 1998 and 2000. Actual water production averaged 444 gpd/ERU. Unaccounted 
for water can include combination of many factors including leakage, inaccurate meters, unmetered 
locations, reservoir overflows, fire hydrant testing, construction, etc. In addition the unaccounted for 
water becomes a much smaller percentage (3-4%) during maximum day and peak hour demand 
conditions under which the distribution system is analyzed and designed. Unaccounted for water is 
therefore not included in the water distribution system demand loading.  
 
It is assumed that the 389 gpd/ERU reported in the 2002 WSP water use will decline during the 
planning period. This is based on the following observations: 
 

• The City does not have adequate water rights to supply water for the estimated growth, which 
will increase the importance of conservation 

• It is anticipated that conservation compliance regulations will increase 
• The City will be under regulatory pressure to structure water rates to promote conservation 
• Current DOH regulations require water systems to meet a maximum 10% unaccounted for 

water, meaning system leakage will likely eventually be reduced to a hydraulically 
insignificant amount 

• Current building codes require new buildings to install low flow plumbing fixtures 
• Ultimate build out assumptions will result in individual residential lots that are smaller than 

existing lots and therefore will likely use less water per residential connection 
 

This analysis therefore assumes a 15% reduction in annual average water use per ERU for ultimate 
distribution system demands. Reducing the 1998-2000 average annual water use of 389 gpd/ERU by 
15% results in 330 gpd/ERU. By comparison, the City of Cashmere’s current water demand is 
approximately 332 gpd/ERU after implementation of a conservation encouraging rate structure. 
 
The current number of ERUs is approximately 2325 and current annual water use is approximately 
0.9 MGD (2,325 ERUs x 389 gpd/ERU). The projected ultimate water use ERUs and resulting water 
demands are as follows: 
 

Table 2-2 Projected Ultimate ERUs and Water Use 
 

Description 
 

Projected ERUs 
Annual Average 

Gpd/ERU 
Annual Average 

Water Use (MGD) 
Residential 4,316 330 1.42 
Non-Residential 3,536 330 1.17 
Total 7,852 330 2.59 
 
ERUs have been projected and estimated based on ultimate growth (at build out) utilizing current 
zoning restrictions and assumed development types. The result is a total of 7,852 ERUs within the 
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planning area. This represents a total ERU increase of 237%, or an annual ERU growth rate of 
between 2.45% and 3.05% over 40-50 years (a total growth factor of 3.37).  
 
2.59 MGD calculates to approximately 2,900 acre/ft. Existing City annual water rights (Qa) is 1,465 
acre/ft. The City does not currently have adequate annual water rights to support this growth. 
Instantaneous water rights are not analyzed. It is assumed the water rights situation will be resolved 
within the planning period. Additional specific boundary conditions and assumptions regarding the 
hydraulic analysis are documented in the Section 3. 

2.5. Sewer Flows and Drainage Basins 

2.5.1. Equivalent Residential Units (ERUs) 
Wastewater volume is estimated based on ERUs for collection system hydraulic analysis and 
planning purposes. One ERU is equivalent to the wastewater volume produced in a single family 
residence.  
 
Estimated ultimate Dwelling Units (DU) for the urban growth area north of the City limits and the 
Titus Rd. loop were provided by the City. Dwelling units in the remaining areas were estimated 
assuming full build out under current zoning restrictions.  
 
2000 Census information prepared by the Washington State Office of Financial Management for the 
City of Leavenworth indicates the average single family residence consisted of 2.51 persons and the 
average multi-family residence consisted of 1.88 persons. As density increases and lot sizes shrink 
persons per unit typically decreases. To estimate ultimate flows this analysis assumes 2.3 persons per 
single family residence and 1.6 persons per multi-family residence. 
 
DUs are converted to ERU’s as follows: 
 

• Each Dwelling Unit (DUs) in areas with a minimum lot size of 6,000 s.f. or greater equals 1 
ERU 

• Each Dwelling Unit (DUs) in areas zoned multi-family or with minimum lot size less than 
6,000 s.f. equals 0.7 ERUs (1.6 ÷ 2.3). 

2.5.2. Infiltration and Inflow (I/I) 
Infiltration and Inflow (I/I) is the introduction of stormwater or ground water into wastewater 
collection systems. This extraneous water enters the sanitary sewer system through cracked pipes, 
leaking pipe joints and leaking manholes, as well as downspouts and sump pumps from 
homes/businesses that are connected directly to the sanitary sewer system. Once this stormwater 
enters the sanitary sewer it adds to the daily volume of wastewater that must be collected, pumped 
and treated by municipal wastewater facilities. 
 
The 1996 Wastewater Facility Plan (WWFP) estimated the annual I/I flow component at 9.1 MG and 
peak month at 83,000 gpd. This results in an annual average I/I of 14 gpcd and approximately 8.5% 
of the total wastewater flow. The WWFP included an I/I allowance of 20 gpcd for future planning. It 
was noted in the WWFP that periods of high infiltration, generally during periods of snow melt and 
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winter runoff, do not coincide with periods of high residential and commercial wastewater flow 
production which peak during the height of the tourist season and festivals. 
 
It is assumed that the future collection system will be a mix of new, old and rehabilitated pipe; 
therefore I/I will continue to be a contributing component of the ultimate wastewater flows. The 
ultimate flows estimated herein are a product of both increased density and expansion of the existing 
collection system. 
 
Existing Collection System 
As stated previously, estimated peak infiltration does not occur during periods of high wastewater 
flows, therefore this analysis will not use peak infiltration rates. Average annual I/I of 9.1 MG results 
in approximately 25,000 gpd. 
 
Since I/I is more directly related to length and diameter of sewer pipe, increasing population densities 
within the existing collection system service area without an increase in sewer pipe length will not 
result in an increase in I/I. An increase in I/I would however be related to continued deterioration of 
the existing pipe. It is anticipated that some of the older, more deteriorated pipes will be replaced 
while the remaining pipe will continue to deteriorate during the 40-50 year planning period of this 
collection system analysis. 
 
It is assumed the overall condition of the existing collection system will continue to deteriorate and 
I/I will increase during the planning period. Assuming a 50% increase in I/I results in 37,500 gpd. 
Distributed equally throughout the existing 470 acre collection system area results in 80 gpd/acre. To 
be conservative this analysis will estimate the ultimate I/I flow component within the existing 
collection system service area at 100 gpd/acre (an 88% increase over existing average annual I/I). 
 
Expanded Collection System 
Expanding the collection system to the UGA limits and the Titus Rd. loop increases the overall sewer 
pipe footage and increases the potential for I/I. This is an area with known wetlands and seasonal 
groundwater. New PVC sewer pipe is better at resisting infiltration than the older concrete pipe 
which makes up the majority of the existing collection system pipe. The larger area and lower 
densities allowed in this area means there will be more feet of sewer pipe per connection than in the 
denser areas within the existing collection system service area.  The likely result will be the I/I flow 
component in the expanded area will be higher per connection. For this reason the 20 gpcd assumed 
in the 1996 WWFP will also be used in these areas.  

2.5.3. Estimated Wastewater ERUs 
Wastewater flows were estimated based on ERUs per acre. One ERU is equivalent to 2.3 persons. 
The 1996 WWFP estimated residential flow at 70 gpcd. Using 2.3 persons per ERU results in 161 
gpd/ERU, not including I/I. 
 
ERUs per acre were determined by estimating ultimate dwelling units and converting dwelling units 
to ERUs per the criteria established previously. Dwelling units for the UGA north of the City limits 
and the Titus Rd. loop were provided by the City for the growth areas.  
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Residential ERUs 
Residential zoning includes the following classifications: 

 
• RL-12 Zone: 1 dwelling unit per 12,000 sq.ft.  area 
• RL-10 Zone: 1 dwelling unit per 10,000 sq.ft.  area 
• RL-6 Zone: 1 dwelling unit per 6,000 sq.ft. area 
• Planned Development Zone: Dwelling units estimated using RM-2 classification 
• Residential Multi-family Zone (RM-2): 1 dwelling unit per 2,000 sq.ft.  area 

Table 2-3 Residential ERU/Acre 

Current Zoning Min. lot SF/D.U. 
Calculated Max. 

D.U./Acre DU to ERU factor (1) 
Calculated 
ERU/Acre  

RL-12 12,000 3.6 1.0 3.6 
RL-10 10,000 4.4 1.0 4.4 
RL-6 6,000 7.3 1.0 7.3 
RM-2 2,000 21.8 0.7 15.2 

(1) From Section 2.5.1 one single family residential dwelling unit (DU) unit = 1 ERU, One multi-family residential dwelling unit (DU) 
= 0.7 ERU 

 
The public schools are located in the residential area. Wastewater flow for the schools was estimated 
as follows: 

Table 2-4 Estimated School ERUs 

School Students/Faculty gpd/person (1) (gal) gpd/ERU (2) Growth (3) ERU (4) 
Cascade HS 535 16 8,560 161 200% 106 
Icicle MS 294 16 4,704 161 200% 58 
Osborne ES 415 16 6,640 161 200% 82 

(1) Per DOE Criteria for Sewage Works Design 
(2) 2.3 persons per ERU x 70 gpcd = 161 gpd/ERU 
(3) Assumed allowance 
(4) ERU equals: gal ÷ gpd/ERU x 200% 
 
The calculated ERUs for the schools are included in the basins where the schools are located. The 
area is not included when calculating ERUs based on zoning. 
 
Non-Residential ERU/acre 
Non-residential zoning requiring water and sanitary sewer service includes the following 
classifications: 

• Tourist Commercial Zone 
• Central Commercial Zone 
• General Commercial Zone 
• Light Industrial Zone 

 
Estimating non-residential wastewater contributions is not as straightforward as residential 
wastewater contributions because different building and development types can have substantially 
different wastewater contributions.  General development types listed from high to low wastewater 
contribution typical to the City include: 



City of Leavenworth, Washington 
Water Distribution System and Sewer Collection System Master Plan 2. Planning Data  

14-08-01-02 Master Plan 6-10-08 Final.doc 10 VARELA AND ASSOCIATES, INC. 

• Schools 
• Condominiums 
• Hotels 
• Restaurants 
• Shops 

 
As was stated in the Section 2.3.2, a large part of the downtown area is configured to serve the local 
tourism and consists of hotels, restaurants and shops. It is not logical to assume that all the non-
residentially zoned areas in the City, including the downtown area, will be converted into maximum 
density condominiums. Therefore similar assumptions used in the Section 2.3.2 were also used for 
sewer collection system analysis and planning. 
 

• Full condominium build out would occur in approximately 50% of the total area 
• The remaining 50% would be a mix of motels (25%) restaurants and shops (25%) 

 
Condominium ERUs are shown in Table 2-5. 

Table 2-5 Estimated Condominium ERUs/Acre 

Zoning 

Max. 
Buildable 

Coverage (1) 
Total Buildable 
Area (acres) (2) 

D.U. 
Size 

(SF) (3) 

Max. 
D.U. per 

floor 

Max. 
Number of 
Floors (4) 

Max. 
Number of 

D.U. (5) 

DU to 
ERU 

factor (6) 
ERU per 
Acre (7) 

TC 50% 0.50 1,500 15 2 30 0.7 21 
GC 75% 0.75 1,500 22 2 44 0.7 31 
CC 50% 0.50 1,500 15 4 60 0.7 42 

(1) Maximum buildable coverage from Title 18 zoning regulations as follows:  
(2) 50% Tourist Commercial (TC) 
(3) 75% General Commercial (GC) 
(4) 50% Central Commercial (CC) 
(5) Total buildable area: 1 acre x maximum buildable coverage 
(6) Assumed 1,250 sf per dwelling unit plus 250 sf for common space, hallways, etc. 
(7) Maximum buildable height for TC and GC is 35 ft. (generally 2 floor max.) and for CC is 50 ft. (generally 4 floor max.) 
(8) Maximum number of DUs: maximum DU per floor x number of floors 
(9) One single family residential dwelling unit (DU) unit = 1 ERU, One multi-family residential dwelling unit (DU) = 0.7 ERU 
(10) Estimated population ÷ 2.3 persons per single family dwelling unit 
 
From the 1996 WWFP hotel/motel contributions were estimated between 2,300 to 2,700 gpd/acre. 
Using 2,500 gpd/acre and assuming 161 gpd/ERU results in 15.5 ERU/acre. 
 
From the 1996 WWFP restaurant contributions (assuming quality dining) were estimated between 
2,000 to 2,500 gpd/acre and retail/shops were estimated at 1,000 to 2,000 gpd/acre. Using 2,000 
gpd/acre and assuming 161 gpd/ERU results in 12.5 ERU/acre. 
 
ERUs for the non-residential zoned areas are applied as follows: 

Table 2-6 Non-Residential ERUs/Acre 

Condominiums Hotel/Motel Restaurants/Shops 
Zoning ERU/Acre % ERU/Acre ERU/Acre % ERU/Acre ERU/Acre % ERU/Acre 

Resulting 
ERU/Acre 

TC 21 50% 10.5 15.5 25% 3.9 12.5 25% 3.1 18 
GC 31 50% 15.5 15.5 25% 3.9 12.5 25% 3.1 23 
CC 42 50% 21.0 15.5 25% 3.9 12.5 25% 3.1 28 
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Light Industrial zoned areas are estimated based on 2,500 gal/acre, or 16 ERU/acre. 

2.5.4. Projected Ultimate Residential and Non-Residential ERUs 
The projected ultimate ERUs used for this collection system analysis are as follows: 

Table 2-7 Projected Ultimate ERUs 
Description Projected ERUs 
Residential 4,514 

Non-Residential 3,823 
Total 8,337 

2.5.5. Projected Wastewater Flows 
Ultimate wastewater flows at buildout were estimated as follows: 
 

• Divide planning area into drainage basins 
• Quantify area within each drainage basin by zoning classification 
• Apply ERUs per acre established herein to each drainage basin 
• Apply 161 gal/ERU 
• Add 100 gpd/acre I/I to the existing collection system service area 
• Add 20 gpcd I/I to expanded collection system service area 
• Apply peaking factor to estimated wastewater flows to analyze system under peak hour flow 

(per 10 State Standards, I/I not peaked, Peak Hour Factor table included in the Appendix) 
• Analyze peak hour flows through the system 

 
Drainage basins are shown on Figure 5. Wastewater flow calculations by basin and subbasin are 
included in the Appendix. 
 
Total projected ultimate wastewater flows (including I/I) used to analyze the sewer collection system 
are as follows: 

Table 2-8 Projected Ultimate Wastewater Flows 
Annual Average Day 

WW Flow I/I Total 
 

Peak Hour Flows 
(MGD) (MGD) (MGD) (gpm) (MGD) (gpm) 

1.355 .133 1.489 1,034 4.334 3,010 
 
ERUs have been projected and estimated based on ultimate growth (at build out) utilizing current 
zoning restrictions and assumed development types. The result is a total of 8,337 ERUs within the 
planning area. Based on present annual average wastewater treatment flow of 384,000 gpd, the 
projected ultimate annual average flow of 1.489 MGD used in this analysis represents an increase of 
288% over present flows (a total growth factor of 3.88). 
 
This is equivalent to an annual growth rate of roughly 3% over 40-50 years. This is consistent with 
the projected ERU growth used to analyze the water distribution system. 
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The design capacity of the existing wastewater treatment plant (WWTP) is summarized as follows: 
 

Average Annual Flow (MGD):  0.65 
Maximum Monthly Average Flow (MGD): 0.84 
Maximum Daily Flow (MGD):  1.28 
Peak Hourly Flow (MGD):  2.60 

 
The ultimate wastewater flows projected in this analysis exceed the current capacity of the existing 
WWTP. Analyzing the wastewater treatment plant is outside the scope of this work. It is assumed 
that capacity of the WWTP will be increased within the planning period.  
 
This analysis assumes projected wastewater volumes will continue to flow to the current WWTP site 
and if a future WWTP is constructed at a different site, a lift station will be constructed to pump the 
wastewater from the current WWTP site to a future WWTP site. 
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3. WATER DISTRIBUTION SYSTEM ANALYSIS 

3.1. Distribution System Hydraulics 
This analysis utilizes an updated and modified version of the City’s hydraulic model; the City 
originally constructed the model during the 1991 and 2002 Water System Plans to provide 
distribution system analysis. The City’s 2002 Water System Plan (WSP) identifies many of the 
deficiencies addressed in this analysis. This analysis carries forward portions of relevant discussions 
from the 2002 WSP related to the distribution system. 

3.2. Water System Evaluation Criteria 
Section 5 of the City’s 2002 Water System Plan presents design standards for evaluation of existing 
facilities and planning for future facilities. The Master Plan generally follows the standards used in 
the WSP. Deviations from the WSP criteria are shown in brackets along with DOH minimums. The 
following outlines the criteria used in this Master Plan: 
 
• Supply 

o The system shall have sufficient supply capacity to meet the system maximum day 
demand (MDD) [DOH criteria] 

• Distribution System 
o Minimum system pressure during peak hour demand (PHD) shall not be less than 

40 psi at all service connections throughout the system [DOH: 30 psi min.] 
o Minimum system pressure during the max day demand (MDD) fire flow condition 

shall not be less than 20 psi at all service connections throughout the system [DOH 
criteria] 

o Minimum new pipe size shall not be less than 8” [DOH: 6” unless justified by 
hydraulic analysis] 

• System Performance / Energy Efficiency 
o Pressure decrease from static to PHD shall not exceed 20 psi [Criteria used in Master 

Plan to meet customer expectations/satisfaction and decrease wear and tear on the 
distribution system and customer plumbing related to frequent pressure variations] 

o Pressure increase due to operation of water treatment plant pumps and/or wells shall 
not exceed 20 psi [Criteria used in Master Plan for energy efficiency] 

o System pressure at service connections shall not exceed 100 psi [DOH criteria unless 
justified by design engineer] 

• Fire Flow 
o Based on discussions with the Washington Surveying & Rating Bureau (WSRB) and 

the local Fire District the City adopts the following fire flow criteria: 
 Residential: 1,500 gpm for 1 hour 
 Multi-family: 2,500 gpm for 2 hours 
 Schools: 2,500 gpm for 2 hours 
 Commercial: 2,500 gpm for 2 hours (for areas zoned Tourist Commercial, 

General Commercial, and Light Industrial) 
 Downtown: 3,500 gpm for 3 hours (for areas zoned Central Commercial) 
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 The system shall achieve the flow rates and durations defined above while 
maintaining 20 psi minimum pressure at all system service connections 

 
The criteria defined above directly affect the improvements necessary to serve future growth. State 
regulations dictate some of the criteria while others are more subjective (e.g. the State does not 
require systems to consider performance / energy efficiency, however, this can lead to energy waste, 
operational difficulties, and/or customer complaints). Similarly, some State defined minimum design 
criteria will not provide the level of service to which most customers are accustomed (e.g. DOH 
requires 30 psi minimum pressure during PHD, but most customers will not be happy with less than 
40 psi). 

3.3. Hydraulic Model 
The following describes the assumptions governing the analysis and the hydraulic model’s setup. 
 
• The areas considered for this planning period (see Figure 2) range in elevation from 

approximately 1,100 to 1,500.  Based on the City’s minimum and maximum allowable pressure 
criteria discussed below, the area must be broken into four pressure zones that each span 
approximately 100 vertical feet. The 2002 WSP discusses this in detail. 

• The following nomenclature identifies the City’s present and future pressure zones, see Figure 4: 
o Zone 1: existing main pressure zone that serves most of the City utilizing the water 

treatment plant (WTP), wells, and Icicle Reservoir; assumes highest elevation served 
does not exceed 1,200. 

o Zone 2: existing lower Ski Hill pressure zone that draws water from Zone 1 via 
existing Ski Hill booster station #1 and pumps to existing Ski Hill Reservoir #1; 
assumes highest elevation served does not exceed 1,300. 

o Zone 3: future mid Ski Hill pressure zone that will draw water from Zone 2 via future 
Ski Hill Booster Station #2 and pump to future Ski Hill Reservoir #2; assumes 
highest elevation served does not exceed 1,400. 

o Zone 4: future upper Ski Hill pressure zone that will draw water from either Zone 2 
or Zone 3 via future Ski Hill Booster Station #3 and will operate as a closed system 
(no reservoir); assumes this zone serves all connections above elevation 1,400. 

• Based on the figures developed in Section 2.3, the demands included in Table 3-1 were 
calculated for the City’s existing and future pressure zones for use in the hydraulic model. Design 
of specific distribution mains may be affected by developer proposed and City approved demands 
that differ from those used herein for system hydraulic modeling of major facilities. 

Table 3-1 Ultimate System Demands 
Note: zone demands do not include demands of booster 
stations that pump water to a higher zone. 

Pressure Zone ERUs ADD (1) 

(gpm) 
MDD (2) 

(gpm) 
PHD (3) 

(gpm) 
Zone 1 6,232 1,428 3,071 5,042 
Zone 2 923 212 455 856 
Zone 3 545 125 269 559 
Zone 4 152 35 75 205 

Total 7,852 1,799 3,869 6,661 
(1) Based on an assumed average use of 330 gpd/ERU per Section 2.4.2 
(2) Based on an assumed ADD to MDD peaking factor of 2.15 per discussions with Stan Adams 
(3) Based on DOH Water System Design Manual Equation 5-3 for estimating peak demands 
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• Time Frames 

o The 2002 WSP conducted analyses for the present (2002), 6-year (2008), and 20-year 
(2022).  This analysis does not repeat the analyses of the 2002 WSP.  The City plans 
to update its WSP in 2008 and will conduct present, 6-year, and 20-year analyses at 
that time. 

o For the purposes of longer-term planning this analysis considers the ultimate growth 
potential (build-out potential) of the City’s urban growth area (UGA) and several 
areas that will likely become part of the UGA (see Figure 1). 

o It is uncertain when the City will reach ultimate/build-out growth potential; the 
planning horizon is estimated at approximately 40-50 years. 

• The hydraulic model utilizes WaterCAD version 7.0 by Haestad Methods as the analysis engine 
• Individual node demands within the hydraulic model were set based on zoning and development 

potential provided by the City, spatial distribution of nodes, and tributary area surrounding each 
node 

• The following Hazen-Williams pipe roughness coefficients were used: 
o Cast Iron: 120 
o Ductile Iron: 120 
o Steel: 100 

• Model Calibration 
o The City has maintained an active hydraulic model since its 1991 WSP; the City 

calibrated the 1991 model extensively. 
o Additional calibration was done based on hydrant flow tests conducted by Chelan 

County Fire District during the months of June-August in the years 1996-2000. 
o The model used in this analysis carries forward the physical characteristics of the 

previous models and was updated to reflect improvement projects constructed by the 
City since the 2002 WSP. 

o No additional calibration has been conducted since the 2002 WSP. 
• Sources of Supply 

o This analysis assumes that future source capacity will be approximately equal to the 
system MDD (per evaluation criteria discussed previous) 

o Ultimate System MDD = 3,869 gpm = 5.6 MGD 
o This analysis assumes that the water treatment plant (WTP) will supply 3.1 MGD and 

the wells will supply 2.5 MGD. 
o Note: the existing WTP has capacity of 2.0 MGD and the existing wells have 

capacity of 2.9 MGD. Current Qi uninterruptible surface water rights are 1.95 MGD, 
total Qi interruptible surface water rights are 2.06 MGD. Current Qi uninterruptible 
ground water rights are 1.44 MGD, total Qi interruptible ground water rights are 
2.88 MGD. 

o If the WTP is abandoned and water supply provided entirely through groundwater 
sources at the existing well site, this could effect peripheral and downtown 
transmission main sizing. If the supply source location changes from the assumptions 
described herin, than this Master Plan should be reviewed and revised as necessary. 

o This analysis assumes the City will upgrade supply facilities and acquire water rights 
incrementally with growth to assure supply capacity remains greater than or equal to 
the system MDD 

o The City may explore the feasibility of developing an additional groundwater source 
in the north Ski Hill area. Unless such a source exceeded a capacity of roughly 500 
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gpm this source would not likely effect the main sizes shown in this plan because fire 
flow is the main determinant in main sizing and fire flow would be provided by 
storage in any case. If a Ski Hill groundwater source is ultimately developed, than 
this Master Plan should be reviewed and revised as necessary.  

• Booster Station Capacities 
o This analysis assumes the existing Ski Hill booster station #1 will have sufficient 

capacity to supply the MDD of Zones 2, 3, and 4 (this will exceed current capacity) 
Capacity = 455 gpm + 269 gpm + 75 gpm = 799 gpm 

o This analysis assumes the future Ski Hill booster station #2 will have sufficient 
capacity to supply the MDD of Zone 3 and the PHD of Zone 4 
Capacity = 269 gpm + 75 gpm = 344 gpm 

o This analysis assumes the future Ski Hill booster station #3 will have sufficient 
capacity to supply the PHD of Zone 4 at 40 psi minimum pressure and the MDD + 
fire flow rate for Zone 4 at 20 psi minimum pressure (not simultaneous) 

• Storage Availability / Pressure Reducing Valves (PRV) 
o The existing Ski Hill booster station #1 has a PRV that makes the Zone 2 storage 

available to Zone 1 in the event of an emergency 
o This analysis assumes the City will install two additional PRVs to provide additional 

access to Zone 2 storage by Zone 1 (one on Titus Rd and one for the Cottage Creek 
development on the Chumstick Highway) 

o This analysis assumes the PRVs between Zone 2 and Zone 1 can/will be set to 
maintain a hydraulic grade line (HGL) of approximately 1,270 (roughly 30 psi at the 
pressure zone boundary – elev. 1,200) 

o When the City constructs Zone 3, the City may construct PRVs to make the Zone 3 
storage available to Zone 2. This analysis neglects the future installation of PRVs 
(except those mentioned between Zone 2 and Zone 1) 

3.4. Analysis and Methodology 
This analysis systematically determined upgrades necessary for the City’s system to serve projected 
ultimate/build-out water demand. The analysis required preliminary layout of future pressure zones 
to serve the Ski Hill / Titus Rd area north of Pine St. The following outlines the procedure used to 
form the water main layout and pressure zone concept for Zones 2, 3, and 4: 
 
• A conceptual distribution main network was laid out along existing roadways and potential future 

roads with the assistance of a parcel map provided by Chelan County 
• Whenever possible, mains were looped to provide the best possible flow characteristics and grid; 

some dead-end mains are necessary 
• Pressure Zone boundaries were designated based on the 1,200, 1,300, and 1,400 contours 

described previously 
• Demands were distributed by pressure zone and the mains were sized to meet 40 psi minimum 

pressure during PHD and 20 psi residual pressure during fire flow 
• See Figure 3 for existing system and Figure 4 for future main sizing and layout 
 
The City’s water treatment plant (WTP) and wells are both located on Icicle Rd.  The WTP and wells 
are located approximately 4.2 and 0.8 miles from the Icicle reservoir respectively. This analysis 
evaluated the existing transmission capacity from these two sources along Icicle Rd and East 
Leavenworth Rd to the main City grid. As mentioned previously, the City criteria allow a maximum 
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pressure fluctuation of 20 psi; this governs the sizing of these mains to meet future supply 
requirements. 
 
The following table summarizes system hydraulic performance as measured by system pressure 
under static, max day demand, and peak hour demand conditions for existing and future conditions. 

Table 3-2 Summary of System Pressures 
Note: portions of this table were excerpted from the City’s 2002 WSP. Fields with N/A were not calculated in the 2002 WSP and 
were not recalculated for this analysis 

 
2002 

without 
Improvements 

2022 
without 

Improvements 

Ultimate 
with 

Improvements 

Zone General Area Static 
(psi) 

Max 
Day 
(psi) 

Peak 
Hour 
(psi) 

Max 
Day 
(psi) 

Peak 
Hour 
(psi) 

Max 
Day 
(psi) 

Peak 
Hour 
(psi) 

Zone 1 NW residential (Pine Rd.) 55-60 50-55 35-40 30-35 <20 55-60 40-50 
Zone 1 W residential (Mine/West) 60-65 55-60 45-50 30-40 <20 55-60 50-60 
Zone 1 W residential (Mt. View/Park) (1) 40-45 35-40 25-30 20-25 <20 70-90 80-95 
Zone 1 High school 70-75 60-65 45-50 40-45 <20 65-70 55-60 
Zone 1 Downtown 75-80 70-75 55-60 50-55 <20 65-75 55-70 
Zone 1 Cottage Creek (along Chumstick Hwy) 65-75 N/A N/A N/A N/A 65-70 55-60 
Zone 1 Safeway (Hwy 2 East of River) 65-70 60-65 45-50 40-45 <20 55-60 45-50 
Zone 1 Dye Rd./Hill St./Mountain Home Rd. 80-85 60-65 40-45 35-40 <20 75-80 65-70 
Zone 1 East Leavenworth Rd & Dye Rd 80-85 75-80 60-65 55-60 <20 70-75 65-70 
Zone 1 East Leavenworth Rd & Dempsey Rd (2) 85-90 90-95 85-90 95-100 35-40 85-90 80-85 
Zone 1 Icicle Rd/Hwy 2 65-70 65-70 60-65 55-60 40-45 60-65 70-75 
Zone 1 Icicle Rd at wells (2) 80-85 90-95 95-100 >100 95-100 80-85 70-75 
Zone 1 Icicle Rd & Wilson St (2) 75-80 90-95 90-95 >100 80-85 85-90 80-85 
Zone 2 Zone 2 (Ski Hill Lower) 45-95 N/A N/A N/A N/A 50-95 50-100 
Zone 2 Ranger Rd & Ski Hill Dr 75-85 N/A N/A N/A N/A 80-85 80-85 
Zone 2 Emig Dr (midway) 50-60 N/A N/A N/A N/A 60-65 55-60 
Zone 2 Emig Dr & Titus Rd 70-80 N/A N/A N/A N/A 75-80 75-80 
Zone 3 Zone 3 (Ski Hill Mid) 45-95 N/A N/A N/A N/A 35-100 35-100 
Zone 3 Titus Rd & Ski Hill Dr (Ski Hill Res #1) 30-35 N/A N/A N/A N/A 30-35 30-35 
Zone 4 Zone 4 (Ski Hill Upper) 40-95 N/A N/A N/A N/A 40-90 40-90 

(1) This area currently served by Zone 1; in future it should be connected to Zone 2 to meet service pressure criteria 
(2) Pressures at these locations vary with the number of wells on line, the amount of water the WTP is producing and whether or 

not water is being pumped from the WTP. Pressures for all possible combinations are not shown. 
 
Available fire flow was modeled throughout the system. The following table summarizes available 
fire flow as predicted by the hydraulic model. Fire flow was modeled under max day demand 
background conditions, with reservoir levels at the bottom of fire suppression storage while 
maintaining 20 psi residual pressure throughout the distribution system. See Appendix B for table of 
boundary conditions. 
 
Note the fire flow criteria established in Section 3.2 and reflected in Table 3-3, is intended for water 
system planning purposes, not requirements which may be applicable to a specific existing or 
proposed building. Thus a particular proposed building may receive credits from the local fire 
authority which result in fire flow requirements that are less than the water system planning criteria 
adopted in Section 3.2. Similarly, an existing building may require greater fire flow than established 
in Section 3.2. Neither of these conditions replaces the criteria established herein for system planning 
and design.  
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Table 3-3 Summary of Available Fire Flow 
Note: portions of this table were excerpted from the City’s 2002 WSP. Fields with N/A were not calculated in the 2002 WSP and 
were not recalculated for this analysis 

Zone General Area 
Fire 
Flow 

Criteria 
(gpm) 

2002 
without 

Imprvmnts 
 (gpm) 

2022 
without 

Imprvmnts 
 (gpm) 

Ultimate 
with 

Imprvmnts 
 (gpm) 

Meets 
Criteria 

With 
Impr. 

Zone 1 NW residential (Pine Rd.) 1,500 1000-1300 200-300 >4,000 Yes 
Zone 1 W residential (Mine/West) 1,500 1000-1200 300-400 3,500-4,000 Yes 
Zone 1 W res. & multi-fam (Mt. View/Park) (1) 2,500 N/A N/A 2,500-2,800 Yes 
Zone 1 High school 2,500 1200-1400 300-400 >4,000 Yes 
Zone 1 Downtown 3,500 1000-1500 300-400 >4,000 Yes 
Zone 1 Cottage Creek (along Chumstick Hwy) 2,500 N/A N/A >4,000 Yes 
Zone 1 Safeway (Hwy 2 East of River) 2,500 900-1000 300-400 2,500-2,800 Yes 
Zone 1 Dye Rd./Hill St./Mountain Home Rd. 2,500 200-400 0-200 3,600-3,900 Yes 
Zone 1 East Leavenworth Rd & Dye Rd 1,500 1300-1400 300-400 >4,000 Yes 
Zone 1 East Leavenworth Rd & Dempsey Rd 1,500 1500-2000 500-600 >4,000 Yes 
Zone 1 Icicle Rd/Hwy 2 2,500 >4000 1400-1500 >4,000 Yes 
Zone 1 Icicle Rd. at wells 1,500 >4000 2500-2700 >4,000 Yes 
Zone 1 Icicle Rd./Wilson St. 1,500 >3000 1700-1800 >4,000 Yes 
Zone 2 Zone 2 (Ski Hill Lower) 2,500 N/A N/A 1,900-4,000 Yes 
Zone 2 Ranger Rd & Ski Hill Dr 1,500 N/A N/A 2,800-3,000 Yes 
Zone 2 Emig Dr (midway) 1,500 N/A N/A 2,400-2,600 Yes 
Zone 2 Emig Dr & Titus Rd 2,500 N/A N/A 2,400-2,600 Yes 
Zone 3 Zone 3 (Ski Hill Mid) 1,500 N/A N/A 1,600-4,000 Yes 
Zone 3 Titus Rd & Ski Hill Dr (Ski Hill Res #1) 1,500 N/A N/A >4,000 Yes 
Zone 4 Zone 4 (Ski Hill Upper) 1,500 N/A N/A 1,500-2,000 Yes 

(1) This area currently served by Zone 1; in future it should be connected to Zone 2 to meet service pressure criteria 
 
The fire flows predicted in the 2002 WSP are below recommended levels at several locations 
throughout the distribution system as indicated in the preceding table. At present, downtown area 
available fire flows average approximately half the recommended value and will continue to decrease 
as the system grows unless the City makes transmission improvements. A similar condition exists in 
the multi-family area in the west part of the system (Mt. View Dr/Park Ave) with present day levels 
at less than half of criteria. 

3.5. Distribution System Findings 

3.5.1. Summary 
General 
According to the system operator and the findings of the 2002 WSP, the system experiences 
satisfactory service pressure and pressure variations under average present day demand conditions; 
likewise, service pressures and pressure variations are generally within acceptable limits during 
present MDD and PHD (see preceding table). The existing system has numerous areas that do not 
meet fire flow criteria (see preceding table); these deficiencies will increase if system growth 
continues to occur without major transmission improvements. Likewise, system service pressures 
will continue to steadily decrease (eventually to less than the State required minimum of 30 psi) with 
system growth unless the City implements transmission main improvements. 
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Supply Transmission 
The Leavenworth distribution system lacks a backbone trunk water main of adequate size to convey 
sufficient water through and/or around the distribution system for delivery to smaller diameter local 
distribution mains and to the future growth areas on the north side of the system. The system 
presently relies on smaller diameter mains to convey water through the grid. These mains act as both 
local distribution mains and as small transmission mains. A properly sized trunk main will provide 
uninhibited transmission through and/or around the perimeter of the distribution system to smaller 
diameter mains for local distribution and service. A trunk main will also provide the backbone for 
fire protection, reduce fluctuations in pressure throughout the system, and provide the ability to serve 
the future growth areas to the north. 
 
The key limitation in terms of supply transmission hydraulics is the 12” rough, old steel main 
between the wells and the City. With the WTP and the wells both operating, the combined flow 
exceeds the capacity of the 12” main in Icicle and the 10” main in East Leavenworth Rd. which is 
itself a long, relatively small diameter (10”) main. The resulting high velocities cause a large amount 
of head loss, and elevated pressures along Icicle Rd, East Leavenworth Rd, and surrounding areas. 
When both well pumps are on, water must be pumped from the WTP rather than gravity flowing as is 
normally the case. The 12” main in Icicle and 10” main in East Leavenworth Rd do not provide 
adequate transmission capacity to run all of the City’s sources of supply simultaneously. 
 
Due to the fact that the wells and Icicle reservoir are located relatively close to the central part of the 
City on Icicle Rd., the E. Leavenworth Rd. main is and will be a secondary transmission route 
carrying a smaller portion of the water from WTP than does the Icicle Rd. main. For this reason, its 
relatively small size (10”) does not present a significant problem although when, at some future point 
it is replaced due to age, it should be upsized. If the City wishes to consider a site for additional 
storage in the vicinity of East Leavenworth Rd and Dye Rd, then the 10” main will need to be 
replaced with something significantly larger. 
 
Old River Crossing 
The City suspects the old 10” steel main that crosses the Wenatchee River from East Leavenworth 
Road to the vicinity of Division St. may be leaking. The Master Plan improvements developed herein 
assume that this river crossing will be abandoned. However, if this crossing is abandoned before the 
water main improvements on front St. and Commercial St. are implemented, the areas south and east 
of the intersection of SR2 and East Leavenworth Rd. would experience a 20-40%decrease in fire 
flows. The river crossing main plays a relatively minor role in meeting system peak hour demands 
(PHD). Therefore, the main upgrades east of Division St. as shown in this Plan should be 
implemented rather than invest in replacement of the river crossing pipeline when and if it fails or is 
determined to be leaking excessively. 
 
Pressure Zones 
As discussed in the analysis assumptions, Zone 1 water service will be limited to areas below 
elevation 1,200. At present, the City serves several connections above elevation 1,200 from Zone 1 in 
the Mountain View Dr area. These services should eventually be connected to Zone 2. The pressure 
zone boundaries of elevation 1,200, 1,300, and 1,400 for Zones 2, 3, and 4 respectively from the 
2002 WSP will ensure all connections meet the City’s minimum pressure criteria. 
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Summary 
In summary, the existing transmission and distribution system generally has adequate capacity to 
meet existing demands (in terms of providing adequate pressures, not in terms of fire flow) but does 
not have the ability to maintain adequate pressures at projected demands. The system lacks the 
overall transmission capacity (from sources of supply and within the grid) to meet projected demands 
at the minimum criteria defined herein (see Section 3.2). 

3.5.2. Condition of Distribution System 
Aside from the pipe size and capacity issues discussed previous, the principle concerns with the 
existing pipe system relate to the age and condition of the pipe. The City installed the steel 
transmission main on East Leavenworth Rd. in the 1930’s. City personnel report that this main is 
heavily encrusted on the inside and that pinhole leaks occur periodically (although the frequency of 
leaks has reduced since installation of the polyphosphate system). Neglecting capacity concerns, the 
City may need to consider replacement of this main due to excessive maintenance requirements; the 
older the main gets, the more it will leak (the City replaced a portion of this main from Hwy 2 to Dye 
Rd with a 12” DI main as part of a recent County road project). The Icicle Rd transmission main is 
newer than the 10” steel main in East Leavenworth Rd. The City does not expect the Icicle Rd 
transmission main to present an unmanageable maintenance problem in the near future. Capacity 
issues discussed previously will most likely govern replacement of the 12” portions in Icicle Rd. 
 
The area south of the City in the Icicle valley is presently served by numerous individual privately 
owned service lines tapped directly to the Icicle and East Leavenworth Rd. transmission mains. In 
some cases water service has been extended to additional residences by connection to the end of an 
existing service pipe. Service pipe size, material and installation quality varies widely in this area. 
The City’s only control is at shut-offs (where available) at the transmission main, and at meter boxes. 
In many cases long runs of privately owned service pipe exist between the transmission main and a 
City meter. Hydrants connected directly to the transmission main provide the only fire protection to 
these areas; in many cases customers that are served through lengthy services will not receive fire 
protection due to the distance of the house from a fire hydrant.  
 
In the Duncan Orchards area east of the City (at the northerly end of East Leavenworth Rd.), the 
existing water distribution system consists of a combination of developer installed PVC pipe of 
varying sizes and individual service extensions. The City owns none of these pipes. This area has few 
fire hydrants. 
 
During the meter installation project completed in 1990, corrosion and encrustation of old iron 
services was evident but did not appear excessive. In no case did the internal encrustation cause the 
line to be unserviceable. The majority of the older service lines were a “seamed” galvanized iron 
pipe. If leaks occurred on service lines that were disturbed, it usually occurred along the pipe seam. 
 
The system has an adequate number of valves in most areas; however, the transmission mains on 
Icicle Rd and East Leavenworth Rd have excessive distance between valves. Fire hydrants generally 
have inadequate valves, with perhaps 20% of the hydrants having no shut-off on the hydrant lead. In 
the early 1990s, City crews encountered a wood stave hydrant lead, indicating that others may exist 
in the system. 
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Fire hydrant coverage is excellent within the City limits. The service area south of the City has very 
sparse fire hydrant coverage. The City only installed hydrants in this area when requested and paid 
for by the local customers; the lack of transmission capacity and distribution mains limit the fire flow 
that could be withdrawn from hydrants on East Leavenworth Rd. 
 
From the 2002 WSP, the difference between total water production and metered sales puts 
unaccounted for water in the range of approximately 15% or about 100 gpm on average. The City 
attributed the unaccounted for water to a combination of the following: meter inaccuracies, leakage, 
water used but not recorded for flushing/hydrant testing/street washing, unauthorized un-metered 
uses, backwashing at the WTP and reservoir overflows. The City believes actual system leakage to 
be less than the 15% indicated by production records and metered sales. During the upcoming 2008 
WSP update the City will need to provide volume estimates of un-metered uses to reduce 
unaccounted for water to less than 10%. If unaccounted for water exceeds 10%, DOH will require the 
City to implement a plan to reduce it to less than 10%. 

3.6. Distribution System Improvements and Schedule 
As the City begins to implement the improvements identified herein, more detailed evaluations and 
cost estimates should be prepared during pre-design of specific projects. In some cases DOH may 
require a Project Report per WAC 246-290-110 to address project specifics for DOH review and 
approval; projects such as reservoirs and booster stations will most likely require a Project Report. 
 
The schematic layout of improvements used for this analysis (shown on Figure 4) illustrates the 
minimum looping and transmission required within the system to meet the minimum criteria defined 
in Section 3.2. In some cases, actual layout and pipe alignments can vary from those shown on the 
Figure 4 schematic; however, variation from the schematic must satisfy the looping and total 
transmission capacity intended by the Figure 4 schematic. 

3.6.1. Distribution System Improvements 
Refer to Figure 4 for schematic of improvements detailed herein. 
1. Supply Transmission 

a) Icicle Rd 
 Replace 5,800 LF of existing 12” main with 16” from East Leavenworth Rd 

to the connection with the 24” well transmission main 
b) Icicle Rd 

 Replace 3,400 LF of existing 12” main with 18” from connection with the 
24” well transmission main to the Icicle reservoir 

 Replace 2,000 LF of existing 12” main with 20” from Icicle reservoir to 
Commercial St & Mill St 

c) East Leavenworth Rd 
 Replace 16,400 LF of existing 10” main with 12” (or 16” if future storage to 

be constructed near Dye Rd) from Icicle Rd to Dye Rd. 
2. Downtown Transmission 

o Commercial St 
 Replace 1,400 LF from Mill St to 3rd St with 18” 
 Replace 1,600 LF from 3rd St to 8th St with 16” or 18” 
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o Complete parallel 12” loops in Commercial St & Front St – approximately 4,700 LF 
of new/replacement main 

3. Zone 1 Transmission to Ski Hill Dr. Booster Station 
o Replace approximately 3,300 LF of main from future downtown transmission main to 

Ski Hill booster station #1 at Ski Hill Dr & Pine St. 
o Finish Pine St loop, install 1,400 LF of 12” main from Central Ave to Burke Ave 

4. Pressure Zones (present and future) 
o Zone 2 

 Upgrade Ski Hill booster station #1 to approximately 800 gpm capacity 
 12” main needed from Ski Hill Dr to Titus Rd in order to provide fire 

protection to multi-family development 
 When Mountain View Dr area is eventually connected to Zone 2 a 14” main 

is required part way and 12” the rest of the way in order to provide fire 
protection to multi-family development 

 In general, 8” looped mains are sufficient to provide service to customers 
within Zone 2 (except in the areas discussed above). 

o Zone 3 
 Construct Ski Hill Booster Station #2 with approximate capacity of 350 gpm 
 Construct Ski Hill Reservoir #2 at approximate HGL of 1,520 
 In general, 8” looped mains are sufficient to provide service to customers 

within Zone 3 (no multi-family fire flow provided in Zone 3) 
o Zone 4 

 Construct Ski Hill Booster Station #4 with approximate capacity of 200 gpm 
for normal supply and 1,600 gpm fire pump supply 

 In general, 8” looped mains are sufficient to provide service to customers 
within Zone 3 (no multi-family fire flow provided in Zone 3) 

5. Pressure Reducing Stations 
o Pressure reducing stations between pressure zones with storage provide added 

redundancy because they make the storage of the upper pressure zones available to 
the preceding zones. Zone 1 relies on Zone 2 storage for fire protection.  Zone 2 will 
not rely on Zone 3 for fire protection; however the City should install PRVs between 
Zones 2 and 3for added system redundancy. 

o Zone 2 / Zone 1 
 Install 8” PRV in Titus Rd at the elevation 1,200 pressure zone boundary and 

set at approximately 30 psi (HGL of 1,270) 
 Install 8” PRV to link Titus Rd to the Chumstick Hwy (in the proposed 

Cottage Creek development) at the elevation 1,200 pressure zone boundary 
and set at approximately 30 psi (HGL of 1,270). See also Titus Rd / 
Chumstick Hwy Intertie below. 

o Zone 3 / Zone 2 
 Install 8” PRV in Ski Hill Dr at the elevation 1,300 pressure zone boundary 

and set at approximately 30 psi (HGL of 1,370) 
 Install 8” PRV in Titus Rd at the elevation 1,300 pressure zone boundary and 

set at approximately 30 psi (HGL of 1,370). See also Titus Rd PRV below. 
6. Titus Rd / Chumstick Hwy Intertie 

o To meet fire flow criteria in the Chumstick Hwy area a PRV is currently needed to 
provide supplemental flows during emergencies 

7. Titus Rd PRV 
o PRV in Titus near the high school to provide fire flow to Zone 1 
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3.6.2. Distribution System Improvements Schedule 
Each item detailed above has a trigger that makes the improvement necessary to meet City criteria; 
the following outlines the various triggers for the improvements which will help the City determine 
phasing of improvements projects: 
 
1. Supply Transmission Improvements 

a) Main upgrades on Icicle Rd from East Leavenworth Rd to well T-main to prevent 
excessive pressures when WTP operates will become necessary when the City 
upgrades the capacity of the water treatment plant (WTP). 

b) Main upgrades from the well T-main to Commercial St & Mill St to allow the City to 
fully utilize existing supply capacity of wells & WTP are needed to address current 
system deficiencies. 

c) Replacement of the deteriorated main in East Leavenworth Rd from Icicle Rd to 
Dye Rd (16” if City sites storage at east end of town, otherwise, 12”) will be needed 
when maintenance issues dictate or if/when the City constructs storage at the east end 
of town. 

2. Downtown Transmission Improvements 
o The system currently requires these transmission improvements to meet fire flow 

criteria in the downtown area and in the Safeway area 
o The system needs these improvements now to address current deficiencies. 

3. Zone 1 Transmission to Ski Hill Dr 
o These improvements stiffen transmission capacity to Ski Hill booster station #1; the 

existing system appears to have adequate capacity for the existing pumps. 
o Once growth in the Zones 2, 3, and 4 require an upgrade of the Ski Hill booster 

station #1 pumps, it will become necessary to upgrade transmission capacity to the 
Ski Hill area. 

o The existing pumps in Ski Hill booster station #1 have approximately 460 gpm (0.66 
MGD) capacity; with an assumed MDD ERU of 710 gpd/ERU it has capacity to 
serve approximately 930 ERUs. 

o Once the population of Zones 2, 3, and 4 exceed approximately 930 ERUs, the 
Zone 1 transmission improvements to Ski Hill Dr will become necessary.  Assuming 
approximately 75 new ERUs in Zones 2, 3, and 4 per year will allow approximately 
12 years of growth. 

4. Pressure Zones 
o These upgrades become necessary as development in the pressure zone begins to 

request water service. 
o Time frames will depend on which areas request water service first. 

5. Pressure Reducing Stations 
o The PRVs between Zone 2 and Zone 1 are needed currently to make Zone 2 storage 

available to Zone 1 for fire suppression. 
o The PRVs between Zone 3 and Zone 2 should be installed as Zone 3 is constructed. 

6. Titus Rd / Chumstick Hwy Intertie 
o The system currently requires this link between Zone 1 and Zone 2 to address an 

existing system deficiency and provide required fire flows to the Cottage Creek 
development. 
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7. Titus Rd PRV 

o This PRV will provide interim fire flow to Zone 1 prior to the Downtown 
Transmission Improvements and the Titus Rd / Chumstick Hwy Intertie 
implementation. 

 
The following table summarizes the required improvements and general description of when they 
will be required (refer to Figure 4 for corresponding schematic map of improvements): 

Table 3-4 Summary of Water Distribution System Improvements and Schedule 
(See Figure 4) 
Improvement 
Designation Category Description & Purpose Schedule 

1-A Supply 
Transmission 

Main upgrades on Icicle Rd from East 
Leavenworth Rd to well T-main to prevent 
excessive pressures when WTP operates 

Necessary if/when the City upgrades the capacity 
of the water treatment plant  

1-B Supply 
Transmission 

Main upgrades from well T-main to Commercial St 
& Mill St to allow the City to fully utilize existing 
supply capacity of wells & WTP 

Needed to address current deficiencies 

1-C Supply 
Transmission 

Replace deteriorated main in East Leavenworth 
Rd from Icicle Rd to Dye Rd (16” if City sites 
storage at east end of town, otherwise, 12”) 

Schedule and size dependent on whether storage 
is planned at east end of town, timing of County 
road projects,  and aging/deterioration of the 
existing 10” steel main 

1-D Supply 
Transmission 

Higher priority section of E. Lvnw. Rd. main 
replacement due to leakage and poor condition  
(approx 1/4 mile) 

Replace failing pipe as soon as practical 

1-E Supply 
Transmission Abandon deteriorated 10” steel main across river When/if it is determined to be leaking 

2 Downtown 
Transmission 

Main upgrades mostly along Commercial St and 
Front St to provide fire flow to downtown and 
transmission to east end of system 

These improvements are needed to address 
current deficiencies 

3 
Zone 1 
Transmission to 
Ski Hill Dr 

Main upgrades from the downtown trunk main to 
the Pine St / Ski Hill Dr area to bolster suction 
pressures at Ski Hill booster station #1 

Needed when the City upgrades the pumps at Ski 
Hill booster station #1 for growth 

4 
PressureZones 
2-4 (present & 
future) 

Schematic layout of mains and looping necessary 
to meet minimum criteria in all pressure zones As development occurs 

5 
Pressure 
Reducing 
Stations 

Pressure reducing valves between zones make 
the storage of upper zones available to lower 
zones 

Needed when the City constructs storage for 
Zone 3 and for interim fire protection before full 
distribution grid is constructed 

6 
Titus Rd / 
Chumstick Hwy 
Intertie 

Pressure reducing station linking Titus Rd 
(Zone 2) and the Chumstick Hwy (Zone 1) to 
provide fire protection along the Chumstick Hwy 
and augment downtown & riverbend fire flows 

These improvements are needed to address 
current deficiencies 

7 Titus Rd PRV PRV in Titus Rd near the high school to provide 
fire flow to Zone 1 

Needed to address current deficiencies (most 
important prior to implementation of items 2 and 6 
above) 

8 Supply 
Transmission 

Replace deteriorated 16” main in Icicle Rd. from 
WTP to East Leavenworth Rd. with 18” main. As necessary due to maintenance issues 

(see Figure 4) Distribution Replace existing 4” mains with 8” mains As necessary due to maintenance issues or as 
development requires. 

 
 



City of Leavenworth, Washington 
Water Distribution System and Sewer Collection System Master Plan 4. Sewer Collection System Analysis  

14-08-01-02 Master Plan 6-10-08 Final.doc 25 VARELA AND ASSOCIATES, INC. 

4. SEWER COLLECTION SYSTEM ANALYSIS 

4.1. History 
The 1996 Wastewater Facility Plan (WWFP) included two Technical Memoranda (TMs) which 
provided a history and evaluation of the existing sanitary sewer collection system and an evaluation 
of the South Interceptor Sewer. These TMs, titled “TMVA-LEAV10 Evaluation of Sanitary sewer 
Collection System” and “TMVA-LEAV 11 South Interceptor Sewer Evaluation” are included in the 
Appendix. This information was reviewed as part of this analysis.  

4.2. Definitions 
The sanitary sewer collection system consists of lateral mains, collector mains, trunk mains and 
interceptor mains.  
 
Lateral Mains: The lateral mains collect wastewater from individual service connections and have 
no contributing mains.  
 
Collector Mains: Collector mains collect wastewater from individual service connections and are 
connected to one or more lateral mains and generally define a drainage basin.  
 
Trunk Mains: Trunk mains have fewer service connections and connect several collector mains 
(drainage basins) to the interceptor main.  
 
Interceptor Mains: Interceptor mains generally have few if any service connections and connect one 
or more trunk mains to the wastewater treatment plant (WWTP). 

4.3. Condition of Facilities and Operational Problem Areas 

4.3.1. General 
As recommended in the 1996 WWFP the sewer collection system pipes were cleaned and video 
inspected, the manholes were inspected and portions of the collection system were smoke tested. 
This work was performed in 2000. The information collected during this work was documented in 
the 2001 “Summary Report and Rehabilitation Prioritization Plan”. A copy of this report is included 
in the Appendix.  
 
The majority of the collection system was constructed using vitrified clay pipe, 3 foot section 
concrete pipe and transite (asbestos cement - ac) pipe. The remaining pipe is newer PVC with PVC 
being required by the City for new collection system piping. The primary deficiency in the existing 
pipe is root intrusion. Several pipe reaches have previously been recommended for replacement, 
including the entire South Interceptor.  
 
The projected ultimate growth criteria assumed for this analysis relates to an approximate 40-50 year 
planning period. It is assumed that the majority of the existing concrete, clay and transite pipe will 
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have deteriorated to the point of requiring rehabilitation or replacement within this planning period, 
unrelated to capacity issues. 
 
A maintenance program is recommended to include annual flushing of mains and a cleaning, root 
removal and internal TV inspection program every 5 years or as determined to optimize system 
condition, monitoring and maintenance/replacement. Based on the results of these inspections a 
rehabilitation/replacement program can be implemented and budgeted. Implementing a 
rehabilitation/replacement program is an important step in maintaining adequate system function 
preventing , system failures and to facilitate financial planning. 

4.3.2. Trunk Line 1 
Subsequent to the 2000 collection system inspection, the pipe from MH 12-C to MH 17-C is reported 
to have settled and have 1” – 2” of gravel in the bottom. This section of the trunk line will require 
annual cleaning and inspection and eventual replacement/rehabilitation. Timing of replacement 
should be determined based on comparing estimated replacement/rehabilitation costs versus 
continued maintenance costs.  

4.3.3. South Interceptor 
The South Interceptor was identified in the WWFP and the 2001 “Summary Report and 
Rehabilitation Prioritization Plan” as having operational and maintenance problems. The pipe 
reaches from MH C4 to MH C6a have been recently identified as having more severe operational and 
maintenance problems needing more immediate attention and should be included in the CIP and 
budgeted for replacement. 

4.4. Flow Basins and Growth Areas 
The planning area comprises 11 separate drainage basins, Basin A through Basin I, collecting the 
wastewater within the City Limits. There are 14 identified future growth areas, Area 1 through Area 
14, located generally north of the City Limits to the UGA and beyond to Titus Rd.  
 
The collection system consists of a number of lateral and collector sewers, trunk mains and one 
interceptor main. Three sewer mains enter the WWTP, the South Interceptor which carries the flows 
from Basin C, D, E, F, G, I, and AA, Trunk Line 2 which carries flow from Basin A, B, and BB, and 
Trunk Line 5 which carries flow from Basin H. These basins, growth areas and trunk mains are 
shown in attached Figure 5. 

4.5. Analysis and Methodology 
Design flows are based on the following design criteria: 
 

o Projected ultimate ERUs as determined in Section 2.3 
o Average Daily Flow established in Section 2.3 
o Peaking factor based on the 10 State Standards equation (18 + √P) ÷ (4 + √P), see table in 

Appendix 
o I/I estimated flow as determined in Section 2.3 (not peaked) 
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The hydraulic analysis of the trunk mains and interceptor mains was performed by comparing the 
calculated design flow (Qd) for each reach and against the design capacity (Qc) of each reach. The 
Qd was determined by adding the accumulated average daily flow of each contributing sub-basin, 
peaking the accumulated average daily flow per the Peaking Factor table (see Appendix), and adding 
estimated I/I. The Qc of each reach was determined using Mannings Equation [Q=(1.486/n)AR2/3 
S1/2] where: 

 
o Q = flow in cfs 
o N = coefficient of roughness (use 0.013) 
o A = flow area (ft2), assuming pipe full so flow area will equal pipe section area (maximum 

gravity flow is achieved at 80-85% of full flow, assuming full flow creates a 15-20% safety 
factor) 

o R = hydraulic radius (ft), assuming ipe full R=A/P where A = area and P = wetted perimeter 
(always pipe dia. x .25 when pipe full) 

o S = pipe slope (ft/ft) 
 
The lateral mains and collector mains within each sub-basin were not analyzed individually as in no 
case did the flows from any individual sub-basin exceed the flow capacity of an 8” pipe at minimum 
slope.   
 
The analysis was performed to determine the following: 

o Pipe diameter required for lateral mains within identified growth areas 
o Pipe diameter required for collector mains to transport the estimated flows from the identified 

growth areas to existing trunk lines 
o Analyze existing trunk main and interceptor main capacities  
o Locate connections of future collector mains to the existing collection system to optimize 

existing collection system capacities 
o Identify capacity deficiencies within the existing collection system 
o Analyze corrective options 
o Recommend improvements to provide needed capacity for projected ultimate growth  

4.6. Collection System Findings 
The hydraulic analysis of the trunk mains and interceptor main determined the following (see Figure 
6): 
 
South Interceptor: Portions of the South Interceptor do not have the available capacity to accept 
additional flow from the identified growth areas or estimated ultimate flows within it existing 
drainage basin. It will be necessary to increase the capacity of portions of the South Interceptor. The 
recommended drainage basin, routing of specific growth areas and specific reaches requiring 
replacement are shown on Figure 6 along with recommended pipe size. 
 
Trunk Line 1: Portions of Trunk Line 1 do not have the available capacity to accept additional flow 
from the identified growth areas or estimated ultimate flows within it existing drainage basin. It will 
be necessary to increase the capacity of portions of this Trunk Line. The recommended drainage 
basin, routing of specific growth areas and specific reaches requiring replacement are shown on 
Figure 6 along with recommended pipe size. 
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Trunk Line 2: Trunk Line 2 has available excess capacity and can accept additional flow from the 
identified growth areas. The recommended drainage basin and routing of specific growth areas 
including recommended improvements are shown on Figure 6.  
 
Trunk Line 3: Trunk Line 3 has available excess capacity. Due the location of Trunk Line 3 there is 
limited potential to use the available capacity. The recommended drainage basin and routing of 
specific growth areas are shown on Figure 6.  
 
Trunk Line 4: Portions of Trunk Line 4 do not have the capacity available to route all the identified 
growth areas into this main. It will be necessary to limit the areas routed into Trunk Line 4. Even 
when limiting the growth area boundary it will be necessary to reroute this trunk line to Trunk Line 3 
and avoid capacity limiting reaches of this trunk line. The recommended drainage basin boundary, 
routing of specific growth areas and recommended improvements are shown on Figure 6.  
 
Trunk Line 5: Trunk Line 5 has available excess capacity to accept the projected ultimate flows 
from Basin H.  
 
Trunk Line 6: Portions of Trunk Line 6 do not have the available capacity to carry the projected 
ultimate demands from Basin G, I and AA. It will be necessary to increase the capacity of portions of 
this Trunk Line. The recommended drainage basin boundary, routing of specific growth areas and 
specific reaches requiring replacement are shown on Figure 6 along with recommended pipe size.  
 
Trunk Line 7: Trunk Line 7 is a new trunk line. Due to existing topography in Area 9 and Area 10 
along with the capacity issues related to Trunk Line 4, it will be necessary to construct a new trunk 
line to serve this area. There are three alternatives available to service this area.  
 
Alternative A: Extend Gravity Service (no lift station) 
This alternative requires the replacement of existing pipe from MH A4 to MH A7 at flatter slopes, 
constructing a 10” main at minimum slopes along Chumstick Hwy to the midway point of Area 9, 
and constructing an 8” main at minimum slopes to Area 4. This option results in sewer depths of 20’-
25’ in places and 4’-6’ in other locations.  
 
Alternative B: Extend Gravity Service and construct Lift Station 
This alternative requires the replacement of existing pipe from MH A4 to MH A7 at flatter slopes, 
constructing a 10” main at minimum slopes along Chumstick Hwy to the midway point of Area 9, 
installing a lift station and constructing an 8” gravity main extending to Area 4. This option results in 
sewer depths of 18’-22’ in places and 4’-6’ in other locations and requires the construction of a sewer 
lift station. 
 
Alternative C: Construct Lift Station and Force Main 
This alternative requires no replacement of existing pipe. A larger lift station is constructed near the 
intersection of Chumstick Hwy and North Rd. 8” Gravity mains (10” mains may be necessary 
depending on available pipe slope) are extended north and south of the lift station as necessary for 
local service. A force main is constructed from the lift station to the 10” main at MH A6. This option 
results in a shorter, smaller diameter sewer main at much shallower depths. A larger lift station is 
required to serve the ultimate projected population from this basin. The force main and lift station 
would need to be sized such as to accommodate the smaller, near term flows while being capable of 
being upgraded to accommodate the larger long term flows.  
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These alternatives are shown on Exhibit A (next page).  
 
Alternative B is recommended due to the reduced sewer depths required (as compared with 
Alternative A) and to decrease the size of the lift station (as compared with Alternative C). If it 
becomes cost prohibitive to implement this alternative the other alternatives should be reconsidered.  
 
The recommended drainage basin boundary, routing of specific growth areas and recommended 
improvements are shown on Figure 6. 

4.7. Recommended Improvements and Schedule 
This document plans for ultimate growth as projected to occur over the next 40-50 years. The 
majority of the existing collection system is currently old and has maintenance issues, as identified in 
earlier reports reprinted in the Appendix. It is assumed that much of the existing system will be 
replaced or rehabilitated within the planning period of this analysis. It is recommended that the pipe 
reaches noted as needing increased capacity are replaced and upsized when this rehabilitation or 
replacement occurs. If this does not happen within the next 15 to 20 years it will be necessary to 
monitor flows in order to determine when the flows are approaching the capacity of the existing 
pipelines and replacement becomes necessary.  
 
In the identified growth areas it is expected that new pipe will be installed by developers as this 
growth occurs. Pipe diameters recommended in this report for these areas will accommodate the 
projected ultimate growth.  
 
To direct the flow from the growth areas into the appropriate existing trunk lines it is recommended 
that improvements noted at Ski Hill Dr. and Birch St. (rerouting flow from south on Ski Hill Dr. to 
east on Birch St.) are implemented when the sewer main is extended north on Ski Hill Dr. to service 
identified growth Areas 1, 5 and 10.  
 
The improvements noted at Pine St. and Titus Rd. (rerouting flow from east on Pine St. to South on 
Titus Rd.) should be implemented as soon as practical. 
 
Trunk Line 7 will need to be constructed as soon as practical as growth cannot occur in this drainage 
basin until sewer service is provided. It is assumed that developers will be required to construct this 
main. Depending on the costs and complexities involved with implementing the recommended 
improvements and the volume of the initial growth, it may be necessary to reevaluate the available 
alternatives for serving this area.  
 
A summary of the recommended improvements and schedule is shown in Table 4-1. 
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Table 4-1 Summary of Sanitary Sewer Collection System Improvements and Schedule 
(See Figure 6) 
Improvement 
Designation Category Description & Purpose Schedule 

1 
Increase 
existing 
capacity 

Replace existing South Interceptor Sewer from 
MH C12 to MH A1 with 18” pipe (reconstruct at 
constant grade to correct isolated grade 
deficiencies) and MH A1 to MH H2 with 21” pipe. 

Replace as needed to correct operation and 
maintenance deficiencies, also monitor flow and 
replace as pipe nears capacity.  

1-A Operation and 
Maintenance 

Replace existing South Interceptor Sewer from  
MH C4 to MH C6a with 18” pipe (reconstruct at 
constant grade to correct isolated grade 
deficiencies) 

As soon as practical due to operational problems 

2 
Increase 
existing 
capacity 

Replace existing Trunk Line 1 from MH E7-C to 
MH E8-C. 

Replace as needed to correct operation and 
maintenance deficiencies, also monitor flow and 
replace as pipe nears capacity. 

3 
Increase 
existing 
capacity 

Install new MH to north of MH E15-C to intercept 
flow from the north, rerouting flow to Trunk Line 2. 
Install new 12” pipe to MH B12. Plug north invert 
of MH E15-C. 

Needed when collection system pipe is extended 
north of Pine St. on Ski Hill Dr. 

4 
Increase 
existing 
capacity 

Abandon pipe between MH B18 and MH B19. 
Install new 10” Pipe between MH B22 and MH 
B19, reroute flow to Trunk Line 3.  

Needed when collection system pipes are 
extended north of Emig Dr. and west of Titus Rd. 

5 
Increase 
existing 
capacity 

Replace portions of Trunk Line 6 with 10” pipe.  
Replace as needed to correct operation and 
maintenance deficiencies, also monitor flow and 
replace as pipe nears capacity. 

6 Extend service 
to new area 

Replace existing mains from MH A4 to MH A7 
(size as noted) at minimum slopes to increase 
depth. Install new 10” pipe from MH A7 to Area 9 
along Chumstick Hwy.  

As development occurs (see Exhibit A for 
alternatives) 

7 Extend service 
to new area 

Construct Lift Station with force main to 10” pipe 
at Area 9. Install new 8” pipe from Lift Station to 
Area 4. 

As development occurs (see Exhibit A for 
alternatives) 

8 Operation and 
Maintenance 

Install 8” gravity mains to area. Abandon existing 
lift station and connect residents to new gravity 
pipe. 

As needed to correct future operation and 
maintenance deficiencies or replacement needs 
related to existing lift station. 

9 Extend service 
to new area Construct Lift Station and install 8” and 10” pipe As development occurs 
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Appendix A 
Projected Ultimate Water ERUs and Demands 











 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Appendix B 
Hydraulic Output Files and Node Map 



















































































 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Appendix C 
Projected Ultimate Wastewater ERUs and Basin flows 

















 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Appendix D 
1996 Wastewater Facility Plan TMVA-Leav10 

“Evaluation of Sanitary Sewer Collection System” 























































 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Appendix E 
1996 Wastewater Facility Plan TMVA-Leav11 

“South Interceptor Sewer Evaluation” 







 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Appendix F 
2001 Sanitary Sewer Collection System Cleaning, Inspection and Testing 

“Summary Report and Rehabilitation Prioritization Plan” 



















































 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Appendix G 
City Code defining zoning classifications (excerpts) 
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