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Appendix A 

 

Water Facilities Inventory Form 

  



RETURN TO:  Central Services - WFI, PO Box 47822, Olympia, WA, 98504-7822

ONE FORM PER SYSTEM

WATER FACILITIES INVENTORY (WFI) FORM Quarter: 
Updated: 

Printed: 

1
03/23/2018
10/11/2019

WFI Printed For: 
Submission Reason: 

On-Demand

Source Update

  1.  SYSTEM ID NO.  2.  SYSTEM NAME  3.  COUNTY 4.  GROUP 5.  TYPE
43500 Y  LACEY WATER DEPARTMENT  THURSTON A Comm

  6. PRIMARY CONTACT NAME & MAILING ADDRESS   7. OWNER NAME & MAILING ADDRESS  8. OWNER NUMBER:  003131

PETER C. BROOKS [MANAGER]
420 COLLEGE ST SE
LACEY, WA 98503-1238

LACEY, CITY OF
TERRY R. CARGIL 
420 COLLEGE ST SE
LACEY, WA 98503-1272

MANAGER

 STREET ADDRESS IF DIFFERENT FROM ABOVE  STREET ADDRESS IF DIFFERENT FROM ABOVE
 ATTN  ATTN
 ADDRESS  ADDRESS
 CITY                   STATE                ZIP  CITY                   STATE              ZIP 

 9. 24 HOUR PRIMARY CONTACT INFORMATION 10. OWNER CONTACT INFORMATION
Primary Contact Daytime Phone: (360) 438-2675 Owner Daytime Phone: (360) 413-4395
Primary Contact Mobile/Cell Phone: (360) 878-0303 Owner Mobile/Cell Phone:  
Primary Contact Evening Phone: (xxx)-xxx-xxxx Owner Evening Phone: (xxx)-xxx-xxxx
Fax:  (360) 456-7799 E-mail:  xxxxxxxxxxxxxxxxxxxx Fax:  (360) 456-0813 E-mail:  xxxxxxxxxxxxxxxxxxxx

11. SATELLITE MANAGEMENT AGENCY - SMA (check only one)
Not applicable (Skip to #12)
Owned and Managed SMA NAME: SMA Number: 
Managed Only
Owned Only

12. WATER SYSTEM CHARACTERISTICS (mark all that apply)
Agricultural Hospital/Clinic Residential
Commercial / Business Industrial School
Day Care Licensed Residential Facility Temporary Farm Worker
Food Service/Food Permit Lodging Other (church, fire station, etc.):
1,000 or more person event for 2 or more days per year Recreational / RV Park ______________________________________________

13. WATER SYSTEM OWNERSHIP (mark only one) 14.  STORAGE CAPACITY (gallons)
Association County Investor Special District
City / Town Federal Private State 12,847,000

- SEE NEXT PAGE FOR A COMPLETE LIST OF SOURCES -
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WATER FACILITIES INVENTORY (WFI) FORM - Continued

 LACEY WATER DEPARTMENT CommA  THURSTON43500 Y

5.  TYPE4.  GROUP 3.  COUNTY 1.  SYSTEM ID NO.  2.  SYSTEM NAME

15 16
SOURCE NAME

17
INTERTIE

18
SOURCE CATEGORY

19
USE

20 21
TREATMENT

22
DEPTH

23 24
SOURCE LOCATION

S
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rce N
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LIST UTILITY'S NAME FOR SOURCE
AND WELL TAG ID NUMBER.

Example:  WELL #1 XYZ456

IF SOURCE IS PURCHASED OR 
INTERTIED,

LIST SELLER'S NAME
Example:  SEATTLE

INTERTIE 
SYSTEM 
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S01   College & 32nd AAA936 X X Y X 100 300 NW SW 28 18N 01W

S02   College & 32nd AAB878 WW X X Y 194 500 NW SW 28 18N 01W

S03   College & 32nd AAA935 WW X X Y 187 230 NW SW 28 18N 01W

S04   Golf Club Estates AAA932 X X Y X X 66 775 SW NW 04 17N 01W

S05   InAct 02/01/1988 Stanfield & 35th X X  100 0 NW SE 27 18N 01W

S06   Judd Hill AAA940 X X Y X 190 250 SE SW 21 18N 01W

S07   Fire Station AAA930 X X Y X X 428 1800 SE NW 21 18N 01W

S08   InAct 12/13/1990 Tanglewilde East X X  300 520 SW NW 12 18N 01W

S09   Little Prairie AAB880 X X Y X 224 700 SW SW 33 18N 01W

S10   Mt Greens AAB881 X X Y X 177 1000 SE SW 33 18N 01W

S11   InAct 02/01/1988 Panorama X X  82 0 NW SE 20 18N 01W

S13   InAct 01/01/1990 Meridian Acres #1 X X  242 250 SE SE 12 18N 01W

S14   InAct 11/20/2006 Meridian Acres #2 A X X Y 272 250 SE SE 12 18N 01W

S15   Beachcrest #1 AAA941 WW X X Y 115 200 SE SW 25 19N 01W

S16   Beachcrest AAA942 WW X X Y 113 220 SE SW 25 19N 01W

S17   WF (S015 & 16) Beachcrest X X Y X 113 515 SE SW 25 19N 01W

S18   WF(S02 & 3)College & 32nd X X Y X 187 800 NW SW 28 18N 01W

S19   Hawks Prairie Well #1 AAB877 X X Y 585 600 NW SW 35 19N 01W

S20   McAllister AAY302 X X Y X 180 600 NE SW 24 18N 01W

S21   Madrona 1 ABY233 WW X X Y 263 1600 NW NW 24 18N 01W

S22   Madrona 2 ACR769 WW X X Y 265 1600 NW NW 24 18N 01W

S23   WF (S21 & 22) Madrona X X Y X 263 3200 NE NW 24 18N 01W

S24   Lacey Nisq S01 Well #19A AAA938 X X Y X 98 80 NW SW 09 18N 01E

S25   Lacey Nisq SO2 Well #19C AAA937 X X Y X 58 220 NW SW 09 18N 01E

S26   InAct 12/03/2007 495681/Capital City X X Y 100 350 SW NE 04 17N 01W

S27   Evergreen Est Well #24  AGP478 X X Y X 256 750 NE NW 25 18N 01W

S28   Madrona 3 AEC883 X X Y X 259 1600 NW NW 24 18N 01W

S29   Betti AEC941 X X Y X 297 1000 NW SW 02 18N 01W

S30   63450/Olympia, City of(Pacific Ave) 63450 6 X Y 1400 NW NE 20 18N 01W

S31   Hawks Prairie Well #2 BAM406 24" X X Y 495 800 NW SW 35 19N 01W

S32   Hawks Prairie WF (S19, S31) CL Req. X X Y X X 495 1600 NW SW 35 19N 01W
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WATER FACILITIES INVENTORY (WFI) FORM - Continued
 1.  SYSTEM ID NO.  2.  SYSTEM NAME  3.  COUNTY 4.  GROUP 5.  TYPE

43500 Y  LACEY WATER DEPARTMENT  THURSTON A Comm

ACTIVE 
SERVICE 

CONNECTIONS

DOH USE ONLY!
CALCULATED 

ACTIVE  
CONNECTIONS

DOH USE ONLY!
APPROVED 

CONNECTIONS

 25.  SINGLE FAMILY RESIDENCES (How many of the following do you have?) 29599 Unspecified

 A.  Full Time Single Family Residences (Occupied 180 days or more per year) 23331

 B.  Part Time Single Family Residences (Occupied less than 180 days per year) 0

26.  MULTI-FAMILY RESIDENTIAL BUILDINGS (How many of the following do you have?)

 A.  Apartment Buildings, condos, duplexes, barracks, dorms 908

 B.  Full Time Residential Units in the Apartments, Condos, Duplexes, Dorms that are occupied more than 180 days/year 6268

 C.  Part Time Residential Units in the Apartments, Condos, Duplexes, Dorms that are occupied less than 180 days/year 0

 27.  NON-RESIDENTIAL CONNECTIONS (How many of the following do you have?)

A. Recreational Services and/or Transient Accommodations (Campsites, RV sites, hotel/motel/overnight units) 0 0

B.  Institutional, Commercial/Business, School, Day Care, Industrial Services, etc. 940 940

28.  TOTAL SERVICE CONNECTIONS 30539

29.  FULL-TIME RESIDENTIAL POPULATION

A.  How many residents are served by this system 180 or more days per year? 70638

 30.  PART-TIME RESIDENTIAL POPULATION JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC

 A.  How many part-time residents are present each month?

 B.  How many days per month are they present?

 31.  TEMPORARY & TRANSIENT USERS JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC

 A.  How many total visitors, attendees, travelers, campers, patients 
or customers have access to the water system each month? 760 760 760 760 760 1200 1200 1200 760 760 760 1200

 B.  How many days per month is water accessible to the public? 31 28 31 30 31 30 31 31 30 31 30 31

 32.  REGULAR NON-RESIDENTIAL USERS JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC

 A.  If you have schools, daycares, or businesses connected to your 
water system, how many students daycare children and/or 
employees are present each month?

5500 5500 5500 5500 5500 4620 4620 4620 5500 5500 5500 5500

B.  How many days per month are they present? 31 28 31 30 31 30 31 31 30 31 30 31

33.  ROUTINE COLIFORM SCHEDULE  JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC

* Requirement is exception from WAC 246-290                     80 80 80 80 80 80 80 80 80 80 80 80

 34.  NITRATE SCHEDULE QUARTERLY ANNUALLY ONCE EVERY 3 YEARS

 (One Sample per source by time period)

 35.  Reason for Submitting WFI:

OtherNew System  Inactivate   Update - No Change    Update - Change   Re-Activate  

36.  I certify that the information stated on this WFI form is correct to the best of my knowledge.

SIGNATURE:    DATE:

PRINT NAME:    TITLE:

Name Change
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WS ID WS Name

LACEY WATER DEPARTMENT43500

Total WFI Printed: 1
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DOH Copy

To:

To:
To:

To:
To:

WFI Printed For:
Source Use:

Source Type:
Water System Expanding Services:

Full-Time Population From:

On-Demand

 ALL
ALL

ALL
ALL
ALL

Approved Connection Count From: ALLALL
Active Connection Count From:

SMA Name:
SMA Number:

Owner Number:
Water System Update Date From:

Water Status Date From:
Water System Status:
Water System Is New:

Permit Renewal Quarter:
Type:

Group:
Region:
County:

Water System Name:
Print Copies For:

Print Data on Distribution Page:
Water System Id(s):

ALLALL
ALL
ALL
ALL

ALLALL
ALL
ALL
ALL
ALL
ALL
ALL
-- Any --
ALL

ALL
43500
10/11/2019Report Create Date:

Water Facilities Inventory (WFI)

ALL ALL
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Appendix B 

 

DOH Water System Plan Checklist and 

Submittal Form 

  



 

Department of Health, Office of Drinking Water 

Southwest Drinking Water Operations 

Pre-Plan meeting 
 

Water System: Lacey Water Department, ID #43500 

Date: October 26, 2017   

Water System Plan Expiration Date: May 30, 2019  

Operating Permit Color: Green  

Water System Plan Submittal Date:   2018 

 

Attendees: Peter Brooks, Scott Egger, Teri O’Neal, Brandon McAllister, Julie Rector, Terry 

Cargil, Kay Rottell, Mark Mazeski  

 

The purpose of this Pre-Plan is to: 

 

1. Determine the scope and level of detail of the WSP update. 

2. Establish a schedule for submittal of the WSP update.  

 

Water System Plan Format: 

The following sections refer to information that needs to be included in the WSP and provides a 

proposed outline. You may choose a different format, but all of the elements identified below 

must be included.   

 

   Water System Plan (WSP) Checklist 

 √ Required  Content Description  WSP Page # 

Chapter 1  Description of Water System  
       ( √ ) 

      ( √ ) 

Updated WFI, signed and dated 

Ownership and management  

Appendix A 

Section 1.6 

       ( √ ) System history and background Section 2.2.1 

       ( √ ) Inventory of existing facilities, including Sources, Distribution, Storage, Pump 

Stations, PRVs and Treatment. The inventory should also be shown in map form. 

Section 2.4,  

Fig 2-7 

       ( √ ) Description of and discussion about related plans: CWSP, groundwater management 

plan, WRIA and City/County land use plans & zoning.  

Section 1.3   

       ( √ ) Service Area Maps: This is often missing from first submissions, but is a very 

important element of a WSP.  These maps or map should clearly show the service 

area, including the retail service area, future service area – this should be as shown 

in the County’s Coordinated Water System Plan, and water rights place of use.  

These can be depicted on one map if properly labeled. 

• Please see Publication DOH 331-432 

Section 2 figures, 

particularly Figure 2-

7  

       ( √ ) Policies:  Service area, SMA, conditions of service, annexation  

• Please see Publication DOH 331-438 

Section 3.2  

       ( √ ) Duty to serve requirement:  procedures, conditions, appeals 

• Please see Publication DOH 331-366 

Section 3.2 

       ( √ ) Consistency from local planning agency (LGC statement) Please have this reviewed 

and signed by the City and County Planning Departments. 

LGC form is at: http://www.doh.wa.gov/Portals/1/Documents/Pubs/331-568.docx 
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Chapter 2  Planning Data   

       ( √ ) • Demand analysis based on water use   

• Include analysis of population, service connections & ERUs  

• Source and service meter data (preferably three or more, typically 6 

years). Provide monthly and annual production and consumption totals. 

• Provide usage by customer class. Analyze industrial and commercial 

demands separate from the residential demand and multifamily structures 

separate from the single family residences. 

• Define ERU  

• Provide data and assumptions (including DSL) for calculating MDD, PHD 

and ADD 

• Demand analysis per pressure zone and the whole system  

• Consider also water supplied to other systems 

• Since >1000 connections, also include seasonal variations in consumption 

by customer class 

Chapter 4 

Section 4.3 & 4.4 

Table 4-1 & 4-2 

 

Table 4-6,  

Figure 4-6 

 

Section 4.2.5.1 

Section 4.4.2 

 

Section 4.4.5 

N/A 

 

Figure 4-3 & 4-4 

       ( √ ) 

       

Provide 10 & 20 year projections for population, service connections, & ERUs 

• Provide 10 & 20 year projections for demand forecasts with and without 

expected efficiency savings (conservation) 

Pop. – Section 4.3.1 

Conns – Section 4.4.3 

ERUs – Section 4.4.4 

Demand – Sec. 4.4.5 

       ( √ ) Interties – discussion of all existing and proposed interties and copies of agreements Section 2.3.1, App. E 

       ( √ ) Provide 10 & 20 year projections for land use and zoning Section 4.3 

       ( √ ) Distribution System Leakage percentage and volume expressed in ERUs Section 4.2.6 

   Chapter 3  System Analysis  

       ( √ ) Provide assumptions and basis of analysis 

• System design standards 

• Policies on operations and expected level of service (such as standby 

storage, pumping restrictions and emergency back-up power) 

• Fire flow requirements and if nesting is allowed. Provide confirmation 

from the local fire authority on Fire flow requirements. 

 

Section 3.6 

Section 3.3 

 

Section 3.4 

       ( √ ) System inventory and description Section 2.4 

       ( √ ) 

       

       

       

Capacity analysis (legal and physical capacity) 

• Limiting factor analysis (WSDM worksheet 6-1) 

Please see Publication DOH 331-123 

• Include the results of the limiting factor analysis in a table format 

• Show source, pumping, water rights, treatment, storage, and distribution 

capacities 

• Analysis per pressure zone and the whole system 

• Water rights analysis- include water right self-assessment form for 

existing, 10 & 20-year projections, including copies of water right 

certificate(s)   

• http://www.doh.wa.gov/Portals/1/Documents/Pubs/331-372-F.docx 

The above link takes you to the self-assessment form 

 

Section 8.8.6 

 

Table 8-20 

 

Sections 6.2, 6.8, 8.5, 

8.6, and 8.7 

 

Sections 6.2, 6.3, & 

6.4 

 

Self- Assess: App. J 

       ( √ )    Hydraulic analysis of distribution system. 

• Describe the model used  

• Evaluate the system based on PHD and MDD + Fire flow 

• Evaluate the current conditions, and 10- and 20-year planning periods 

• Check minimum pressures and maximum velocities 

• Include assumptions of model, pressure zone boundary conditions, and a 

summary of model input information. Storage assumptions should be 

based on minimum reservoir levels.  

• Include verification and calibration methods and results.  

 

Section 8.1 

Section 8.7 

Section 8.7 

Section 8.7 

 

Sections 8.5 – 8.7 

 

Section 8.7, App. G 

& App. S 

        • Summary of system deficiencies Section 8.7.2 
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       ( √ ) Analysis of possible improvement projects 

 

 

 

Section 8.7.3 

   Chapter 4  Water Use Efficiency Program  

       ( √ ) Water Use Efficiency (WUE) Program per WAC 246-290-810 

• Describe the current WUE program  

• Describe WUE goal & document public adoption process 

Please see Publication DOH 331-402 

• Describe measures that will be implemented to achieve the goal & 

include schedule & costs in the budget 

• Describe process used to evaluate the WUE measures you did not 

implement 

• Describe yearly consumer education  

• Estimate projected water savings from selected measures  

• Describe process that will be used to determine effectiveness of the 

program  

≥ 1000 Connections 

• Estimate water saved from efficiency measures over the past 6 years 

• Quantitative evaluation of measures to determine if they are cost-

effective, include marginal costs of water production 

• Evaluate measures for cost-effectiveness if shared with other systems 

• Quantitative or qualitative evaluation of measures to determine if they 

are cost-effective from the societal perspective 

 

Section 5.4 & 5.5 

Section 5.3 

 

Section 5.6 

 

Section 5.4 & 5.6 

 

Section 5.5.1 

Table 5-2 

Section 5.7 

 

Section 4.2 

Table 5-2 

 

N/A 

Section 5.4.1 

       ( √ ) Source & Service Meters - or schedule for installation w/activities to minimize 

leakage 

Ten percent of all service meters should be replaced annually to maintain 10 year 

life span. 

Section 10.6.2.3 and 

10.6.2.4 

       ( √ ) Water Loss Action Control Plan WAC 246-290-820 

This is required if DSL is greater than 10% 
N/A 

       ( √ ) Water supply characteristics, description & discussion on effect of water use  Chapter 6  

 

 

      ( √ ) Source of supply analysis and evaluation of supply alternatives Section 6.3, 6.4, & 

6.5 

      ( √ ) ≥1,000 connections explore reclaimed water opportunities Section 6.2.3 

   Chapter 5  Source Water Protection   

       ( √  ) Wellhead protection program  

2 year update (contaminant inventory, letters and map) 

Susceptibility assessments to determine how susceptible the source(s) are to 

contamination.  

 Delineation of 6-month, 1-year, 5-year, and 10-year time of travel zones 

that show the land area contributing water (and potential contamination) to 

the source.  

 Inventory of potential contaminant sites (names and addresses), which must 

be updated every two years. If septic systems drainfields are utilized, these 

are potential sources of contaminants. 

 Documentation of notification letters to:  

 Owners and operators of potential contaminant sites (septic systems) 

 Regulatory agencies  

 Local emergency responders  

Contingency plan that makes provisions in case of a drinking water emergency. 

Chapter 7 & App. P 

 

App. Q 

 

App. Q 

 

 

App. Q 

 

 

App. Q 

 

 

App. R 

       ( √ ) Analysis and discussion of Water Quality Section 6.6 

        

   Chapter 6  Operation and Maintenance Program  

       ( √ ) Water system management and personnel Section 10.2 

       ( √ ) Operator certification 

Please list the operators’ name, certification numbers and expiration dates. 

Section 10.3 
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      ( √ ) Routine operating procedures and preventive maintenance 

• Standard Operating Procedures (SOP Manual-Surface Water Treatment 

Plant) 

Section 10.4, 10.5 & 

10.6 

      ( √ ) Water quality sampling procedures & program 

See new WQMS information at: 
https://fortress.wa.gov/doh/eh/portal/odw/si/Intro.aspx 

Sections 10.8, 6.6, & 

App. N 

      ( √ ) Coliform monitoring plan, including maps (and triggered source monitoring plan) 

The Revised Total Coliform Rule (RTCR) went into effect on April 1, 2016.  Please 

update the Coliform Monitoring Plan (CMP) consistent with RTCR.  Please visit our 

website at: 

http://www.doh.wa.gov/CommunityandEnvironment/DrinkingWater/Contaminants/

Coliform/RevisedTotalColiformRuleRTCR 

 

Section 10.8 &  

App. K 

      ( √ ) Emergency response plan 

• We have a fill in the blank template at: 

http://www.doh.wa.gov/Portals/1/Documents/Pubs/331-211.pdf 

• Water system contacts 

• Vendor Contacts (Equipment replacement, water haulers, etc.)  

• Example notices (water outages, BWA, coliform MCL, emergency 

conservation) 

• Emergency government officials contact info  for Office of Drinking 

Water (ODW - please list 360-236-3030 for Regional Engineer), County 

Health Dept., State and County Emergency Operations Centers 

• List of emergency sources and interties 

• Emergency response planning activities to ensure preparedness 

Section 10.9 &  

App. R 

      ( √ ) Water shortage response plan and service reliability (See WAC 246-290-420) Section 10.9.5 & 

App. I 

      ( √ ) Cross-connection control program (See WAC 246-290-490) 

• Provide status of implementing Cross Connection Control Program.  

• Provide copy of CCC ordinance/resolution. 

• Provide for shutting off water if appropriate back flow devices are not 

installed, maintained and tested? In the alternative to shutting off water, 

provide authority for City to install BFPs and bill landowner for 

instillation?  

• Provide an inventory of service connections where you rely upon 

backflow preventers to protect the public water system, type of backflow 

protection, the assessed degree of hazard, and history of annual testing for 

each assembly 

• Include your Annual Summary Report 

• Provide a summary of the evaluation of existing service connections for 

degree of potential hazard to the water system 

Section 10.11 &  

App. T 

      ( √ ) Recordkeeping, reporting, and customer complaint program Section 10.12 

      ( √ ) Summary of O&M deficiencies Section 10.15 

   Chapter 7  Distribution Facilities Design and Construction Standards  

       ( √ ) Standard construction specification for distribution mains  Section 3.6 

Chapter 8  Capital Improvement Program  

       ( √ )  Capital improvement schedule for 10 and 20 years  

• Include inventory and assessment of existing system components 
Chapter 9 

Chapter 9  Financial Program  

       ( √ ) Financial program, including demonstration of financial viability by providing: 

i. A summary of past income and expenses; (This should include past 2 to 3 

years data at a minimum) 

ii. A 10-year balanced operational budget; 

iii. A plan for collecting the revenue necessary to maintain cash flow 

stability and to fund the capital improvement program and emergency 

improvements; Existing and future loan payments need to be included in 

Chapter 11 
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the budget.  For example, if part of the CIP will be paid by loan, those 

payments should be included in budget.  List the current water rate. 

iv. An evaluation that has considered: 

A. The affordability of water rates; and 

B. The feasibility of adopting and implementing a rate structure that 

encourages water demand efficiency. 

Analysis of connection fees should include costs of additional infrastructure 

required to serve those additional connections and buy-in to the existing 

infrastructure costs. 

Chapter 10  Miscellaneous Documents  

        ( √ ) The WSP review requires 3 actions; adoption by the City Council, a meeting of the 

consumers, and a WUE public forum.  The WSP must to be approved by the City 

Council before the WSP can be approved by DOH. 

Water System plan must be presented at a meeting of the consumers. 

Water Use Efficiency requires that the WUE Goal setting must be addressed at a 

public forum, after proper Public Notice. 

• The WUE Goal setting public forum may be combined with the meeting 

of the consumers and public hearing for WSP adoption.  However, the 

WUE Goal setting forum must include a WUE public notice.  

• The WUE public forum must be published and the notice must specifically 

state that the Water Use Efficiency Goal will be discussed. 

• Please provide copy of minutes showing the WUE Goal setting was 

addressed at the public forum. 

• The City may post WUE public notice on DOH website in order to meet 

public forum notice requirements for WUE program.  Please see WUE 

Public Forum Posting Form at the following link: 

http://www.doh.wa.gov/CommunityandEnvironment/DrinkingWater/Water

SystemDesignandPlanning/WaterUseEfficiency.aspx 

• Please provide the notice and minutes from the hearing for WSP adoption 

and the meeting of the consumers. 

 

  

( √ ) County/Adjacent Utility Correspondence (provide a copy of WSP to adjacent water 

utilities and local governments with jurisdiction or provide notice with link to WSP 

on website) 

  

( √ ) Since ≥1000 connections - State Environmental Policy Act (SEPA) Determination 

is required since the water system has more than 1,000 connections.  Provide copy 

of the SEPA Environmental Checklist, SEPA Determination and the notice in 

paper and on the Ecology SEPA Registry. 

  

( √ ) Agreements: franchise, wheeling, mutual aid, inter-local and other agreements (if 

any exist) 

  

( √ ) Satellite Management Program – See additional Checklist for SMAs   

   

 

 

Submittal Process 

 

Here are some items the Office of Drinking Water (ODW) must have with your submittal: 

 

 

1. A complete Water System Plan Submittal Form, current Water Facilities Inventory Form 

(WFI)  signed and dated along with existing, 10 and 20 year Water Rights Self-

Assessment Forms. 

2. Three (3) copies of the WSP are required – two for ODW use and one to be routed to the 

Department of Ecology (Ecology). 



Pre-Plan Meeting 
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• Three-ring binders are preferable to comb binders as it allows for page revisions 

to be added in the draft. 

• Tabbed chapters are preferred for ease of review.  

3. ODW will complete the WSP review within 90-days from the date of complete submittal. 

• ODW will conduct a detailed review and if necessary, issue a comment letter. 

• If the system is not responsive to our comments, the project can be cancelled and 

returned to the purveyor. 

 

 

  



 

 

 

 

 

Appendix C 

 

Adopting Resolutions and Comment Letters 

<TO FOLLOW> 

  



 

 

 

 

 

Appendix D 

 

SEPA Checklist and DNS 

<TO FOLLOW> 

  



 

 

 

 

 

Appendix E 

 

Olympia and Meadows  

Emergency Intertie Agreements 
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AGREEMENT
Water Supply Agreement Between the Cities of Lacey and Olympia

For the Use of Emergency Water System Intertie

THIS AGREEMENT is made and entered into this ö day of JtXø,p- ,

2OI8 by and between the City of Lacey, a municipal corporation of the State of
Washington, hereinafter referred to as "Lacey," and the City of Olympia, a municipal
corporation of the State of Washington, hereinafter referred to as "Olympia",
collectively hereinafter referred to as the "parties".

WHEREAS, the Parties recognize that water resources are finite and vulnerable, and
the prudent use and management of these resources requires cooperation among
water utilities, and

WHEREAS, the purpose of this Agreement between the Parties is to provide for
immediate assistance and coordinated interconnection of the respective potable water
system of each city with the other to maintain levels of service during temporary
periods of water production insufficiency; and

WHEREAS, this Agreement is authorized under Chapter 39.34 RCW, WAC 246-290-
131 and WAC 246-290-132; and

WHEREAS, Olympia provided wholesale water to Lacey until June 30, 2016 under
an Intergovernmental Agreement for the Sale of Water through the intertie covered
by the Agreement, and

WHEREAS, the Parties recognize entering into this agreement does not provide a
guarantee of water resource availability, and

WHEREAS, this Agreement is consistent with the North Thursfon County
Coordinated Water System Plan;

NOW, THEREFORE, the parties agree to this Agreement as follows:

I. SPECIFIC CONIDITIONS

Each signatory to this Agreement agrees that for purposes of this Agreement
a water supply emergency is defrned as an emergency resulting from a major
water line break, contamination to the water supply system, mechanical
equipment failure, electrical equipment failure or any other mutually agreed
upon emergency affecting the water supply system.

1



4

2

3

5

6

I

8

9

Olympia agrees in the event that Lacey requests potable water service to
address a water supply emergency as defined in item 1 above to provide potable
water sen¡ice to Lacey if Olympia has the capacity to do so. Neither agency is
obligated under this agreement to provide potable water service to the other in
all circumstances.

'Water may be provided to Lacey following a mutually agreed to water supply
emergency by Olympia whenever water is requested and available, but the
water use will never exceed water rights (unless permitted by law or by the
Department of Ecology), taking into consideration water stored in reservoirs.
Washington Department of Health requirements for minimum water storage
and minimum water line pressures will also be maintained (unless permitted
by law or the Department of Health).

Water use by Lacey under this Agreement shall be limited to up to two million
gallons per day of water during the months of November through June, and up
to one million gallons per day of water during the months of July through
October. Such water supply limitations may be revised by Olympia at its
discretion and do not represent a guarantee to Lacey of water availability.
Thcrc arc no additional watcr conscrvation programs, data collcction, watcr
demand forecasting, and other operational matters required by this
Agreement.

The aforementioned potable water service shall be supplied through an
emergency water system intertie located at Mountain Aire Location A (Exhibit
A). The Parties agree said intertie shall be utilized only in a mutually agreed
to water supply emergency unless converted by mutual agreement to a regular
wholesale service.

Activation of said emergency intertie for water used under this Agreement
shall be coordinated and administered by Olympia's and Lacey's Public Works
Departments. Activation of the emergency intertie may occur only after the
duration of time, the amount of water and any other conditions deemed
appropriate to apply have been mutually agreed to.

No emergency intertie activation shall take place without a representative
from Olympia and Lacey present at the emergency intertie location at the time
of activation.

The purpose of this Agreement is for the benefit of Lacey;therefore, there shall
be a service charge for water service provided.

Starting from the beginning of water service provided to Lacey under this
Agreement, Olympia shall be reimbursed for water used based on the most



recent Olympia wholesale water rates for Lacey in effect at the time of water
use under this Agreement, adjusted annually at the same rate as the published
Seattle Consumer Price Index (CPI). The most recent Olympia wholesale water
rate for the City of Lacey is a fixed monthly charge of $16,852.32 plus volume
charges of $O.ZZ0 per ccf (hundred cubic feet), prorated for the actual amount
of time water is used, provided that a weekly fixed charge, plus volume, will
serve as the minimum charge for water used under this Agreement. The
wholesale water rate will be re-evaluated by December 31, 2020.

10. Lacey shall, to the extent feasible, implement conservation measures that
restrict non-emergency water consumption to levels that will not impinge on
water service levels necessary to protect health and safety, and to meet the
reasonable expectations of the customers of Olympia.

11 Olympia shall retain the right to deny or withdra\M some or all of its resources
at any time should assistance to Lacey impinge on the protection of property
and life in Olympia, as determined by Olympia.

II. INTERLOCAL ELEMENTS:

1. Duration. This agreement shall be "on-going" until terminated by the parties
as provided by paragraph 6 ofthis section.

2. No separate legal entity is created by this agreement.

3. No joint organization whatsoever is created.

4. No common budget is to be established.

5. No personal or real property is to be jointly acquired.

6. This Water Supply Agreement shall be effective immediately upon signature
by both parties and shall remain in effect indefinitely, unless terminated by either:

Unilateral written notice by one party to the other that it intends to
withdraw from this Agreement, in which case the termination will be
effective immediately, unless otherwise specified, or

Written agreement signed by both parties, in which case the termination
shall be effective immediately upon signature by both parties, unless
another termination date mutually agreed to by both parties is specified.

7. The Contract Administrator for Olympia shall be the Olympia Water
Resources Director. The Contract Administrator for Lacey shall be the Lacey Water
Resources Manager,

A

B.



8, This agreement shall be recorded with the Thurston County Auditor's Office
prior to being effective, and in accordance with the requirements of RCW 39.34.040.

9. Each party shall be responsible for its own finances and for its own personal
and real property.

III. GENERAL CONDITIONS

1. All lawsuits whatsoever in regards to this agteement shall be brought in
Thurston County Superior Court. The governing law shall be laws of Washington
State.

2. All notices with regard to this agreement shall be sent in addition to any other
legal requirement to:

Citv of Olympia:

City of Olympia Public Works
Attention: Andy Haub, P.E.,'Water Resources Director
PO Box 1967
Olympia, WA 98507

Cit)' of Lace)¡:

City of Lacey
Attention: Peter C. Brooks, P.E., Water Resources Manager
420 College Street SE
Lacey,WA 98509-3400

CITY OF LACEY CITY OF OLAVIPIA

By: ç"â By
ci(vùÁáàgòr City

ATTEST:

By: C
City Clerk

APPROVED AS TO FORM:

By
City Clerk



By, By:
City ttorney -.Ase¿st.ant{ i ty Att orn ey





























 

 

 

 

 

Appendix F 

 

Detailed Facility Sheets and Well Logs 

  



Judd Hill Reservoir 
 
Facility Information 
 

Description Comments 
Address 2400 Judd St. SE 
Year Constructed 1964 
Type Above Ground Stand Pipe 
Tank Construction Welded Steel 
Capacity (MG) 0.5 
Gallons/Foot 6,791 
Diameter (ft) 34 
Base Elevation (ft) 236.41 
Overflow Elevation (ft) 311 
Shell Height (ft) 75 
Pressure Zone 337 
Roof Single column supported cone roof; 3/4":12" roof slope 
Floor 1/4" plate; crowned 0.33' 
Foundation 42" concrete ring wall 
Anchorage Anchor straps 
Inlet/Outlet Pipe 8" separate inlet/outlet 
Roof Vent 20" Ø 
Roof Access 1 - square access hatch, 24"x24" 
Shell Access 1 - 24" Ø manhole 
Overflow Pipe 4" pipe, day lighted on-site 
Interior Ladder Basic ladder 
Exterior Ladder "Saf-T-Climb" device 
Inlet/Outlet Vault None 
Altitude Valve  6" 210G-17ABCS 
Meter Meter in booster station 
Design Standards Unknown 
Mixing System None 
Minimum Water Level (ft) 10 (booster pump lock-out) 
Dead Storage (MG) 0.07 
  
Notes Tank drains directly to Judd Hill Booster Station.  Altitude valve 

located in S06 well house.  Tank fills from S06 directly, can also 
fill from the distribution system by manual operation.  Max 
operating level has been reduced to 50’ due to seismic stability 
concerns. 

 
 
 
 
 

 
 
 
 
 
 
 

 



Judd Hill Reservoir 

 
 

 



Union Mills Reservoir 
 
Facility Information 
 

Description Comments 
Address 1349 Paradise Ct. SE 
Year Constructed 1969 
Type Above Ground Stand Pipe 
Tank Construction Welded Steel 
Capacity (MG) 2.2 
Gallons/Foot 33,933 
Diameter (ft) 76 
Base Elevation (ft) 271.62 
Overflow Elevation (ft) 337.5 
Shell Height (ft) 56.5 
Pressure Zone 337 
Roof Ellipsoidal, 20' high 
Floor 1/4" plate; crowned 0.5' 
Foundation Concrete ring wall 
Anchorage 1/2" annular floor plate 
Inlet/Outlet Pipe 18" common pipe 
Roof Vent 36" Ø 
Roof Access 1 - square access hatch, 42"x42" 
Shell Access 1 - 36" Ø manhole                  

1 - 24" Ø manhole 
Overflow Pipe 8" exterior pipe 
Interior Ladder Ladder to interior platform 
Exterior Ladder "Saf-T-Climb", cage at upper most 16' 
Inlet/Outlet Vault None 
Altitude Valve  16" 210G-65ABC (in separate valve vault) 
Meter None 
Design Standards Unknown 
Mixing System None 
Minimum Water Level (ft) 39 
Dead Storage (MG) 1.31 
  
Notes HGL Control for the 337 Pressure Zone 

Seismic Upgrades (2019) 
 
 
 
 
 

 
 
 
 
 
 
 
 
 



Union Mills Reservoir   

 
 

 
 



Nisqually Reservoir 
 
Facility Information 
 

Description Comments 
Address 11155 Durgin Rd.SE 
Year Constructed 1977 
Type Above Ground Stand Pipe 
Tank Construction Welded Steel 
Capacity (MG) 0.15 
Gallons/Foot 5,465 
Diameter (ft) 30.5 
Base Elevation (ft) 162.20 
Overflow Elevation (ft) 189 
Shell Height (ft) 28 
Pressure Zone 188 
Roof Single column supported cone roof; 3/4":12" roof slope 
Floor 1/4" plate; crowned 
Foundation Concrete ring wall 
Anchorage N/A 
Inlet/Outlet Pipe 10" common pipe 
Roof Vent 12" 
Roof Access 1 - square access hatch 
Shell Access 1 - 36" Ø manholes 
Overflow Pipe 6" exterior; 4" drain to atmosphere 
Interior Ladder Basic ladder 
Exterior Ladder Ladder with safety climb 
Inlet/Outlet Vault None 
Altitude Valve  None 
Meter None 
Design Standards Unknown 
Mixing System None 
Minimum Water Level (ft) 0 
Dead Storage (MG) 0 
  
Notes HGL Control for the 188 Pressure Zone 

 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 



Nisqually Reservoir   

 
 

 



Steilacoom Reservoir 
 
Facility Information 
 

Description Comments 
Address 8705 Steilacoom Rd. SE 
Year Constructed 1986 
Type Above Ground Stand Pipe 
Tank Construction Welded Steel 
Capacity (MG) 3.0 
Gallons/Foot 41,452 
Diameter (ft) 84 
Base Elevation (ft) 264.85 
Overflow Elevation (ft) 337.5 
Shell Height (ft) 71 
Pressure Zone 337 
Roof Single column supported cone roof; 3/4":12" roof slope;  

30" knuckle 
Floor 1/4" plate; crowned 0.5' 
Foundation 24" ring wall, on 7'-6" spread footing 
Anchorage Welded anchor straps 
Inlet/Outlet Pipe 18" common pipe 
Roof Vent 24" Ø 
Roof Access 1 - square access hatch, 36"x36" 
Shell Access 2 - 36" Ø manholes 
Overflow Pipe 12" pipe to detention pond 
Interior Ladder Basic ladder 
Exterior Ladder "Saf-T-Climb" device 
Inlet/Outlet Vault None 
Altitude Valve  16" 210G (in separate valve vault) 
Meter None 
Design Standards Unknown 
Mixing System None 
Minimum Water Level (ft) 45 
Dead Storage (MG) 1.87 
  
Notes HGL Control for the 337 Pressure Zone 

 
 
 
 
 

 
 
 
 
 
 
 
 

 
 



Steilacoom Reservoir   

 
 

 
 

 



Hawks Prairie Reservoir 
 
Facility Information 
 

Description Comments 
Address 4040 Marvin Rd. NE 
Year Constructed 1995 
Type Above Ground Stand Pipe 
Tank Construction Welded Steel 
Capacity (MG) 4.0 
Gallons/Foot 47,586 
Diameter (ft) 90 
Base Elevation (ft) 294.87 
Overflow Elevation (ft) 380 
Shell Height (ft) 88 
Pressure Zone 400 
Roof Single column supported cone roof; 3/4":12" roof slope 
Floor 1/4" plate; crowned 1.0' 
Foundation 30" ring wall, 6'-0" high on 14' spread footing, 5'-0" thick 
Anchorage 2-1/2" Ø @ 4' o.c. 
Inlet/Outlet Pipe 12" with 90° base elbow in vault 
Roof Vent 30" 
Roof Access 2-rectangular access hatches, 36"x30" 
Shell Access 2 - 36" Ø manholes 
Overflow Pipe 12" Steel, piped to detention pond 
Interior Ladder "Saf-T-Climb" device 
Exterior Ladder Stairway 
Inlet/Outlet Vault 13.75' x 7.0' x 6.5' 
Altitude Valve  12" 210G-09BD 
Meter 10" magnetic 
Design Standards AWWA D100-84 (1996); Seismic Zone 3; 25 psf snow load;  

100 mph wind load-exposure B 
Mixing System Tideflex 
Minimum Water Level (ft) 10 (booster pump lock-out) 
Dead Storage (MG) 0.48 
  
Notes Separate inlet and outlet piping.  Typically drains directly to the 

400 Zone booster station, but can also drain to the distribution 
system via check-valve.  Altitude valve controls fill cycle via 
pressure sustaining feature. 

 
 
 
 
 

 
 
 
 
 
 
 

 



Hawks Prairie Reservoir 

 
 

 



McAllister Reservoir 
 
Facility Information 
 

Description Comments 
Address 9707 Piper Hill Dr. SE 
Year Constructed 1998 
Type Above Ground Stand Pipe 
Tank Construction Welded Steel 
Capacity (MG) 1.2 
Gallons/Foot 11,896 
Diameter (ft) 45 
Base Elevation (ft) 300.26 
Overflow Elevation (ft) 400 
Shell Height (ft) 102 
Pressure Zone 400 
Roof Cone roof; 3/4":12" roof slope 
Floor 1/4" plate; crowned 0.7' 
Foundation Reinforced concrete mat, 66' Ø x 4'-6" thick, 0.7' center crown 
Anchorage 2 1/2" Ø @ 4' o.c. 
Inlet/Outlet Pipe 12" with 90° elbow cast in concrete 
Roof Vent 2'-6" Ø, AWWA type 
Roof Access 2 - rectangular access hatches, 38"x30" 
Shell Access 2 - 36" Ø manholes 
Overflow Pipe 12" with 60° and 45° elbows, piped to storm sewer 
Interior Ladder "Saf-T-Climb" device 
Exterior Ladder Stairway 
Inlet/Outlet Vault None 
Altitude Valve  12" 210G-09BDS (in separate valve vault) 
Meter None 
Design Standards AWWA D100-96; Seismic Zone 3; 25 psf snow load;  

100 mph wind load-exposure B 
Mixing System None 
Minimum Water Level (ft) 56 
Dead Storage (MG) 0.67 
  
Notes HGL Control for the 400 Pressure Zone.  Provides fire-flow and 

standby storage for the 445 Pressure Zone. 
 
 
 
 
 

 
 
 
 
 
 
 
 

 



McAllister Reservoir   

 
 

 



Westside Reservoir 
 
Facility Information 
 

Description Comments 
Address 3140 College St. SE 
Year Constructed 2002 
Type Above Ground Stand Pipe 
Tank Construction Welded Steel 
Capacity (MG) 2.0 
Gallons/Foot 47,586 
Diameter (ft) 90 
Base Elevation (ft) 232.53 
Overflow Elevation (ft) 274.5 
Shell Height (ft) 45 
Pressure Zone 337 
Roof Single column supported cone roof; 3/4":12" roof slope 
Floor 1/4" plate; crowned 0.5' 
Foundation 24" concrete ring wall 
Anchorage 3/8" annular plate 
Inlet/Outlet Pipe 12" with 90° elbow 
Roof Vent 24" Ø, AWWA type 
Roof Access 2 - rectangular access hatches, 36"x30" 
Shell Access 2 - 36" Ø manholes 
Overflow Pipe 12" exterior pipe to detention pond 
Interior Ladder "Saf-T-Climb" device 
Exterior Ladder Stairway 
Inlet/Outlet Vault 16'-0" x 7'-0" x 5'-8" 
Altitude Valve  12" 100G-103 
Meter Inlet – 8” magnetic 

Outlet – 12” magnetic 
Design Standards AWWA D100-96; Seismic Zone 3; 25 psf snow load;  

100 mph wind load-exposure B 
Mixing System None 
Minimum Water Level (ft) 10 (booster pump lock-out) 
Dead Storage (MG) 0.48 
  
Notes Drains directly to the Westside booster station. 

 
 
 
 
 

 
 
 
 
 
 
 
 

 



Westside Reservoir   

 
 

 
 

 



Mountain Aire Booster 
 
Facility Information 
 

Description Pump #1 Pump #2 
Address 8002 Pacific Ave. SE 
Year Constructed 1988 
Pressure Zone 337 
Floor Elevation 204.06 
Source City of Olympia (S30) 
Pump Type In-line Centrifugal 
Pump Manufacturer Paco Paco 
Pump Model 16-50957-140101-1852 VL 16-50957-140101-1852 VL 
Pump Serial # RXB 87A01039A RXB 87A01039B 
Control Valves None None 
Settings None None 
Pressure Relief None 
Motor Manufacturer GE GE 
Motor Model 256-JM 256-JM 
Horsepower (hp) 20 20 
Speed (rpm) 1750 1750 
Shutoff Head (ft) 97 97 
Design Head (ft) 70 70 
Design Flow (gpm) 750 750 
Total Design Flow (gpm) 1500 
Meter 14” magnetic 
  
Notes Pumps directly from City of Olympia transmission main to the 337 

Zone.  Starts controlled by reservoir level. 
 
 
 
 
 

 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 



Mountain Aire Booster   

 
 

 
 

 



Judd Hill Booster 
 
Facility Information 
 

Description Pump #1 
Address 2400 Judd St. SE 
Year Constructed 1993 
Pressure Zone 337 
Floor Elevation 236.37 
Source Judd Hill Reservoir 
Pump Type End suction 
Pump Manufacturer Paco 
Pump Model 10-40127-1A0001-1872 LC 
Pump Serial # STG-92A000923 
Control Valves 6" 92G-02BD 
Settings CRD: 46 psi 
Pressure Relief None 
Motor Manufacturer US Electric 
Motor Model U74TE 
Horsepower (hp) 25 
Speed (rpm) 1765 
Shutoff Head (ft) 112 
Design Head (ft) 58 
Design Flow (gpm) 1200 
Total Design Flow (gpm) 1200 
Meter Mechanical 
  
Notes Pumps directly from the Judd Hill Reservoir to the 337 Zone.  Starts 

controlled by timer or local pressure. 
 
 
 
 
 

 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 



Judd Hill Booster   

 
 

 
 
 



 
 

Skyridge Booster 
 
Facility Information 
 

Description Pump #1 Pump #2 
Address 1223 Ridge St. SE 
Year Constructed 2001 
Pressure Zone 422 
Floor Elevation 235.47 
Source 337 Zone 
Pump Type End suction 
Pump Manufacturer Peerless (Aqua-pac) Peerless (Aqua-pac) 
Pump Model 610-5 (DAP-1-5) 610-5 (DAP-1-5) 
Pump Serial # 562451-A 562451-B 
Control Valves None None 
Settings VFD set-point 80 psi VFD set-point 80 psi 
Pressure Relief None 
Motor Manufacturer US Motor US Motor 
Motor Model 5073A 5073A 
Horsepower (hp) 5 5 
Speed (rpm) 3500 (VFD) 3500 (VFD) 
Shutoff Head (ft) 128 128 
Design Head (ft) 104 104 
Design Flow (gpm) 110 110 
Total Design Flow (gpm) 110 
Meter None 
  
Notes Pumps from the 337 Zone to the 422 Zone for domestic pressure only.  

Starts controlled by local pressure.  Single pump operation only. 
 
 
 
 
 

 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 



 
 

Skyridge Booster   

 
 

 



445 Zone Booster 
 
Facility Information 
 

Description Pump #1 Pump #2 
Address 2040 Huntington Lp. SE 
Year Constructed 2002 
Pressure Zone 445 
Floor Elevation 280.90 
Source 400 Zone 
Pump Type In-line Centrifugal 
Pump Manufacturer Grundfos Grundfos 
Pump Model ME CRE 45-1 ME CRE 45-1 
Pump Serial # N/A N/A 
Control Valves None None 
Settings VFD set-point 70 psi VFD set-point 70 psi 
Pressure Relief None 
Motor Manufacturer N/A N/A 
Motor Model N/A N/A 
Horsepower (hp) 7.5 7.5 
Speed (rpm) 3450 (VFD) 3450 (VFD) 
Shutoff Head (ft) 122 122 
Design Head (ft) 80 80 
Design Flow (gpm) 250 250 
Total Design Flow (gpm) 250 
Meter None 
  
Notes Pumps from the 400 Zone to the 445 Zone for domestic pressure only.  

Starts controlled by local pressure.  
 
 
 
 
 

 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 



445 Zone Booster   

 
 

 
 

 



Westside Booster 
 
Facility Information 
 

Description Pump #1 (Jockey) Pump #2 Pump #3 Pump #4 
Address 3140 College St. SE 
Year Constructed 2002 
Pressure Zone 337 
Floor Elevation 232.58 
Source Westside Reservoir 
Pump Type Horizontal split case 
Pump Manufacturer Peerless Peerless Peerless Peerless 
Pump Model 5AE14N 6AE14G 6AE14G 6AE14G 
Pump Serial # 581441 581440B 581440A 581440C 
Control Valves VFD VFD 10" 692G-

01YBCSDKC 
10" 692G-
01YBCSDKC 

Settings Start: 38 psi 
Target: 41 psi 

Start: 36 psi 
Target: 41 psi 

CRL: 79 psi      
CRD: 54 psi 

CRL: 79 psi      
CRD: 54 psi 

Pressure Relief 6" 52G-03BKC 
CRL: 59 psi 
CRA: 25 psi 

Motor Manufacturer US Electric US Electric US Electric US Electric 
Motor Model 326TS 405TS 405TS 405TS 
Horsepower (hp) 50 100 100 100 
Speed (rpm) 1775 1780 1780 1780 
Shutoff Head (ft) 175 175 175 175 
Design Head (ft) 145 145 145 145 
Design Flow (gpm) 700 1900 1900 1900 
Total Design Flow (gpm) 4500 
Meter Reservoir Outlet: 12” magnetic 

Bypass: 6” magnetic 
  
Notes Pumps directly from the Westside Reservoir to the 337 Zone.  Starts 

controlled local pressure, stops controlled by flow rate. 
 
 
 
 
 

 
 
 
 
 
 
 
 

 
 
 
 
 



Westside Booster   

 
 

 
 
 
 
 

 



400 Zone Booster 
 
Facility Information 
 

Description Pump #1 Pump #2 Pump #3 Pump #4 
Address 4040 Marvin Rd. NE 
Year Constructed 2008 
Pressure Zone 400 
Floor Elevation 296.48 
Source Hawks Prairie Reservoir 
Pump Type Horizontal split case 
Pump Manufacturer Peerless Peerless Peerless Peerless 
Pump Model 6AE11 6AE11 8AE15G 8AE15G 
Pump Serial # 732492A 732492B 726611A 726611B 
Control Valves None None None None 
Settings VFD set-point 

45 psi 
VFD set-point 
45 psi 

VFD set-point 
45 psi 

VFD set-point 
45 psi 

Pressure Relief 6" 50G-01BDKC 
CRL: 56 psi 

Motor Manufacturer GE GE GE GE 
Motor Model 326T 326T 365T 365T 
Horsepower (hp) 50 50 75 75 
Speed (rpm) 1780 (VFD) 1780 (VFD) 1780 (VFD) 1780 (VFD) 
Shutoff Head (ft) 122 122 125 125 
Design Head (ft) 105 105 105 105 
Design Flow (gpm) 850 850 2000 2000 
Total Design Flow (gpm) 3700 
Meter Reservoir Outlet: 10” magnetic 

Bypass: 6” magnetic 
  
Notes Pumps directly from the Hawks Prairie Reservoir to the 400 Zone.  

Starts controlled by local pressure. 
 
 
 
 
 

 
 
 
 
 
 
 
 

 
 
 
 
 
 

 



400 Zone Booster   

 
 

 
 

 



ATEC Water Treatment Facility 
 
Facility Information 
 

Description Comments 
Address 831 Lacey St. SE 
Year On-Line 2002 
Pressure Zone 337 
Floor Elevation 181.80 
Housing Wood 
Source Water S07 
Source Water Quality Elevated Iron and Manganese 
Oxidation Potassium Permanganate injection at Well S07 

Sodium Hypochlorite injection at ATEC facility 
Filter Vessels 14 – ATEC skid mounted vessels 

60” shell height (48” media depth) 
Filter Media 20-40 mesh Pyrolusite (manganese dioxide) 
Treatment Capacity (gpm) 1700 
Chlorine Generator Clortec 24lb/day Sodium Hypochlorite 
Chlorine Feed Pump Aldos KM25367 
Sodium Hypochlorite Storage 500 gal 
Chlorine Concentration 0.8% 
Chlorine Analyzer 2 – Capital Controls Group series 1770 
Backwash Disposal Pumped to Sewer 
Distribution Pumps None 
Pump Type N/A 
Pump Model N/A 
Pump Shaft Diameter (in) N/A 
Column Diameter/Length N/A 
Pump Serial # N/A 
Pump Capacity (gpm) N/A 
Motor Model N/A 
Motor Serial # N/A 
Motor Speed (rpm) N/A 
Horsepower N/A 
Control Valves N/A 
PSV Setting  N/A 
PRV Setting (psi) N/A 
  
Notes  

 
 
 
 
 
 

 
 
 
 
 
 
 



ATEC Water Treatment Facility 

 
 

 



Hawks Prairie Water Treatment Facility 
 
Facility Information 
 

Description Comments 
Address 4040 Marvin Rd. NE 
Year On-Line 2008 
Pressure Zone 400 
Floor Elevation 299.50 
Housing CMU 
Source Water S19 & S31 
Source Water Quality Elevated Iron, Manganese, Ammonia, Sulfide 
Oxidation Aeration 

Sodium Hypochlorite injection 
Filter Vessels 2 – Loprest greensand vessels (144” x 80”) 

 
2 – Loprest activated carbon vessels converted to greensand 
(144” x 90”) 

Filter Media 0.60 – 0.80 mm anthracite 
0.30 – 0.35 mm greensand (manganese dioxide) 

Treatment Capacity (gpm) 2000  
Chlorine Generator US Filter B1-150 OSEC 125lb/day Sodium Hypochlorite 
Chlorine Feed Pump 4 - Premia 75 mega 
Sodium Hypochlorite Storage 3900 gal 
Chlorine Concentration 0.8% 
Chlorine Analyzer 5 – Prominent DMT series 
Backwash Disposal Concrete basin for recycle or discharge to sewer 
Distribution Pumps 2 
Pump Type Turbine 
Pump Model Peerless M12LD – 2 stage 
Pump Shaft Diameter (in) 1.00 
Column Diameter/Length 8” column, 16’ 
Pump Serial # N/A 
Pump Capacity (gpm) 1100 
Motor Model GE L326TP #V3220 
Motor Serial # N/A 
Motor Speed (rpm) 1775 
Horsepower 50 
Control Valves 10” 50G-01BDS 
PSV Setting  70 psi @ 800 gpm 
PRV Setting (psi) None 
  
Notes Chlorine contact basin for Ammonia conversion. 

 
 
 
 
 
 

 
 
 

 



Hawks Prairie Water Treatment Facility 

 
 

 



Westside Chlorine Generation Facility 
 
Facility Information 
 

Description Comments 
Address 3140 College St. SE 
Year On-Line 2007 
Pressure Zone 337 
Floor Elevation 232.20 
Housing CMU 
Chlorine Generator US Filter B1-150 OSEC 180lb/day Sodium Hypochlorite 
Brine Tank Storage 800 gal 
Sodium Hypochlorite Storage 2850 gal 
Chlorine Concentration 0.8% 
Water Softener Kinetico #CC208s 
Brine Pump Encore 700 series, 2” diaphragm, pulley drive 6.0 - 24 gph 
Transfer Pump Finish Thompson #DB11V-T-M219 
Chlorine Analyzer Prominent DC1 series 
Chlorine Feed Pumps 1 – Prominent Sigma/1 #12035 PVT 
  
Notes  

 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Westside Chlorine Generation Facility 

 
 

 



Madrona Chlorine Generation Facility 
 
Facility Information 
 

Description Comments 
Address 8824 Milbanke Dr. SE 
Year On-Line 2007 
Pressure Zone 400 
Floor Elevation 259.00 
Housing CMU 
Chlorine Generator US Filter B1-150 OSEC 180lb/day Sodium Hypochlorite 
Brine Tank Storage 800 gal 
Sodium Hypochlorite Storage 2 - 2500 gal 
Chlorine Concentration 0.8% 
Water Softener Kinetico #CC208s 
Brine Pump Encore 700 series, 2” diaphragm, pulley drive 6.0 - 24 gph 
Transfer Pump Finish Thompson #DB11V-T-M219 
Chlorine Analyzer Prominent DC1 series 
Chlorine Feed Pumps 1 – Prominent Sigma/1 #12035 PVT 

1 – Prominent Sigma/1 #07065 PVT 
  
Notes  

 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Madrona Chlorine Generation Facility 

 
 

 



Well S01 
(College St. Well No. 1) 
 
Facility Information 
 

Description Comments 
Source # S01 
Address 3300 College St. SE 
Year On-Line 1965 
Pressure Zone 337 
Floor Elevation 232.13 
Housing CMU 
Pump Type Turbine 
Pump Model Goulds 10RJMC (6.375” 7-stage) 
Pump Shaft Diameter (in) 1.1875” 
Column Diameter/Length 6" column, 90' 
Pump Serial # MG3465 
Pump Depth (ft) 99 
Pump Capacity (gpm) 665 GPM @ 227 FT TDH 
Motor Model US Electric HR1025460 
Motor Serial # HR1025460 
Motor Speed (rpm) 1800 
Horsepower 50 
Casing Diameter (in) 10 
Well Depth (ft) 122 
Casing Depth (ft) 95 
Screen 10-inch: 85-slot (100-122 ft) 
Screen Capacity (gpm) 1100 
Aquifer Qva 
Control Valves 3" 61-21ABX105                     

6" 692-07ABCDS-X101 
PSV Setting  57psi @ 665 GPM 
PRV Setting (psi) 54 
Flow to Waste Setting 85psi @ 500gpm 
Flow to Waste Duration (sec) 180 
Well Capacity (gpm) 665 
Chlorine Dose (mg/L) 0.82 
Reliable Capacity (gpm) 665 
  
Notes Seasonal low aquifer levels during drought periods may require 

temporary reductions in pumping rates. 
 



Well S01 (College St. Well 1) 

 
 

 











 Well S02 

(College St. Well No. 2) 
 
Facility Information 
 

Description Comments 
Source # S02 
Address 3300 College St. SE 
Year On-Line 1969 
Pressure Zone 337 
Floor Elevation 233.26 
Housing CMU 
Pump Type Submersible 
Pump Model Hydroflo 12DC (9.29” 4-stage) 
Pump Shaft Diameter (in) N/A 
Column Diameter/Length 8" column, 160' 
Pump Serial # N/A 
Pump Depth (ft) 180 
Pump Capacity (gpm) 600 GPM @ 333 FT TDH 
Motor Model Tesla TR10 
Motor Serial # N/A 
Motor Speed (rpm) 1775 
Horsepower 75 
Casing Diameter (in) 16 
Well Depth (ft) 217 
Casing Depth (ft) 189 
Screen 16-inch: 35-slot (187-203 ft), 95-slot (203-217 ft) 
Screen Capacity (gpm) 1550 
Aquifer Qpg 
Control Valves 3" 61G-02                                  

4" 92EG-07ABCDS 
PSV Setting  52psi @ 550gpm 
PRV Setting (psi) 66 
Flow to Waste Setting 80psi @ 500gpm 
Flow to Waste Duration (sec) 90 
Well Capacity (gpm) 665 
Chlorine Dose (mg/L) 0.79 
Reliable Capacity (gpm) 600 
  
Notes  
 
 
 
 
 

 
 
 
 



Well S02 (College St. Well 2) 

 
 

 















Well S03 
(College St. Well No. 3) 
 
Facility Information 
 

Description Comments 
Source # S03 
Address 3300 College St. SE 
Year On-Line 1969 
Pressure Zone 337 
Floor Elevation 231.63 
Housing CMU 
Pump Type Turbine 
Pump Model Integrity 9IEL (7.7” 6-stage) 
Pump Shaft Diameter (in) 1.005 
Column Diameter/Length 6" column, 177' 
Pump Serial # IPM20149A 
Pump Depth (ft) 185 
Pump Capacity (gpm) 210 GPM @ 320 FT TDH 
Motor Model US Electric A326UP 
Motor Serial # HR177401269 
Motor Speed (rpm) 1720 
Horsepower 30 
Casing Diameter (in) 16 
Well Depth (ft) 225 
Casing Depth (ft) 197 
Screen 16-inch: 30-slot (194-202 ft), 40-slot (202-214 ft),  

50-slot (214-222 ft) 
Screen Capacity (gpm) 1100 
Aquifer Qpg 
Control Valves 3" 61G-21B                                  

6" 692G-07ABCDS 
PSV Setting  62psi @ 230gpm 
PRV Setting (psi) 54 
Flow to Waste Setting 84psi @ 165gpm 
Flow to Waste Duration (sec) 60 
Well Capacity (gpm) 250 
Chlorine Dose (mg/L) 0.69 
Reliable Capacity (gpm) 210 
  
Notes  
 
 
 
 
 

 
 
 
 



Well S03 (College St. Well 3) 

 
 

 











 Well S04 
(Golf Club Estates) 
 
Facility Information 
 

Description Comments 
Source # S04 
Address 6100 Sarazan SE 
Year On-Line 1973 
Pressure Zone 337 
Floor Elevation 211.27 
Housing CMU 
Pump Type Submersible 
Pump Model Integrity 9IDML (7.025” 2-stage)  
Pump Shaft Diameter (in) N/A 
Column Diameter/Length 6" column, 64' 
Pump Serial # N/A 
Pump Depth (ft) 66 
Pump Capacity (gpm) 750 GPM @ 245 FT TDH 
Motor Model Hitachi 
Motor Serial # N/A 
Motor Speed (rpm) 3600 
Horsepower 60 
Casing Diameter (in) 16 
Well Depth (ft) 84 
Casing Depth (ft) 65 
Screen 14-inch: 80-slot (65-66 ft), 100-slot (66-67 ft), 150-slot (67-80 ft) 
Screen Capacity (gpm) 1000 
Aquifer Qva 
Control Valves 6" 61G-21B                                    

10" 92G-01BCSD 
PSV Setting  74psi @ 750gpm 
PRV Setting (psi) 67 
Flow to Waste Setting 95psi @ 700gpm 
Flow to Waste Duration (sec) 300 
Well Capacity (gpm) 1400 
Chlorine Dose (mg/L) 0.62 
Reliable Capacity (gpm) 750 
  
Notes Sand has been reported at flow rates above 850 gpm. 
 
 
 
 
 

 
 
 
 



Well S04 (Golf Club Estates) 

 
 

 











Well S06 
(Judd Hill) 
 
Facility Information 
 

Description Comments 
Source # S06 
Address 2400 Judd St. SE 
Year On-Line 1993 
Pressure Zone 337 
Floor Elevation 235.51 
Housing CMU 
Pump Type Submersible 
Pump Model Peerless 8LB - 3 Stage 
Pump Shaft Diameter (in) N/A 
Column Diameter/Length 6" column, 168' 
Pump Serial # 9927004323-1 
Pump Depth (ft) 168 
Pump Capacity (gpm) 400 GPM @ 265 FT TDH 
Motor Model Hitachi 
Motor Serial # G2798805H 
Motor Speed (rpm) 3470 
Horsepower 75 
Casing Diameter (in) 16 
Well Depth (ft) 385 
Casing Depth (ft) 190 
Screen 10-inch: 40-slot (190-200, 223-238 ft),  

60-slot (325-340, 352-367, 375-380 ft) 
Screen Capacity (gpm) 1850 
Aquifer Qpg - TQu 
Control Valves 4" 61G-21AB                             8" 92G-02BD                              

2-1/2" 50G-01BD                       8" 136EG-03ABCS      
PSV Setting  330gpm 
PRV Setting (psi) 60 
Flow to Waste Setting 220gpm 
Flow to Waste Duration (sec) 120 
Well Capacity (gpm) 550 
Chlorine Dose (mg/L) N/A 
Reliable Capacity (gpm) 330 
  
Notes Declining specific capacity, requires frequent rehabilitation efforts 

to maintain specific capacity. 
 
 
 
 
 

 
 
 
 



Well S06 (Judd Hill)     

 
 

 
  











Well S07 
(Fire Station) 
 
Facility Information 
 

Description Comments 
Source # S07 
Address 5606 Pacific Ave. SE 
Year On-Line 1976 
Pressure Zone 337 
Floor Elevation 182.26 
Housing CMU 
Pump Type Turbine 
Pump Model Integrity 11IDHH (9.34” 7-stage) 
Pump Shaft Diameter (in) 1.54 
Column Diameter/Length 8" column, 245' 
Pump Serial # IPM20193A 
Pump Depth (ft) 245 
Pump Capacity (gpm) 1500 GPM @ 392 FT TDH 
Motor Model US Electric 
Motor Serial # C-2694-03-931 
Motor Speed (rpm) 1775 
Horsepower 200 
Casing Diameter (in) 12 
Well Depth (ft) 479 
Casing Depth (ft) 430 
Screen 8-inch: 80-slot (428-477 ft) with sand pack 
Screen Capacity (gpm) 1950 
Aquifer TQu 
Control Valves 6" 61G-21B                                 

12" 692G-07ABCDS 
PSV Setting  120 psi @ 1600 gpm 
PRV Setting (psi) 85 
Flow to Waste Setting 130psi  
Flow to Waste Duration (sec) 120 
Well Capacity (gpm) 2150 
Chlorine Dose (mg/L) N/A 
Reliable Capacity (gpm) 1800 
  
Notes Flows directly to ATEC treatment facility (iron/manganese).  Sand 

production and water chemistry unknown at rates above 1800 
gpm. 

 
 
 
 
 

 
 
 
 



Well S07 (Fire Station) 

 
 

 
  









 

  



Well S09 
(Little Prairie) 
 
Facility Information 
 

Description Comments 
Source # S09 
Address 4890 Yelm Hwy SE 
Year On-Line 1981 
Pressure Zone 337 
Floor Elevation 192.19 
Housing CMU 
Pump Type Submersible 
Pump Model Grundfos 800 S1000-4-AA 
Pump Shaft Diameter (in) N/A 
Column Diameter/Length 6" column, 187' 
Pump Serial # B202500B4P119121001 
Pump Depth (ft) 193 
Pump Capacity (gpm) 800 GPM @ 310 FT TDH 
Motor Model Grundfos mms 8000 98979853 model B 
Motor Serial # P219060003 
Motor Speed (rpm) 3450 
Horsepower 100 
Casing Diameter (in) 16 
Well Depth (ft) 290 
Casing Depth (ft) 218 
Screen 8-inch: 30-slot (223-253 ft), 60-slot (254-284 ft) 

filter pack (aqua #8) 
Screen Capacity (gpm) 2000 
Aquifer TQu 
Control Valves 6" 61G-21                                  8" 692G-07ABCSDKC                 

2-1/2" 50A-01 
PSV Setting  750 gpm 
PRV Setting (psi) 74 
Flow to Waste Setting 90 psi 
Flow to Waste Duration (sec) 120 
Well Capacity (gpm) 1400 
Chlorine Dose (mg/L) 1.49 
Reliable Capacity (gpm) 750 
  
Notes Well 9 is used sparingly due to poor water quality, elevated iron 

and manganese have a history of contributing to local “brown 
water” occurrences.  Distribution mains in the vicinity of well 9 are 
flushed annually to remove manganese deposits from the pipes.  
Well 9 has been known to produce sand at rates above 900 gpm. 

 
 
 
 
 
 



Well S09 (Little Prairie) 

 
 

 
  











Well S10 
(Mountain Greens) 
 
Facility Information 
 

Description Comments 
Source # S10 
Address 5138 Yelm Hwy SE 
Year On-Line 1981 
Pressure Zone 337 
Floor Elevation 194.94 
Housing CMU 
Pump Type Turbine 
Pump Model Goulds 12CHC (8.31” 5-stage) 
Pump Shaft Diameter (in) 1.6875 
Column Diameter/Length 10" column, 115' 
Pump Serial # R1001346M 
Pump Depth (ft) 122 
Pump Capacity (gpm) 1200 GPM @ 335 FT TDH 
Motor Model US Electric 445TP WPI 
Motor Serial # R-6349-07-353 
Motor Speed (rpm) 1770 
Horsepower 200 
Casing Diameter (in) 16 
Well Depth (ft) 212 
Casing Depth (ft) 170 
Screen 16-inch: 80-slot (178-208 ft) 
Screen Capacity (gpm) 2050 
Aquifer Qpg 
Control Valves 6" 61G-21B                                10" 692G-07ABCDS                    

3" 50A-01 
PSV Setting  1200 gpm 
PRV Setting (psi) 74 
Flow to Waste Setting 106psi @ 900gpm 
Flow to Waste Duration (sec) 180 
Well Capacity (gpm) 1600 
Chlorine Dose (mg/L) 0.68 
Reliable Capacity (gpm) 1200 
  
Notes Well 10 is typically high in the call order due to its location and 

good water quality. 
 
 
 
 
 
 



Well S10 (Mountain Greens) 

 
 

 
  









 

  



Well S15 
(Beachcrest #1) 
 
Facility Information 
 

Description Comments 
Source # S15 
Address 8905 48th Way NE 
Year On-Line 1976 
Pressure Zone 400 
Floor Elevation 230.21 
Housing Wood 
Pump Type Submersible 
Pump Model Peerless 6LB - 5 stage 
Pump Shaft Diameter (in) N/A 
Column Diameter/Length 4" column, 120' 
Pump Serial # 4605262 
Pump Depth (ft) 117 
Pump Capacity (gpm) 180 
Motor Model Franklin Electric 
Motor Serial # 2366158120 
Motor Speed (rpm) 3450 
Horsepower 25 
Casing Diameter (in) 12 
Well Depth (ft) 140 
Casing Depth (ft) 115 
Screen 12-inch: 25-slot (115-140 ft) 
Screen Capacity (gpm) N/A 
Aquifer Qva 
Control Valves 3" 61G-02 
PSV Setting  88psi @ 185gpm 
PRV Setting (psi) None 
Flow to Waste Setting None 
Flow to Waste Duration (sec) 0 
Well Capacity (gpm) 220 
Chlorine Dose (mg/L) 0.68 (S15 and S16 combined) 
Reliable Capacity (gpm) 180 
  
Notes Seasonal low aquifer levels. 
 
 
 
 
 
 



Well S15 (Beachcrest #1) 

 
 

 
  







Well S16 
(Beachcrest #2) 
 
Facility Information 
 

Description Comments 
Source # S16 
Address 8905 48th Way NE 
Year On-Line 1979 
Pressure Zone 400 
Floor Elevation 232.82 
Housing Wood 
Pump Type Submersible 
Pump Model Peerless 6HXB - 6 stage 
Pump Shaft Diameter (in) N/A 
Column Diameter/Length 6" column, 109' 
Pump Serial # N/A 
Pump Depth (ft) 112 
Pump Capacity (gpm) 230 
Motor Model N/A 
Motor Serial # N/A 
Motor Speed (rpm) 3450 
Horsepower 30 
Casing Diameter (in) 10 
Well Depth (ft) 138 
Casing Depth (ft) 113 
Screen 10-inch: 40-slot (113-118, 133-138 ft), 50-slot (118-123 ft),  

60-slot (123-133 ft) 
Screen Capacity (gpm) N/A 
Aquifer Qva 
Control Valves 4" 65001BDS 
PSV Setting  94psi @ 180gpm 
PRV Setting (psi) None 
Flow to Waste Setting None 
Flow to Waste Duration (sec) 0 
Well Capacity (gpm) 225 
Chlorine Dose (mg/L) 0.68 (S15 and S16 combined) 
Reliable Capacity (gpm) 180 
  
Notes Seasonal low aquifer levels. 
 
 
 
 
 
 



Well S16 (Beachcrest #2) 

 
 

 
  







Well S19 
(Hawks Prairie #1) 
 
Facility Information 
 

Description Comments 
Source # S19 
Address 4040 Marvin Rd. NE 
Year On-Line 1994 
Pressure Zone 400 
Floor Elevation 299.50 
Housing CMU 
Pump Type Submersible 
Pump Model Integrity 7IMH (5.455” 7-stage) 
Pump Shaft Diameter (in) N/A 
Column Diameter/Length 8" column, 528' 
Pump Serial # N/A 
Pump Depth (ft) 528 
Pump Capacity (gpm) 500 GPM @ 590 FT TDH 
Motor Model N/A 
Motor Serial # N/A 
Motor Speed (rpm) 3600 
Horsepower 125 
Casing Diameter (in) 12 
Well Depth (ft) 646 
Casing Depth (ft) 580 
Screen 12-inch: 10-slot (585-592 ft), 12-slot (603-608 ft),  

70-slot (623-632 ft), 30-slot (632-643 ft) 
Screen Capacity (gpm) 970 
Aquifer TQu 
Control Valves 4" 61G-21                                  

8" 92G-01BCDS 
PSV Setting  500 gpm 
PRV Setting (psi) N/A 
Flow to Waste Setting 125psi @ 300 gpm 
Flow to Waste Duration (sec) 400 
Well Capacity (gpm) 800 
Chlorine Dose (mg/L) N/A 
Reliable Capacity (gpm) 500 
  
Notes Poor water quality, elevated iron, manganese, ammonia, and 

sulfides.  Flows directly to the Hawks Prairie Water Treatment 
Facility.  Produces sand at flow rates above 750 gpm. Specific 
capacity reduces at flow rates above 600 gpm. 

 
 
 
 
 
 
 
 
 



Well S19 (Hawks Prairie #1 

 
 

 
  















Well S20 
(McAllister Park) 
 
Facility Information 
 

Description Comments 
Source # S20 
Address 8500 19th Ave. SE 
Year On-Line 1995 
Pressure Zone 400 
Floor Elevation 175.98 
Housing CMU 
Pump Type Submersible 
Pump Model Goulds 11CLC (8.125” 8-stage) 
Pump Shaft Diameter (in) N/A 
Column Diameter/Length 8" column, 165' 
Pump Serial # N/A 
Pump Depth (ft) 165 
Pump Capacity (gpm) 650 GPM @ 470 FT TDH 
Motor Model Hitachi 
Motor Serial # N/A 
Motor Speed (rpm) 1800 
Horsepower 125 
Casing Diameter (in) 16 
Well Depth (ft) 214 
Casing Depth (ft) 180 
Screen 14-inch: 150-slot (180-185 ft), 80-slot (193-198 ft),  

100-slot (198-208 ft) 
Screen Capacity (gpm) 1300 
Aquifer Qpg 
Control Valves 4" 61G-21                                  10" 692G-01BD                          

2-1/2" 50G-01 
PSV Setting  625 gpm 
PRV Setting (psi) 110 
Flow to Waste Setting 180psi @ 530gpm 
Flow to Waste Duration (sec) 180 
Well Capacity (gpm) 650 
Chlorine Dose (mg/L) 0.54 
Reliable Capacity (gpm) 600 
  
Notes Seasonal low aquifer levels, can occasionally require a reduction 

in pumping rate.  Casing is out of alignment/plumb, which is hard 
on line shaft pumps.   

 
 
 
 
 
 



Well S20 (McAllister Park) 

 
 

 
  











Well S21 
(Madrona #1) 
 
Facility Information 
 

Description Comments 
Source # S21 
Address 8824 Milbanke Dr. SE 
Year On-Line 1997 
Pressure Zone 400 
Floor Elevation 259.04 
Housing CMU 
Pump Type Turbine 
Pump Model Integrity 14ILH (10.895” 5-stage) 
Pump Shaft Diameter (in) 1.93 
Column Diameter/Length 10" column, 256' 
Pump Serial # N/A 
Pump Depth (ft) 256 
Pump Capacity (gpm) 1600 
Motor Model US Electric 445TPA 
Motor Serial # H06071/Z0721160905R-1 
Motor Speed (rpm) 1770 
Horsepower 250 
Casing Diameter (in) 16 
Well Depth (ft) 329 
Casing Depth (ft) 263 
Screen 14-inch: 100-slot (263-271 ft), 80-slot (280-287 ft),  

150-slot (287-293 ft), 120-slot (313-319 ft), 30-slot (319-324 ft) 
Screen Capacity (gpm) 1950 
Aquifer Qpg 
Control Valves 6" 61G-21                                   10" 692EG-07BDS                         

2-1/2" 50G-01 
PSV Setting  Solenoid Control 1600 gpm 
PRV Setting (psi) 72 
Flow to Waste Setting 150psi @ 400gpm 
Flow to Waste Duration (sec) 180 
Well Capacity (gpm) 1600 
Chlorine Dose (mg/L) 0.58 (S21 and S22 combined) 
Reliable Capacity (gpm) 1600 
  
Notes Local pressures limit simultaneous operation of wells S21, S22, 

and S28.   
 
 
 
 
 
 



Well S21 (Madrona #1) 

 
 

 
  











Well S22 
(Madrona #2) 
 
Facility Information 
 

Description Comments 
Source # S22 
Address 8824 Milbanke Dr. SE 
Year On-Line 1998 
Pressure Zone 400 
Floor Elevation 259.51 
Housing CMU 
Pump Type Turbine 
Pump Model Goulds VIT 14 RJMC-6 stage, 9.31 in 
Pump Shaft Diameter (in) 1.93 
Column Diameter/Length 10" column, 250' 
Pump Serial # 458067 
Pump Depth (ft) 256 
Pump Capacity (gpm) 1600 GPM @ 460 FT TDH 
Motor Model US Electric 445TPA 
Motor Serial # B0597051101-001R-1 
Motor Speed (rpm) 1770 
Horsepower 250 
Casing Diameter (in) 16 
Well Depth (ft) 334 
Casing Depth (ft) 265 
Screen 14-inch: 150-slot (265-277, 294-306, 313-320 ft),  

120-slot (277-282 ft), 100-slot (320-326) 
Screen Capacity (gpm) 3220 
Aquifer Qpg 
Control Valves 6" 61G-21                                  10" 692EG-07ABCDS                 

2-1/2" 50G-01 
PSV Setting  108psi @ 1640gpm 
PRV Setting (psi) 72 
Flow to Waste Setting 150psi @ 1020gpm 
Flow to Waste Duration (sec) 120 
Well Capacity (gpm) 1600 
Chlorine Dose (mg/L) 0.58 (S21 and S22 combined) 
Reliable Capacity (gpm) 1600 
  
Notes Local pressures limit simultaneous operation of wells S21, S22, 

and S28.   
 
 
 
 
 
 



Well S22 (Madrona #2) 

 
 

 
  











Well S24 
(Nisqually 19A) 
 
Facility Information 
 

Description Comments 
Source # S24 
Address 11544 6th Ave. SE 
Year On-Line 1986 
Pressure Zone 188 
Floor Elevation 25.00 
Housing CMU 
Pump Type Submersible 
Pump Model FNW-5LC00744C 
Pump Shaft Diameter (in) N/A 
Column Diameter/Length 2" column, 85' 
Pump Serial # 2554755-A 
Pump Depth (ft) 85 
Pump Capacity (gpm) 70 
Motor Model Franklin 2343185202 
Motor Serial # 00M1801-3515 
Motor Speed (rpm) 3450 
Horsepower 7.5 
Casing Diameter (in) 6 
Well Depth (ft) 107 
Casing Depth (ft) 98 
Screen 6-inch: 18-slot (98-107 ft) 
Screen Capacity (gpm) N/A 
Aquifer Qpg 
Control Valves None 
PSV Setting  N/A 
PRV Setting (psi) N/A 
Flow to Waste Setting 60 gpm 
Flow to Waste Duration (sec) 120 
Well Capacity (gpm) N/A 
Chlorine Dose (mg/L) 0.57 
Reliable Capacity (gpm) 70 
  
Notes  
 
 
 
 
 
 



Well S24 (Nisqually 19A) 

 
 

 
  







Well S25 
(Nisqually 19C) 
 
Facility Information 
 

Description Comments 
Source # S25 
Address 11544 6th Ave. SE 
Year On-Line 1972 
Pressure Zone 188 
Floor Elevation 24.46 
Housing CMU 
Pump Type Turbine 
Pump Model Integrity 7IMH (5.58” 10-stage) 
Pump Shaft Diameter (in) 1.93 
Column Diameter/Length 6" column, 75' 
Pump Serial # 375864 
Pump Depth (ft) 75 
Pump Capacity (gpm) 200 GPM @ 275 FT TDH 
Motor Model US Electric 445TPA 
Motor Serial # H06071/Z0721160905R-1 
Motor Speed (rpm) 1770 
Horsepower 30 
Casing Diameter (in) 10 
Well Depth (ft) 79 
Casing Depth (ft) 58 
Screen 10-inch: 100-slot (58-73 ft) 
Screen Capacity (gpm) N/A 
Aquifer Qpg 
Control Valves 3" 61G-02 
PSV Setting  N/A 
PRV Setting (psi) N/A 
Flow to Waste Setting 230 gpm 
Flow to Waste Duration (sec) 120 
Well Capacity (gpm) N/A 
Chlorine Dose (mg/L) 0.81 
Reliable Capacity (gpm) 250 
  
Notes  
 
 
 
 
 
 



Well S25 (Nisqually 19C) 

 
 

 
  







Well S27 
(Evergreen Estates) 
 
Facility Information 
 

Description Comments 
Source # S27 
Address 2814 Hibiscus Ct. SE 
Year On-Line 2003 
Pressure Zone 400 
Floor Elevation 256.57 
Housing CMU 
Pump Type Turbine 
Pump Model Byron Jackson 12 MQLX - 8 stages 
Pump Shaft Diameter (in) 1.5 
Column Diameter/Length 8" column, 240' 
Pump Serial # N/A 
Pump Depth (ft) 252 
Pump Capacity (gpm) 1100 
Motor Model US Motor VHS 444TP BF76 
Motor Serial # N/A 
Motor Speed (rpm) 1785 
Horsepower 150 
Casing Diameter (in) 16 
Well Depth (ft) 282 
Casing Depth (ft) 256 
Screen 14-inch: 150-slot (256-266 ft), 200-slot (266-276 ft) 
Screen Capacity (gpm) 1750 
Aquifer Qpg 
Control Valves 6" 61G-21ABKC                        8" 692EG-07ABCSDKC              

2-1/2" 50G-01 
PSV Setting  147psi @ 770gpm 
PRV Setting (psi) 80 
Flow to Waste Setting 180psi @ 430gpm 
Flow to Waste Duration (sec) 240 
Well Capacity (gpm) 1100 
Chlorine Dose (mg/L) 0.51 
Reliable Capacity (gpm) 700 
  
Notes  
 
 
 
 
 
 



Well S27 (Evergreen Estates) 

 
 

 
  







Well S28 
(Madrona #3) 
 
Facility Information 
 

Description Comments 
Source # S28 
Address 8824 Milbanke Dr. SE 
Year On-Line 2004 
Pressure Zone 400 
Floor Elevation 259.50 
Housing CMU 
Pump Type Turbine 
Pump Model Peerless 14MC - 7 stages 
Pump Shaft Diameter (in) 1.9375 
Column Diameter/Length 10" column, 249' 
Pump Serial # N/A 
Pump Depth (ft) 256 
Pump Capacity (gpm) 1600 
Motor Model US Motor H445TPA BF84 
Motor Serial # N/A 
Motor Speed (rpm) 1780 
Horsepower 250 
Casing Diameter (in) 20 
Well Depth (ft) 330 
Casing Depth (ft) 262 
Screen 18-inch: 120-slot (262-265, 272-277 ft),  

80-slot (265-272, 286-292 ft), 150-slot (292-325 ft) 
Screen Capacity (gpm) 4380 
Aquifer Qpg 
Control Valves 6" 61G-21                                  10" 692EG-07ABCDS                

2-1/2" 50G21 
PSV Setting  112psi @ 1570gpm 
PRV Setting (psi) 72 
Flow to Waste Setting 150psi @ 960gpm 
Flow to Waste Duration (sec) 120 
Well Capacity (gpm) 3200 
Chlorine Dose (mg/L) 0.67 
Reliable Capacity (gpm) 1600 
  
Notes Local pressures limit simultaneous operation of wells S21, S22, 

and S28.   
 
 
 
 
 
 



Well S28 (Madrona #3) 

 
 

 
  











Well S29 
(Betti) 
 
Facility Information 
 

Description Comments 
Source # S29 
Address 2950 Marvin Rd. NE 
Year On-Line 2005 
Pressure Zone 400 
Floor Elevation 224.98 
Housing CMU 
Pump Type Turbine 
Pump Model Byron Jackson 11MQH - 10 stages 
Pump Shaft Diameter (in) 1.5 
Column Diameter/Length 8" column, 280' 
Pump Serial # N/A 
Pump Depth (ft) 297 
Pump Capacity (gpm) 1000 
Motor Model US Motor VHS 445TP 
Motor Serial # N/A 
Motor Speed (rpm) 1770 
Horsepower 200 
Casing Diameter (in) 20 
Well Depth (ft) 390 
Casing Depth (ft) 300 
Screen 12-inch: 35-slot (293-310, 332-348 ft), 20-slot (354-377 ft),  

8x12 Colorado Silica sand 
Screen Capacity (gpm) 1098 
Aquifer Qpg 
Control Valves 6" 61G-21ABKC                        8" 692EG-07ABCSDKC              

2-1/2" 50G-01 
PSV Setting  110psi @ 1000gpm 
PRV Setting (psi) 86 
Flow to Waste Setting 156psi @ 765gpm 
Flow to Waste Duration (sec) 180 
Well Capacity (gpm) 1000 
Chlorine Dose (mg/L) 0.82 
Reliable Capacity (gpm) 1000 
  
Notes  
 
 
 
 
 
 



Well S29 (Betti)              

 
 

 
  







Well S31 
(Hawks Prairie #2) 
 
Facility Information 
 

Description Comments 
Source # S31 
Address 4040 Marvin Rd. NE 
Year On-Line 2013 
Pressure Zone 400 
Floor Elevation 298.63 
Housing CMU 
Pump Type Submersible 
Pump Model Peerless 12LD (7-stage) 
Pump Shaft Diameter (in) N/A 
Column Diameter/Length 10" column, 470' 
Pump Serial # N/A 
Pump Depth (ft) 480 
Pump Capacity (gpm) 1000 GPM @ 505 FT TDH 
Motor Model Hitachi 
Motor Serial # N/A 
Motor Speed (rpm) 1800 
Horsepower 200 
Casing Diameter (in) 20 
Well Depth (ft) 656 
Casing Depth (ft) 500 
Screen 20-inch: 15-slot (498-518 ft), 12-slot (518-525 ft),  

10-slot (573-598 ft), Blanked Off (629-648 ft) 
Screen Capacity (gpm) N/A 
Aquifer TQu 
Control Valves Solenoid Control in Treatment Plant 
PSV Setting  Solenoid Control Valve 800 gpm 
PRV Setting (psi) N/A 
Flow to Waste Setting N/A 
Flow to Waste Duration (sec) 400 
Well Capacity (gpm) 900 
Chlorine Dose (mg/L) N/A 
Reliable Capacity (gpm) 800 
  
Notes Poor water quality, elevated iron, manganese, ammonia, and 

sulfides.  Flows directly to the Hawks Prairie Water Treatment 
Facility.  Occasional episodes of sand production. 

 
 
 
 
 
 
 
 
 
 
 



Well S31 (Hawks Prairie #2)  
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EXECUTIVE SUMMARY 

ES.1   Introduction 

The City of Lacey's (City) 337 Pressure Zone (PZ) is located in the western portion of the 
distribution system. It has numerous facilities, such as reservoirs, wells, pump stations, and 
receives flows from the 400 PZ. This pressure zone struggles with aging well sources, low 
pressures along the College Street Corridor, challenging water quality within the distribution 
system, transmission challenges from existing sources, and continued growth. 

To mitigate these challenges, a study was conducted evaluating the existing infrastructures and 
low pressures experienced in the City's College Corridor. Additionally, the study selected supply 
projects to meet system-wide demands through 2028. 

During this time, the following improvements are needed for the City to maintain a high level of 
service to its customers: 

• New supply sources to meet demand growth. 
• Water storage to improve operations and provide emergency storage. 
• New infrastructure to improve water pressures for high elevation customers. 

A study was conducted to explore alternatives that would allow the City to serve customers 
during peak demand and improve local pressures. This report summarizes the results of the 
study.  

ES.2   Hydraulic Model Update 

The City provided a calibrated hydraulic model that represented 2016 winter and summer 
conditions. Carollo Engineers, Inc. (Carollo) allocated future (4-year and 10-year) water demands 
to appropriate nodes in the hydraulic model. Carollo also added the nine planned pipeline 
improvement projects to the hydraulic model, listed below: 

• College and 22nd Street.  
• Capital City Golf Course Fire Flow Improvement. 
• 2017 Waterline Replacement Project 2. 
• Mullen Road Water Project. 
• 48th Avenue and 50th Avenue NE (Beachcrest) Fire Flow Improvements. 
• Impala Water Main Replacement. 
• Oak Preserve Development. 
• Gateway Development. 
• Willamette Drive Velocity Improvements (long-term scenario). 
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ES.3   Supply Assumptions and Ability to Serve 

To meet its current supply needs, the City uses groundwater wells. Additional supply sources are 
needed to meet demand growth throughout the entire system. A high-level "supply and ability 
to serve evaluation" was performed to compare available supply in the next 10 years (2028) to 
projected demands. The evaluation used existing supplies and five planned water supply 
improvement projects: 

1. Pump improvements at S19 and S31 going back online to add 980 gallons per 
minute (gpm) (1.41 million gallons per day [mgd]) of supply. 

2. S15/S16 upgrades in 2019 to add 110 gpm (0.16 mgd) of supply. 
3. New Marvin Road Well with a pumping capacity of 1,000 gpm (1.44 mgd) in 2021. The 

increase in supply is 200 gpm (0.29 mgd) because the Hawks Prairie Water Treatment 
Facility (HPWTF) can only treat 1,800 gpm (2.59 mgd) of supply from S19, S31, and 
Marvin Road Well. 

4. The replacement well for S01 will be in service in 2022 to add 665 gpm (0.96 mgd) of 
supply. 

5. HPWTF expansion in 2028 will allow the full use of S19, S31, and Marvin Road Well water 
rights to add 800 gpm (1.15 mgd) of supply. 

The evaluation found that in addition to the current and planned supplies, the City will need 
additional supply capacity by 2028. This finding underscores the importance of implementing 
the above planned system improvements, as well as developing new supplies. The City identified 
two new supply improvement projects to meet this deficit:  

• 2022: Madrona Transmission Improvements to make full use of Madrona's full water 
rights. 

• 2025: HPWTF expansion or Drill a new well next to S04. 

Should the City not make the supply system improvements per the above schedule or demands 
vary from projections, the results will differ from those presented in this report. 

ES.4   Preliminary System Analysis 

This section summarizes the preliminary system analysis to understand the improvements to the 
distribution system to better meet level of service goals and criteria. The study evaluations used 
criteria consistent with the City's Water System Comprehensive Plan Update (Comp Plan) from 
February 2013 and Washington State's Department of Health (DOH) 2009 Water System Design 
Manual (WSDM).  

ES.4.1   Storage Analysis 

The Comp Plan identified a 337 PZ storage deficiency of 2.97 million gallons (MG) in 2029. This 
study sought to provide additional 337 PZ storage at the Intelco Loop reservoir site, while also 
improving distribution system pressures and operational flexibility. Future reservoir projects at 
other sites will be required to address the remaining 337 PZ storage deficiency.  
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ES.4.2   Customers with Low Pressures 

High elevation customers in the Southwestern portion of the distribution system experience low 
pressures, identified as those below 40 pounds per square inch (psi). At these pressures plumbing 
fixtures and appliances may be negatively impacted, especially in upper stories of buildings. 
Additionally, some customers infrequently experience even further temporary pressure 
reductions to as low as 32 psi. While the City exceeds the State required pressure of 30 psi, low 
pressures are perceived negatively by customers. To increase service pressures the City would 
need to create a new higher pressure zone for these high elevation customers, referred to as 
rezoning or a rezone. The Intelco Loop reservoir site is ideally situated to serve both 337 PZ and 
the proposed rezone. Even without the rezone, the Intelco reservoir can mitigate the temporary 
pressure reductions in the area.  

ES.5   Recommended Alternatives 

Three alternatives were developed to provide 337 PZ storage and maintain pressures along the 
College Street Corridor under 2028 peak hour demand (PHD) and during fire flow events: 

• Alternative 1 – Rezone with At-Hydraulic-Grade Tank involves rezoning customers that 
experience low pressures and adding storage along the College Street Corridor. The 
rezone boundary was developed to minimize the impact to existing distribution mains 
along College Avenue and was done with the City's input. An at-hydraulic-grade tank 
supplies the new zone through a new pump station, both located at the Intelco Loop 
site. The tank can also supply the 337 PZ without pumping.  

• Alternative 2 – Rezone with Below-Hydraulic-Grade Tank is similar to Alternative 1. Like 
Alternative 1, Alternative 2 involves rezoning the customers in the College Corridor and 
adding storage volume at the Intelco property. However, for this alternative, new 
storage would be a below-hydraulic-grade reservoir, and requires a pump station to 
supply the both the 337 PZ and new PZ. 

• Alternative 3 – No Rezone and At-Hydraulic-Grade Tank involves constructing an 
at-hydraulic-grade tank at the Intelco site. It does not rezone high elevation customers 
to increase pressures, but will mitigate the temporary pressure reductions in the area. 
This alternative also recommends adding a variable frequency drive (VFD) to Well 10 to 
improve operations of the new tank. 

ES.6   Life-Cycle Costs and Capital Costs 

The cost estimates developed in this report are American Association of Cost Engineers (AACE). 
Class 4 estimates, which are planning-level estimates only and should be refined during 
pre-design.  

The resulting costs for the three alternatives are shown below in Table ES.1. Detailed cost 
estimates for each alternative can be found in the Appendix B. Ranking for each alternative is 
also shown as described in the next section. 
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Table ES.1 Summary Costs 

Costs 
337 PZ  

Alternative 1 
337 PZ  

Alternative 2 
337 PZ  

Alternative 3 

Capital Costs(1) $10,399,500  $9,043,300  $6,070,200  

O&M(2) Costs(3) $11,851,000  $13,529,900  $2,327,000  

Total Capital and O&M(4) $22,250,500  $22,573,200  $8,397,200  

Ranking (Score)(5) 2.90 3.20 3.90 
Notes:  
(1) Capital costs are in 2022 dollars.  
(2) O&M: operation and maintenance.  
(3) O&M costs are inflated to the year in which the operation or maintenance is performed, over a 50-year period. 
(4) Total costs rounded to the nearest $100. 
(5) Weighted ranking from 1 (worst) to 5 (best) based on life cycle (capital plus O&M) cost, pressure, water quality, and O&M. 

ES.7   Alternatives Ranking 

Each Alternative was ranked by Carollo and City Staff based on life cycle (capital plus O&M) cost, 
pressure, water quality, and O&M. A weighted ranking was given for each criteria from 1 (worst) 
to 5 (best) and combined for a total Alternative ranking score. Receiving the highest score, 
Alternative 3 – No Rezone and At-Hydraulic-Grade Tank, was recommended for 
implementation. Alternative 3 had the lowest life cycle costs, reduces temporary pressure 
reductions in the area, and added the least operational complexity of the alternatives. 
Alternative 3 does not significantly increase low pressures in the College Corridor during normal 
operations, but is expected to prevent pressure sags.  

It is recommended that a 0.75 MG elevated style at-hydraulic-grade be constructed to provide 
the benefits described above and provide a portion of the required storage in the 337 PZ. 
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Section 1 

BACKGROUND 

The City of Lacey’s (City’s) 337 Pressure Zone (PZ) is located in the western portion of the 
distribution system. It has numerous facilities, such as reservoirs, wells, pump stations, and 
pressure reducing valves (PRVs) from the 400 PZ. Figure 1 shows the study area for the report. 

This pressure zone struggles with aging well sources, low pressures along the College Street 
Corridor, challenging water quality within the distribution system, transmission challenges from 
existing sources, and continued growth. 

To mitigate these challenges, a study was conducted evaluating the existing infrastructures and 
low pressures experienced in the City's College Corridor. Additionally, the study selected supply 
projects to meet system-wide demands through planning year 2028. 

This report summarizes the results of this study and provides information on the following:  

• Evaluation criteria for the study. 
• Supply project selection. 
• Description of alternatives.  
• Results of a hydraulic analysis of alternatives. 
• Recommended alternative to serve customers.  
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Section 2 

SUPPLY ABILITY TO SERVE 

A high-level "supply and ability to serve evaluation" was performed at the beginning of the 
project. The following sections describe the results from this evaluation and present 
recommended improvements to the infrastructure to mitigate future supply deficiencies.  

2.1   Demands 

System-wide demands were reviewed from the Water System Comprehensive Plan 
Update (Comp Plan). For this study, no new demand forecasts were completed. Figure 2 
compares projected system-wide average day demand (ADD) with historical consumption data 
from 2009 through 2017. As shown, the rate of demand increased similarly.  

However, historical demands were approximately 0.8 million gallons per day (mgd) below 
projected demands; the 2017 ADD was roughly equivalent to the projected 2012 ADD. As a 
result, the projected demands were "scaled down" to match historical consumption, as shown on 
Figure 2, effectively shifting demands five years into the future. For example, the Comp Plan's 
2023 demands were considered the 2028 demands for this study.  

Table 1 shows updated ADD and maximum day demand (MDD) for 2017, near-term (2022), and 
long-term (2028) planning periods. The MDD to ADD peaking factor of 2.2 and peak hour 
demand (PHD) to MDD peaking factor of 1.6 were both unchanged from the Comp Plan.  

Carollo Engineers, Inc. (Carollo) recommends that the City update its demand projections during 
its upcoming Water System Plan Update. Although the study's scaled down demands are 
adequate for conceptual level hydraulic modeling in this study, they should not be used for water 
rights, supply timing, or storage facility sizing. 

Table 1 Summary of Projected Demands 

Year 
ADD MDD 

(mgd) (gpm) (mgd) (gpm) 

2017 7.43 5,200  16.34 11,300  

2022 8.25 5,700  18.15 12,600  

2028 9.14 6,300  20.12 14,000  
Note: 
(1) gpm: gallons per minute. 
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Figure 2 Adjusted Demand Projections 

2.2   Ability to Serve Requirements 

To meet its current supply needs, the City uses groundwater. The analysis described in this 
section evaluated the City's groundwater wells "ability to serve," a measurement commonly used 
for long-term planning.  

"Ability to serve" is the maximum water a source can produce given the following limitations:   

• Water Rights: The maximum water rights available.  
• Pumping Capacity: Pumping capacity for each individual well, according to the City. 
• Treatment Capacity: Total treatment capacity for each well. 
• Operational/ Seasonal Limitations: Limitations on supply use due to seasonal variations 

in available supply or operational requirements. 

Table 2 shows all of the City's groundwater wells "abilities to serve" taking into account the 
limitations described above. 

Table 2 Wells Ability to Serve 

Well No. Pressure Zone 
Ability to Serve  

(gpm) 
Ability to Serve  

(mgd) 

S01 337 PZ 0 0.00 

S02 337 PZ 500 0.72 

S03 337 PZ 206 0.30 

S04 337 PZ 750 1.08 

S06 337 PZ 290 0.42 

S07 337 PZ 1,800 2.59 

S09 337 PZ 730 1.05 

S10 337 PZ 1030 1.48 

S15 400 PZ 190 0.27 

2022 Demand: 
8.25 mgd

2028 Demand: 9.14 mgd
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Table 2 Wells Ability to Serve (continued) 

Well No. Pressure Zone 
Ability to Serve  

(gpm) 
Ability to Serve  

(mgd) 
S16 400 PZ 220 0.32 
S19 400 PZ 620 0.89 
S20 400 PZ 580 0.84 
S21 400 PZ 1,350 1.94 
S22 400 PZ 1,350 1.94 
S24 188 PZ 80 0.12 
S25 188 PZ 160 0.23 
S27 400 PZ 1,000 1.44 
S28 400 PZ 1,350 1.94 
S29 400 PZ 1,000 1.44 
S31 400 PZ 0 0.00 

To estimate future supply needs and recommend supply improvements, the "ability to serve" 
was compared to the near-term and long-term MDD demands listed in Section 2.1. Carollo 
recommends updating this evaluation after the demand projections are updated in the 
upcoming Water System Plan Update. 

2.3   "Ability to Serve" Analysis 

For this analysis, criteria were developed that consider the firm supply capacity, or "redundancy." 
Firm capacity is the total supply sources with the largest source out of service, in this case Well S7.  

Operational criteria were also used in the analysis to measure the system's capacity to provide 
water with a commonly out of service well in addition to the largest source out of service. In this 
case, the commonly out-of-service supply source is Well S19.  

According to the analysis, the City can supply approximately 13,206 gpm (19.01 mgd). When the 
redundancy and operation criteria are applied to the analysis, however, the City's "ability to 
serve" was approximately 10,786 gpm (15.53 mgd). 

2.3.1   Planned Supply Improvements 

To meet future demands and provide additional redundancy and operational flexibility, the City 
planned for five water supply improvement projects in its Capital Improvement Plan (CIP):  

1. Pump improvements at S19 and S31 going back online to add 980 gpm (1.41 mgd) of 
supply. 

2. S15/S16 upgrades in 2019 to add 110 gpm (0.16 mgd) of supply. 
3. New Marvin Road Well with a pumping capacity of 1,000 gpm (1.44 mgd) in 2021. The 

increase in supply is 200 gpm (0.29 mgd) because the Hawks Prairie Water Treatment 
Facility (HPWTF) can only treat 1,800 gpm (2.59 mgd) of supply from S19, S31, and 
Marvin Road Well. 

4. The replacement well for S01 will be in service in 2022 to add 665 gpm (0.96 mgd) of 
supply. 

5. HPWTF expansion in 2028 will allow the full use of S19, S31, and Marvin Road Well water 
rights to add 800 gpm (1.15 mgd) of supply. 

Figure 3 shows the locations of these supply improvements. 
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 Figure 3  Planned Supply Improvements

2021, New Marvin Rd Well, limited by
HPWTF. Additional Supply = 200 gpm

2019, S19 Pump Improvements 
and S31 Back Online.

Additional Supply = 980 gpm

2028, Hawks Prairie Treament
Facility Expansion. Additional

Supply = 800 gpm

2019, Wells 15 & 16 Improvements. 
Additional Supply = 110 gpm

2022, S01 Replacement Well in Service. 
Additional Supply = 665 gpm
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2.3.2   "Ability to Serve" with Planned Projects Improvements 

Figure 4 compares the City's "ability to serve" with the supply improvements already planned for 
the established criteria and MDD projections. If all planned improvements are implemented, the 
City will have sufficient supply in the near-term with all supplies online. To meet both 
redundancy and operational criteria by 2028, the City will need an additional 0.78 mgd (539 gpm) 
of supply capacity.  

This finding underscores the importance of implementing planned supply improvements in 
Section 2.3.1, as well as developing new supplies. Note, should City not make the supply 
improvements or demands vary from projections, then results will differ from those presented in 
this report. 

 

Figure 4 Ability to Serve with Planned Supply Improvements 

2.3.3   Additional Supply Improvements to meet Demands 

As the "ability to serve" analysis shows, the City will need more supply than just the already 
planned supply projects. The City identified the four supply improvement options that are 
presented below. Each project was qualitatively evaluated and ranked in a workshop setting with 
City staff based on available information. The hydraulic model was used to confirm the 
distribution system had sufficient capacity for the supply projects and to recommend necessary 
system improvements, and where improvements are recommended. Two of the supply projects 
presented below will be sufficient to meet the Redundant and Operational ability to serve 
deficiency through planning year 2028. The remaining supplies should be considered for long-
term supplies after the study period: 

1. Make full use of Madrona's full water rights. This option would make improvements to 
the distribution system to convey additional flow without upgrading pumps or 
treatment. This option would utilize the full water rights and increase supply from the 
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well field by 748 gpm. Hydraulic modeling indicates that the full use of Madrona can be 
achieved during both 2022 and 2028 MDD by upsizing 1,100 feet of distribution main. 
Note that, during lower demand conditions, the Madrona wells may not be able to 
produce their full water right because of limitations in overall distribution. City staff 
preferred this project, mainly because of cost and operational reasons. 

2. Drill a new well next to S04. The new well is anticipated to have a yield of 1,350 gpm. 
The combined yield of the existing 750 gpm well and new well is anticipated to be 
2,100 gpm. Existing treatment facilities can treat the additional yield without 
modification. The City is considering installing the new well after the area is sewered. 
City staff anticipates that septic-to-sewer conversions will occur within ten years; 
therefore, the additional well may not be available until the end of the planning period. 
Of the four improvements, City staff deemed this one their second best.  

3. Add treatment to S09. By adding treatment for iron, manganese, and ammonia, a total 
of 1,300 gpm of supply will be available from S09, an increase of 570 gpm of supply from 
the existing 730 gpm ability to serve. This option is less preferred, since it would require 
adding a new treatment facility at a new site and acquiring land.  

4. Develop a new well near the Meridian Campus with a yield of 800 gpm. The well will 
be drilled in the TQu aquifer and tests indicate the presence of iron, manganese, 
ammonia, and sulfides. The City proposes to drill the well in the Meridian Campus Park. 
This option is the least preferred because it will require treatment.  

2.3.4   "Ability to Serve" Improvements and Timing 

Timing for the supply projects are recommended to be: 

• 2022: Madrona Transmission Improvements (1. Make full use of Madrona's full water 
rights). 

• 2025: HPWTF expansion (Planned improvement 5 in Section 2.3.1) or Drill a new well 
next to S04. 

The Madrona Transmission Improvements and HPWTF expansion by 2025 provide sufficient 
Redundant and Operational ability to serve, as shown on Figure 5. This would require the City to 
move up planned improvements from 2028 to 2025 to meet the Redundant and Operational 
ability to serve throughout the planning period.  

If the City does not implement the HPWTF expansion in 2025, then it could consider drilling a 
new well next to S04 in 2025 to provide more than sufficient Redundant and Operational ability 
to serve through 2028, as shown on Figure 6. The HPWTF expansion could then be implemented 
as planned in 2028 or delayed for beyond 2028.  
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Figure 5 Ability to Serve with Planned Supply Improvements, Madrona Transmission 
Improvements and HPWTF Expansion 

 

Figure 6 Ability to Serve with Planned Supply Improvements, Madrona Transmission 
Improvements, and a new well at S04 
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Section 3 

HYDRAULIC MODEL UPDATE 

The City gave Carollo the hydraulic model with 2017 facilities and 2016 demands. The demand 
were allocated in the model based on actual consumption data. Carollo updated the hydraulic 
model to include near-term (2022) and long-term (2028) demands, fire flows, planned 
distribution improvements, and future supply projects. Using the update, the following 
simulations of each alternative were modeled in the near- and long-term planning period (see 
Appendix C): MDD plus Fire Flows, Extended Period Simulation of PHD, and Extended Period 
Simulation of ADD. Select source trace results are included in Appendix C as well. 

3.1   Demands 

Future water demands were allocated to appropriate nodes in the hydraulic model. The City's 
existing summer 2016 model demands were then allocated to match the projected 
2017 demands as described in Section 2.1 and shown in Table 1.  

Additional projected ADDs were also allocated to the hydraulic model to match the demands 
shown in Table 1 for planning years 2022 and 2028. Future ADDs were developed using a 
combination of land use information, vacant land information, loading polygons, and planned 
development information. City-provided demands associated with planned developments were 
manually entered into the model based on the number of residential units planned. 

The remaining demands were allocated to all vacant land and weighted based on area using 
loading polygons and vacant parcels. Future MDDs were developed by multiplying their 
respective years' ADD with the MDD/ADD peaking factor of 2.2. Future ADD and MDD diurnals 
used the summer 2016 diurnal patterns provided by the City. 

3.2   Planned System Improvements 

The City provided information on nine planned pipeline improvement projects. Eight of the 
projects are expected to be completed by 2022 and the ninth project is expected to be 
completed by 2028.The following projects were incorporated into the hydraulic model's 
near-term and long-term scenarios: 

• College and 22nd Street.  
• Capital City Golf Course Fire Flow Improvement. 
• 2017 Waterline Replacement Project 2. 
• Mullen Road Water Project. 
• 48th Avenue and 50th Avenue NE (Beachcrest) Fire Flow Improvements. 
• Impala Water Main Replacement. 
• Oak Preserve Development. 
• Gateway Development. 
• Willamette Drive Velocity Improvements (long-term planning period). 
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3.3   Planned Supply Projects  

The City planned water supply improvements to meet future demands and provide additional 
redundancy and operational flexibility. The hydraulic model was updated to include the planned 
supply improvements discussed in Section 2.3 and shown on Figure 5 and Figure 6. See 
Appendix A for information on how the planned supply improvements were operated in the 
hydraulic model.  

3.4   PZ Operations 

The 337 PZ alternatives require that facility operations be added and updated in the model. 
Model updates are described in the following sections. The following operational changes are 
applied to all 337 PZ alternatives: 

• Wells 7 and 19 controls are disabled for baseline and all alternatives.  
• Wells 1, 2, 3, 4, 6, 9, and 10 will continue to be operated by their existing control 

facilities. Controls related to proposed facilities were modified or added, as described in 
Appendix A. 

3.5   400 PZ Proposed Facilities  

For the 337 PZ modeling, a new 1 million gallon (MG) Hawks Prairie Sister Tank was assumed to 
be online for 2028 planning scenario. The existing Hawks Prairie Tank was assumed to be online 
for both 2022 and 2028 planning scenarios. Please refer to the 400 PZ Storage Study Report 1 
(Carollo 2018) for information on the proposed Sister Tank.  
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Section 4 

EVALUATION CRITERIA 

This section presents the evaluation criteria used to evaluate the distribution system and to size 
future water system infrastructure. These criteria address storage capacity, acceptable service 
pressures, and the distribution's main performance. To help develop evaluation criteria, the 
City's Comp Plan and Washington State Department of Health (DOH) 2009 Water System 
Design Manual (WSDM) were used. 

4.1   Water Storage Requirements 

The City's storage reservoir volume requirements were divided into four separate categories as 
defined by DOH:  

1. Operating Storage. 
2. Equalizing Storage.  
3. Fire Fighting Storage.  
4. Standby (or emergency) Storage.  

Reservoirs may include "dead storage," which is the volume in a reservoir not available to the 
system. This volume is usually the result of high elevations served by the reservoir and minimum 
pressures required for customers in the zone. 

For this analysis, criteria and results from the Comp Plan were used and checked against adjusted 
demands from Section 3.1. A comprehensive storage analysis was not performed. However, 
criteria from the Comp Plan were used to determine storage volumes required in the 337 PZ.  

Table 3 presents the volume of storage deficiencies based on the Comp Plan and adjusted 
demands. The 337 PZ has four storage tanks (Westside, Judd Hill, Union Mills, and Steilacoom) 
with a total storage volume of 7.71 MG and an available storage of 3.98 MG. The Comp Plan 
storage analysis identified the required storage based on City criteria. Of note, the standby 
criteria is a function of the demand and firm supply capacity. New supplies developed after year 
2023 reduced the overall standby storage required by 2034. Based on this analysis, the 
Comp Plan recommended a 3.2 MG reservoir be constructed on the Intelco Loop property.  

Table 3 337 PZ Storage Analysis Adapted from Comp Plan 

Storage Surplus / (Deficit) 2019 2023 2034 

Available Storage (MG) 3.98 3.98 3.98 

Required Storage    
Operational Storage (MG) 0.24 0.24 0.24 
Equalizing Storage (MG) 0.74 1.12 1.36 
Max of Standby / Fire (MG) 3.56 5.87 5.36 

Total Storage Required (MG) 4.54 7.23 6.96 

Excess / Deficiency in 337 PZ -0.55 -3.24 -2.97 
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The adjusted Comp Plan analysis was considered adequate for this study's planning purposes. It 
is recommended the Storage Analysis be updated as part of the upcoming Comp Plan update.  

Similar to Table 3, the Comp Plan also showed a surplus of storage volume in the 400 PZ and 
deficiency in the 337 PZ. Surplus in the 400 PZ will further increase with the proposed 
Hawks Prairie Sister Tank. Since moving storage from the 400 PZ to the 337 PZ requires complex 
operations, with storage that must travel through miles of pipe and control valves, the City has 
sought additional storage in the 337 PZ for self-sufficiency within the 337 PZ.  

The alternatives analysis use a goal of 1 MG of storage at the Intelco site. The 1 MG storage 
volume is typically cost-effective for both at-hydraulic-grade and below-hydraulic-grade 
reservoirs – allowing direct comparison. Below-hydraulic-grade reservoirs are typically more cost 
effective at higher volumes and at-hydraulic-grade are more cost effective at lower volumes. The 
proposed additional storage will only meet a portion of the 3.2 MG deficiency. To meet the entire 
3.2 MG deficiency, the City will need to develop additional storage at separate sites.  

4.2   Fire Flow Criteria 

Fire flows stress a water system near a hydrant and can thus identify deficiencies, which are 
generally associated with pipe sizes (diameter) or age (roughness). Under high flow conditions, 
these deficiencies increase head losses and lower pressures.  

Fire flow criteria measure a system's ability to deliver a high rate of water while maintaining a 
minimum pressure of 20 pounds per square inch (psi) in the distribution system. To evaluate the 
effect of fire flows throughout the distribution system, each model node was assigned a fire flow 
based on highest fire flow requirement considering the City's land-use based criteria. Where a 
node represents service to multiple land uses, the largest fire flow was chosen to be simulated in 
the model. The fire flow demands were used in conjunction with MDD conditions. By simulating 
MDD plus fire flows, the performance of supply sources, booster pumps, and storage tanks could 
be determined under those conditions. 

The recommended fire flow criteria are summarized below by land use. City staff provided the 
following fire flow criteria: 

• Single-Family Residential: 750 gpm for two hours. 
• Low Commercial: 1,250 gpm for two hours (in 188 PZ) and 1,500 gpm for 

two hours (everywhere else). 
• Medium Commercial: 2,500 gpm for three hours. 
• High Commercial: 4,000 gpm for four hours. 

4.3   Service Pressures 

Pressures maintained in the distribution system vary with the system's operations and pressure 
zone topography. Thus, the water pressure in a consumer's residence or place of business cannot 
be too high nor too low. The City established an operational pressure criteria of: 

• Minimum Pressure: Minimum pressure of 40 psi under typical PHD conditions. 
• Maximum Pressure: Maximum pressure of 80 psi under all conditions. 

The City staff found most customer pressure complaints occur at pressures near 40 psi; therefore 
it was used as a minimum pressure. According to building code, individual PRV must be installed 
for pressures above 80 psi; therefore, high pressures are also highlighted.  
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Note that DOH requires water systems to provide PHD at no less than 30 psi at all service 
connections in the distribution system, except during a fire suppression event. This means that 
the City's operational criteria are more stringent than state requirements. 

4.4   Distribution Mains 

Transmission mains are generally sized to carry PHD or MDD plus fire flow. Other criteria related 
to the distribution piping include the maximum and minimum velocities and the maximum 
allowable friction losses.  

DOH recommends a "maximum velocity of no more than 8 feet per second (fps) under PHD 
conditions, unless the manufacture specifies otherwise" (WSDM, 2009). Normally, velocities of 
10 fps (American Water Works Association [AWWA] M-32) or higher do not cause problems if 
they are brief.  

For this alternatives analysis, maximum velocity criteria were developed for the following 
demand conditions to prevent pipe damages caused by high velocities: 

• PHD: City pipes' maximum velocity not to exceed 8 fps under typical PHD conditions. 
• MDD + Fire Flow: City pipes' maximum velocity not to exceed 10 fps during a MDD plus 

fire flow event. 

4.5   Water Age 

4.5.1   Water Age Modeling  

This study incorporates water quality modeling of the distribution system. Water quality 
modeling can encompass a number of areas, including evaluating overall water age within the 
distribution system, principally driven by reservoir detention times, or evaluation of source, 
when customers receive different sources of supply with different water quality characteristics. 

Water quality problems, such as loss of disinfectant residual, or disinfection by product 
formation potential are dependent on a number of factors, such as system infrastructure, type of 
materials and age of components, water chemistry, water age, and water temperature. Since 
water age can be modeled, the age of the water can provide a general indicator of the potential 
for water quality problems. Often, water age modeling is used as a substitute for chlorine or 
chloramines modeling. 

Water age is used for screening purposes, to indicate reservoirs with higher potential for water 
quality problems. Water age by itself cannot identify if water quality problems will occur. The 
hydraulic model calculates average water age, assuming that reservoirs are completely mixed. 

American Water Works Association M68 – Water Quality in Distribution Systems (2017) 
recommends water age not exceed five to seven days at average day demand conditions. To 
achieve this level, reservoir turnover is typically recommended to be between 3 to 5 days; 
allowing some aging in the distribution system. Water age can vary significantly within a system 
and is primarily controlled by system design, system usage, and maintenance. Areas with longer 
transmission mains and dead-ends can experience longer water age.  
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Factors contributing to increased water age include demand planning and the requirements for 
providing capacity to deal with events such as power outages and firefighting. Planning 
necessitates the installation of facilities that have excess capacity for water storage and 
distribution, preparing to meet demands that may occur 20 years into the future and more. 
Greater reliance on supply sources can reduce tank turnover, increasing water age in the 
reservoirs. Depending on system hydraulics, this can lead to customers served primarily from the 
reservoir being adversely impacted.  

Potential health impacts that can occur due to older water age are disinfection by-product 
formation, biodegradation of disinfection byproducts, nitrification, and microbial regrowth. 
Corrosion control effectiveness can also be related to water age. With increased detention time 
there are impacts on the effectiveness of pH management in poorly-buffered waters. Since the 
City's water sources come from wells, most of the potential health impacts do not pertain. The 
main issues that could arise from older water age would be degradation of chlorine, 
accumulation of iron and manganese, and pH stability. A more in depth study of these issues can 
be found in the City's 2018 Evaluation and Mitigation of Discolored Water (Confluence 
Engineering Group LLC, in prep.). 

Since water age is considered only a general indicator of potential water quality problems, 
Carollo recommends that the City take into account current water age and any problems that 
they experience. With the future water age information, the City can watch areas of concern and 
use their operational experience in prioritizing and implementing water quality improvements to 
improve reservoir turnover and reduce water age. The City has a flushing program in place to 
improve the system's water quality. Manganese and iron deposits are flushed from the system 
on a periodic basis. Areas of low chlorine are also flushed on an as-needed basis. In a few areas of 
low demand, the City has year round automatic flushing because flushing significantly reduces 
water age. 

4.5.2   Water Age Results Discussion 

Two main drivers for high water ages were: Water age was run for the distribution system under 
the baseline condition for both 2017 and 2028 ADD with none of the 400 PZ or 337 PZ 
Alternatives included. Since the model does not reflect all of the field operational changes made 
throughout the year, the figures were found to be misleading and, therefore, were not included 
in this report. 

Modeling showed that while water age is slightly sensitive to demands; it is significantly 
impacted by distribution system operations. 

Two main drivers for high water ages were: 

• Tank turnover during lower demand periods. 
• Distribution system oversizing and dead ends.  

4.5.2.1   Limited Tank Turnover 

For the 2017 ADD, both Wells 7 and 19 are online, however, Wells 1 and 31 are offline, based on 
2017 field conditions. Modeling showed that under this operation strategy, Westside tank is 
sporadically providing water to the distribution system, elevating water age values around the 
West Side tank. Water age in the adjacent distribution system is directly correlated with water 
age in the West Side tank, and is aged more than 20 days.  
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For the 2028 ADD modeling, operation strategy considered existing operations with the addition 
of the following: 

• Well 19 pump replacement project completed. 
• Wells 15 and 16 upgrades completed. 
• New Marvin Road Well constructed. 
• Well 1 improvements completed. 
• HPWTF expansion completed. 
• Full use of Madrona's water rights. 

Based on these supply projects, Wells 1, 7, 19, and 31 are online and supplying water. 

The City has excess supply when considering all wells online and available to run. Based on these 
conditions, the tanks in the system are supplying the distribution system in a limited manner. For 
instance, 2028 ADD runs indicate a significant decrease in water age around the West Side tank, 
from more than 20 days in 2017 ADD to 2 to 5 days in 2028 ADD. Under 2028 ADD conditions, 
modeling showed that the West Side tank is not supplying the 337 PZ, as Well 1 is now running 
and Well 1 controls are preventing the West Side tank from operating. The City has more than 
sufficient supply to provide demands to the customers directly in 2028 ADD with all supplies 
online, therefore, significantly limiting the use of the storage facilities.  

Though maximum water age in the 337 PZ distribution mains are significantly reduced, the age 
of the water in the tanks is significantly older. For instance, as soon as West Side tank starts 
regularly operating, the water age in the vicinity of West Side would be realistically closer to the 
2017 ADD modeling results.  

Similar results were found for the 400 PZ, with HPWTF and Wells 19, 31, and Marvin Road 
operating more frequently and providing the bulk of the supply to the customers' demands. 

Because there is a significant relationship between water age and system operations, it is 
recommended that the City optimize its controls throughout the year and for different supply 
conditions to facilitate tank turnover to the extent practical. This should help maintain or lower 
water age in the distribution system. The City changes its operations seasonally, and based on 
wells water quality and conditions, which will change water age in the system significantly based 
on the facilities being operated. As stated previously, water age is considered only a general 
indicator of potential water quality problems, and Carollo recommends that the City take into 
account operational experience in prioritizing and implementing water quality improvements to 
improve reservoir turnover and reduce water age. 

4.5.2.2   Distribution System Oversizing and Dead Ends 

Water age can also increase within the distribution system where the volume of water in the pipe 
is substantially larger than the demand in the area. For example, the Britton Parkway 
distribution system has been sized for large fire flows; however, slower than anticipated 
development has resulted in relatively low demand in the area. Further, the Britton PRV (400 PZ 
to the 337 PZ) at the eastern boundary of the Parkway rarely operates in the winter and is 
effectively a dead end. Similar reductions in PRV operations create effective dead ends in the 
winter at several of the City's other large PRV stations, including the Galaxy PRV Station. It is 
recommended the City consider changes in operation to allow regular flow through its PRVs to 
limit these effective dead ends. 
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The City also has areas of the distribution system with limited looping, as well as short dead ends 
mains, which require periodic flushing to maintain chlorine residual. Areas of low chlorine are 
flushed on an as-needed basis. In a few areas of low demand, the City has year round automatic 
flushing because flushing significantly reduces water age. General water age improvements from 
operational changes at facilities discussed above may help lessen the frequency of flushing. 
Additional looping is also generally recommended to improve water age in dead end areas. 
However, due the complex nature of water quality issues, these changes may not resolve all 
water quality issues and periodic flushing may still be required.  

4.6   Well 9 Supply Tracking 

Well 9 (S09) water contains manganese and iron and is untreated. Consequently, use of this 
source can lead to customer complaints regarding taste, odor and "dirty" water. In addition, 
manganese in the water tends to accumulate in the distribution system, which the City currently 
manages with its unidirectional flushing (UDF) program. To minimize impacts to water 
customers, the well is primarily used to meet seasonal demands. The hydraulic model's source 
tracking feature was used to evaluate if the proposed Intelco Loop tank would change the 
distribution of S09 water. This information may be used to adjust the route and frequency of 
UDF to account for the S09 supply. 

Supply tracking is a way to understand which area Well 9 serves under these specific conditions. 
Similar to water age, results may vary based on system operation. The figures discussed in this 
section can be found in Appendix C for reference. Supply tracking was performed using the 
hydraulic model for the following four scenarios: 

• 2022 ADD – Baseline (Figure 25 of Appendix C). Assumed facilities would operate 
according to current operation. Wells 7 and 19 are online, however, Wells 1 and 31 are 
offline, based on 2017 field conditions. 

• 2022 ADD with recommended alternatives (Sister Tank at Hawks Prairie, and 
Alternative 3 with a new at-hydraulic-grade tank from this report, Figure 26 of 
Appendix C). Assumed facilities would operate according to current operation. Wells 7 
and 19 are online, however, Wells 1 and 31 are offline, based on 2017 field conditions. 

• 2022 MDD – Baseline (Figure 27 of Appendix C). Assumed facilities would operate 
according to current operation. Wells 7 and 19 are online, however, Wells 1 and 31 are 
offline, based on 2017 field conditions. 

• 2022 MDD with recommended alternatives (Sister Tank at Hawks Prairie, and 
Alternative 3 with a new at-hydraulic-grade tank from this report. Figure 28 of Appendix 
C). Assumed facilities would operate how they currently operate. Wells 7 and 19 are 
online, however, Wells 1 and 31 are offline, based on 2017 field conditions.  

The figures show the average percentage of the supply contributed by S09 at each node in the 
hydraulic model. The S09 supply will vary throughout the day due to changes in S09 pumping 
and operation of nearby infrastructure. 
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Operations change in response to increased demand between ADD and MDD. As illustrated by 
Figures 25 and 27 in Appendix C, the change in operations has a large impact on the number and 
location of customers served by water from Well 9. Under 2022 ADD, S09 is operated sparingly 
and modeling showed that customers are served up to a maximum of 20 percent by water from 
Well 9. Under 2022 MDD, S09 is operated for most of the day and modeling shows a significantly 
larger area is served by that water with a percent contributing of up to 100 percent of the 
demand at several locations. Under 2022 MDD condition, modeling shows that water from 
Well 9 may flow to Balustrade Street, south of 58th, which appears to be consistent with City 
staff has noted in the field.  

The hydraulic model was also used to understand the impact of the alternatives to the system. 
Comparing Figure 25 to Figure 26 shows that under ADD, the impact of adding the Sister Tank at 
Hawks Prairie and the new at-hydraulic-grade Tank at the Intelco site is minimal. Comparing 
Figure 27 to Figure 28, modeling results indicate there will be a larger difference between 
baseline and with recommended alternatives. Overall, Well 9 contributes to less of the supply at 
each node with additional tanks in the system, which is likely due to additional supply sources 
being called online. Additionally, water from Well 9 seems constrained to a specific area around 
58th, east and west of Ruddell Avenue. This is believed to be due to Intelco Tank and its impact 
on system operations in the College Street Corridor. 
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Section 5 

PRELIMINARY SYSTEM ANALYSIS 

The preliminary system analysis was completed to understand pressures in the 337 PZ and the 
cause for low pressures operators experienced in the field. Results from the analysis were used to 
identify system deficiencies and develop alternatives to mitigate them.  

5.1   Baseline Condition 

A preliminary analysis was completed using the City's existing hydraulic model. The Baseline 
scenarios consist of all system infrastructure as of 2017. For the Baseline and 337 Alternatives, 
the City-provided operational schema in the model was used as received, except for the 
following operational changes: 

• Wells 7 and 19 controls are disabled for all alternatives.  
• Wells 1, 2, 3, 4, 6, 9, and 10 will continue to be operated by their existing control 

facilities. Controls related to proposed facilities were modified for specific Alternatives 
as described in the subsequent sections.  

Because the 400 PZ operations effects the 337 PZ, it is also noted that for the Baseline and 
337 Alternatives: the proposed 400 PZ Hawks Prairie Sister Tank is online in the 2028 model 
simulations, the Hawks Prairie Reservoir was online in all model simulations, the proposed piping 
upsize near Madrona Well Field is online in the 2022 and 2028 simulations, and the supply 
improvements are online per the recommended schedule in Section 2.3. 

5.1.1   Static Pressures 

Static pressures, or the highest possible service pressure, were assessed to understand the 
impact of customer elevations to pressures. Static pressures were calculated based on the 
difference of the hydraulic-grade-line (HGL) at 337 feet (ft) and customer elevations at the street 
level. The customers at the highest elevations in the vicinity of the College Corridor have a 
maximum pressure of 41 psi. This lower pressure area extends along a ridge roughly following 
College Street, as illustrated on Figure 7.  

5.1.2   Minimum Pressures during PHD 

Normal system pressures are less than static pressures due to head loss as water flows through 
pipes and other system operations (such as fluctuating reservoir levels). The model was run 
under initial 2016 summer conditions to understand the impact of operations to system 
pressures. As shown on Figure 8, pressures in the College Corridor dropped lower than 40 psi, 
down to 36 psi. The number of customers below 40 psi was smaller in the winter (due mostly to 
less demands and head loss). The pressures shown in the figures would be at the customer's 
service meter. Additional head losses occur through the customer's plumbing, especially in two-
story houses. At Intelco, City staff stated that pressures as low as to 32 psi were experienced, 
which is likely due to temporary decreases in local supply availability (either from increased 
demand or supply sources being offline).  
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Modeling was used to understand the increases in future demand for pressures in the 337 PZ, 
where PHD pressures anticipated for 2022 are shown on Figure 9. Figure 10 shows the impacts of 
the projected demand increase between planning years 2022 and 2028, showing that a majority 
of locations drop in pressure due to increase in demands (less than 2 psi). 

Using the hydraulic model, head loss and velocities were evaluated to identify transmission 
limitations in the distribution system. Areas with high head loss or velocity indicate a 
"bottleneck" in the system that would increase pressures if upsized. The 337 PZ had no moderate 
or high velocity pipes, as shown on Figure 11. The 400 PZ has several moderate velocity 
pipelines; however, upsizing the pipes in the 400 PZ are not expected to impact pressures in the 
337 PZ. 

5.1.3   Residual Pressures during MDD + Fire 

With the current system, there is sufficient fire flow pressure availability for the 337 PZ 
customers through 2028. Figure 12 illustrates that the 2022 residual pressure is available, except 
several dead ends mains shown as red nodes (deficient) on the figure. Before improvements are 
made to dead-end mains, it is recommended the Fire Marshall review these areas to determine if 
there is sufficient fire flow for the existing uses. If improvements are needed, looping dead-end 
mains is generally recommended as it provides additional fire flow capacity and reduces water 
age. 

5.1.4   Water Age 

Water age was run for the 337 PZ under the baseline condition for 2028 ADD. Under the existing 
operational schema, water age is generally low to moderate, as it does not exceed ten days in 
most areas. High water ages are areas generally in dead end mains or influenced by long water 
ages in the Steilacoom and Union Mills reservoirs. As previously discussed, water age results are 
highly dependent on facility operations and results are subject to change with adjustments to 
facility controls.   
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Assumption:
 - Wells S07 and S19 online
 - Wells S1 and S31 offline
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 Figure 9  Minimum Pressures under 2022 PHD Conditions - Baseline, S07 and S19 Offline
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 Figure 10  Change in Minimum Pressures from 2022 PHD Baseline to 2028 PHD Baseline Conditions, 
S07 and S19 Offline
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 Figure 11  Maxim um  Velocity under 2028 PHD Conditions – Baseline, S07 and S 19 Offline
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 Figure 12  Residual Pressure under 2022 MDD plus Fire Flow Conditions - Baseline, S07 and S19 Offline
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Section 6 

RECOMMENDED ALTERNATIVES 

As detailed in Section 5, the initial analysis showed that areas in the 337 PZ fell below 40 psi 
along the College Corridor under 2016 summer conditions. A pressure sag also occurs during low 
demand conditions. In this scenario, the wells are off and the HGL is set by water elevation in the 
tanks on the eastern side of the PZ. Furthermore, the City has experienced customer complaints 
for low pressures along 337 PZ's College corridor under high and low demand conditions. 

In the College Corridor, elevations are higher than in the rest of the 337 PZ. Thus, alternatives 
were developed with the goal of improving the level of service along the College Corridor. In 
addition, each alternative provides additional storage to the 337 PZ. The following sections 
describe the facilities associated with the three 337 PZ recommended alternatives and present 
the results from the hydraulic analysis. 

6.1   Alternative 1 – Rezone with At-Hydraulic-Grade Tank 

6.1.1   Alternative 1 Infrastructure 

Alternative 1 – Rezone with At-Hydraulic-Grade Tank involves rezoning customers that 
experience low pressures and adding storage along the College Street Corridor. The rezone 
boundary was developed to increase pressures, while minimizing the impact to existing 
distribution mains along College Street, using existing mains where feasible to reduce the 
construction of new water mains. The rezoning was done with the City's input. Minimum and 
maximum elevations in the new zone were considered and an optimal HGL of 380 PZ was chosen 
to maintain pressures between 50 and 80 psi. 

The rezone boundary is shown on Figure 13. As shown, the new PZ will serve customers at a new 
HGL of 380 feet from a new 380 PZ pump station on the Intelco property site. The following 
facilities are recommended for Alternative 1: 

• A new 620 gpm firm capacity 380 PZ pump station on the Intelco site. The 380 PZ pump 
station is sized to serve 2028 PHD only. The 380 PZ pump station includes 
approximately 500 feet of 12-inch diameter piping to connect the proposed pump 
station to the new 380 PZ. 

• New check valves between 337 PZ and 380 PZ. The check valves allow the 380 PZ to be 
served by the 337 PZ during a fire event, which prevents the need for adding fire pumps 
to the new pump station, saving on construction cost. The zone boundaries were 
created in the model using up to 25 check valves. For the cost estimate, it was assumed 
that the actual number and location of valves would be reduced to 10 check valves 
during predesign. 

• A surge or pressure reducing valve is recommended for the Rezone to prevent over 
pressurization in the event of a pump station control failure. The valve was assumed to 
be incorporated within the 380 PZ pump station and was not separately costed. 
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• Approximately 925 feet of 12-inch diameter pipe are recommended to connect the 
northern portion to the southern portion of the rezone. 

• Transmission mains parallel to Business Park distribution mains to allow the Park to be 
served from the 380 PZ. Approximately 1,830 feet of 12-inch diameter transmission 
main and 1,200 feet of 16-inch diameter transmission main will be required.  

In addition to the rezone, Alternative 1 involves constructing an at-hydraulic-grade tank at the 
Intelco site, as shown on Figure 13. The following are preliminary tank characteristics 
recommended per hydraulic modeling: 

• Tank Type: At-hydraulic-grade. 
• Storage Capacity = 0.75 MG. 
• Tank overflow elevation: Modeled at 337 feet to match 337 PZ's HGL. Overflow elevation 

should be re-evaluated during predesign. 
• Approximate bottom elevation = 220 ft. 
• Approximately 120 ft of 16-inch diameter field piping is needed connect the Intelco tank 

to the 337 PZ mainline pipe in Intelco Loop SE. 

An at-hydraulic-grade elevated style 0.75 MG reservoir was chosen to meet the City's operational 
criteria and therefore recommended as a cost-effective option. The 0.75 MG tank would provide 
0.3 MG (40 percent) of operational/equalizing storage and 0.45 MG (60 percent) of Emergency/ 
Fire Suppression storage. The operational/equalizing storage was set to maintain pressures at 
high elevation customers, with the remaining volume assigned to Emergency/ Fire Suppression. 
A larger elevated style tank would increase these volumes proportionally (i.e. a 1 MG tank would 
have 0.4 MG of Operational/Equalizing storage). Note, this sizing requires the City to build 
additional storage in the future to meet its Comp Plan requirements. 

Figure 13 shows the facilities associated with Alternative 1 improvements. If Alternative 1 is the 
selected alternative, operational changes are recommended to achieve proper tank cycling. With 
a new at-hydraulic-grade tank, nearby sources, Wells 1, 4, 9, and 10, will need to incorporate the 
Alternative 1 tank water levels to maintain adequate levels during operations. Additionally, a 
new PZ is recommended under this alternative, which will require new controls at the booster 
pump station (BPS) based on downstream pressures at customers in the 380 PZ. For specific 
facility controls, in the hydraulic model, see Appendix A. 

6.1.2   Alternative 1 - Minimum Pressures during PHD 

Alternative 1 was evaluated to understand its pressures improvements. Figure 14 shows 
minimum system pressures under 2028 PHD conditions. Alternative 1 shows an increase in 
pressures above the City's 40 psi operational criteria in the rezone area with minimal impacts on 
the adjacent zone. According to the modeling, the rezone provides a sufficient level of service for 
customers in the 380 PZ. PHD pressures within the rezone are generally increased by 
approximately 20 psi compared to the existing pressures.  

However, the rezone boundary does not include customers directly along College Street and the 
at-hydraulic-grade tank does not significantly improve system pressures there above the 
Baseline (see Section 5.1). The rezone boundary was not expanded to include those customers as 
it would require extensive construction within College Street to avoid cutting off the large 
transmission lines conveying water north south along the zone. These customers from within the 
College Street area should be reviewed during pre-design, where more detailed site information 
may identify alternative approaches to connect them to the 380 PZ.   
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 Figure 13  Alternative 1 Improvements
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A rezone might trigger water main replacement
in the area of Stikes Dr. SE. The new zone might

also cut-off some of the existing conveyance 
around Brentwood Dr. SE which would need to

be re-established, even if it doesn't show up as a
specific deficiency in the model.
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 Figure 14  Minimum Pressure under 2028 PHD Conditions - 337 PZ Alternative 1, S07 and S19 Offline
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Hydraulic modeling, also showed that minimum pressures, in the pressure-deficient areas 
identified above, fell below 40 psi when the at-hydraulic-grade tank water level was below 
25 ft (326 ft HGL). The model indicates during 2028 PHD conditions tank levels may decrease to 
20 ft (321 ft HGL) or 36 psi. During normal conditions, this pressure is less than 5 psi lower than 
existing pressures. However, the at-hydraulic-grade tank should limit temporary pressure 
decreases that are thought to create the lowest reported pressures in the area. Customer 
pressures still satisfy DOH's minimum pressure requirement of 30 psi.  

If higher pressures are sought, the City should conduct a supply optimization study to determine 
if increasing supply can maintain higher tank volumes without adversely impacting other 
operations in the 337 PZ and 400 PZ.  

Figure 15 shows that the at-hydraulic-grade tank can cycle appropriately under 2028 PHD 
conditions. With a new at-hydraulic-grade tank in the distribution system, nearby sources will 
need to operate based on the Alternative 1 tank water levels to maintain adequate levels during 
operations. The nearby sources include Wells 1, 4, 9, and 10. Additionally, a new PZ is 
recommended under this alternative, which will require new controls at the BPS based on 380 PZ 
customer pressures. For specific facility controls, in the hydraulic model, see Appendix A. 
Additional control optimization might maintain the minimum tank level to sustain pressures 
greater than 40 psi; however, this would likely increase water age and is therefore not 
recommended. For detailed facility control and operational changes made in the model, see 
Appendix A. 

  
Figure 15 Intelco Tank Level under 2028 PHD Condition – 337 PZ Alternative 1 

6.1.3   Alternative 1 - Residual Pressures during MDD + Fire Flow 

The system can provide fire flow requirements during MDD plus fire flow conditions to the 
rezoned area through the check valves while maintaining 20 psi in the system under 
Alternative 1, as shown on Figure 16. Note that no new deficiencies were found in the 337 PZ 
with Alternative 1; however, the limited deficiencies identified under the Baseline condition 
presented in Section 5.1 remain. Under Alternative 1, the 380 PZ BPS does not provide fire flows; 
fire flows to the new PZ are conveyed through checked valves from the 337 PZ to provide similar 
as the existing. To be conservative, the BPS was modeled as offline during fire flow events. 
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6.1.4   Alternative 1 – Water Age 

Water age was also considered for the infrastructure recommended with Alternative 1. 
According to the analysis, water age in the new 380 PZ was directly related to the age in the 
Intelco Tank and worsened compared to Baseline due to the additional storage and dead-end 
pipes created to form the new PZ. As previously discussed, water age results are highly 
dependent on facility operations; therefore, water age in the 380 PZ is anticipated to vary 
throughout the year. Water age outside of the new pressure zone in the 337 PZ remained similar, 
despite added storage volume in the pressure zone.  
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 Figure 16  Residual Pressure under 2028 MDD plus Fire Flow Conditions - 337 PZ Alternative 1,
S07 and S19 Offline
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6.2   Alternative 2 – Rezone with Below-Hydraulic-Grade Tank 

6.2.1   Alternative 2 Infrastructure 

Alternative 2 is similar to Alternative 1. Like Alternative 1, Alternative 2 involves rezoning the 
customers in the College Corridor and adding storage volume at the Intelco property. However, 
for this alternative, new storage would be a below-hydraulic-grade reservoir, and a pump 
station. The following facilities are recommended for Alternative 2, and their locations are 
shown on Figure 17: 

• A new pump station, approximately 620 gpm firm capacity, on the Intelco site to serve 
the new 380 PZ. The 380 PZ pump station would be sized to serve 2028 PHD only and 
would include approximately 500 feet of 12-inch diameter piping to connect the 
proposed pump station to the new 380 PZ. 

• New check valves between 337 PZ and 380 PZ. With the check valves, the 380 PZ can be 
served by the 337 PZ during a fire event, preventing the need for fire pumps in the new 
380 PZ pump station, saving on construction cost. The zone boundaries were created in 
the model using up to 25 check valves. For the cost estimate, it was assumed that the 
actual number and location of valves would be reduced to 10 check valves during 
predesign. 

• A surge or pressure reducing valve is recommended for the Rezone to prevent over 
pressurization in the event of a pump station control failure. The valve was assumed to 
be incorporated within the 380 PZ pump station and was not separately costed. 

• Approximately 925-feet of 12-inch diameter pipe for the rezone to connect the northern 
portion to the southern portion. 

• Transmission mains parallel to Business Park distribution mains to allow the Park to be 
served from the 380 PZ. Approximately 1,830 feet of 12-inch diameter transmission 
main and 1,200 feet of 16-inch diameter transmission main will be required.  

In addition to the rezone, Alternative 2 involves constructing a below-hydraulic-grade tank at the 
Intelco site, as shown on Figure 17. The below-hydraulic-grade tank will be a redundant tank that 
provides 337 PZ with pumped storage. The following preliminary tank characteristics are 
recommended: 

• Tank Type: Ground. 
• Storage Capacity = 1.5 MG. 
• Alternative 2 storage allocation is anticipated to be similar to Alternative 1, where 

0.3 MG (40 percent) will be used for operational/equalizing and the remaining 1.2 MG 
(60 percent) assigned to Emergency/Fire Suppression. Unlike an elevated style tank, the 
ground storage/ pump station configuration provides the City flexibility to increase the 
operational/equalizing portion beyond ~40 percent if needed. 

• Tank Diameter: 80 ft. 
• Tank Overflow Level: 40 ft (HGL = 260 ft). 
• Approximately 120 ft of 16-inch diameter field piping is needed to connect the 

below-hydraulic-grade Intelco tank to the 337 PZ. 
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• New Pump Station: the approximately 1,000 gpm firm capacity pump station will pump 
water out of the new below-hydraulic-grade reservoir to the 337 PZ. The pump station 
was sized based on PHD demands in the southern area and based on modeling 
(approximately 1,000 gpm). The pump station includes approximately 100 ft of 
12-inch diameter field piping. This pump station may be combined with the 380 PZ or 
separated depending on the City's operational and maintenance preferences. 

• The tank will fill through an altitude valve. The valve will close when the new 337 PZ 
pump station is on, which is recommended to prevent pumping in a circle. 

The below-hydraulic-grade tank was sized so the City can add additional storage. Alternative 2 is 
larger than Alternatives 1 and 3 because below-hydraulic-grade tanks are cheaper to construct. 
To ensure that the tank cycles properly, operational changes to the existing system are 
recommended. With a new below-hydraulic-grade in the distribution system, nearby sources, 
Wells 1, 4, 9, and 10, will need to look at the Alternative 2 tank water levels to maintain adequate 
levels during operations. For specific facility controls, in the hydraulic model, see Appendix A. 

6.2.2   Alternative 2 – Minimum Pressures during PHD 

Alternative 2 was evaluated to understand the new infrastructure's impact on pressures, fire 
flow, and water age.  

Under 2028 PHD conditions, Alternative 2 provides a sufficient level of service in the new 380 PZ, 
as shown on Figure 18. The pump station maintains a minimum pressure of 42 psi at the highest 
elevation customer in the new PZ, while the lowest elevation customers have a minimum 
pressure of approximately 70 psi pressure. 337 PZ pressures were similar between Alternative 1 
and Alternative 2, where changes were due to differing operations between the 
at-hydraulic-grade and below-hydraulic-grade tanks pump station.  

Figure 19 shows the difference in pressure between Alternative 2 and the Baseline condition. 
Results show the increase in pressures within the new 380 PZ. Pressures in the 337 PZ remain 
similar, the system does not experience a decrease in level of service. Note, the operation of the 
new below-hydraulic-grade reservoir impacted operation of the Steilacoom PRV station and 
tank. This resulted in a slight decrease in pressure near those locations, highlighting the 
interrelatedness of the City's facility operations.  

Minimum pressures at the customers located along College Street are below 40 psi. However, 
they satisfy DOH's minimum pressure requirement of 30 psi.  
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 Figure 17  Alternative 2 Improvements
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 Figure 18  Minimum Pressures under 2028 PHD Conditions - Alternative 2, S07 and S19 Offline

337 PRESSURE ZONE PRESSURE AND STORAGE STUDY | CITY OF LACEY

Assumption:
- Proposed below Hydraulic-Grade Tank with 337 PZ PS at
  Intelco Site are Online
- Proposed 380-PZ is rezoned with check valves and new
  piping
- Proposed 380 PZ PS at Intelco Site is Online
- Proposed Business Loop Piping is Online
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- Proposed Piping upsize near Madrona Well Field is Online
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 Figure 19  Change in Minimum Pressures from 2022 PHD Baseline to 2028 PHD Alternative 2 Conditions,
S07 and S19 Offline
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According to modeling, turning over the new below-hydraulic-grade reservoir appears 
problematic, as shown on Figure 20. Figure 20 shows the below-grade-reservoir tank level under 
2028 PHD conditions with Alternative 2 infrastructure. In the model, a similar operational 
schema to the Westside reservoir was used. As shown, the control schema allows the 
below-hydraulic-grade tank to supply the 337 PZ during high demands and fill during low 
demands. However, the Alternative does not fully recover at the end of the day. Prolonged 
periods of high demands may cause reservoir levels to decrease into the Emergency/ Fire 
Suppression volume. 

It is anticipated that the new below-hydraulic-grade tank in the distribution system will be fed by 
nearby sources. It is recommended that the tank have controls to limit inflows during lower 
pressures in the 337 PZ, such as a pressure sustain valve (PSV). A new 337 PZ pump station at the 
below-hydraulic-grade tank is needed to serve 337 PZ customers. The modeled 337 pump station 
is controlled off pressures in the 337 PZ and the below-hydraulic-grade tank levels. The 380 PZ 
pump station will run based on pressure controls in the 380 PZ to ensure customers get adequate 
pressures at all time. For detailed facility control and operational changes made in the model see 
Appendix A. 

Modeling also showed that operating Alternative 2 appears more complicated and less stable 
than the other alternatives, since the system needs to balance operations of the Westside 
facilities, the new facilities, and the wells. If this alternative is selected, performing supply 
optimization is recommended to create daily recovery in the tanks.  

Figure 20 Intelco Tank Level under 2028 PHD Condition - Alternative 2 

6.2.3   Alternative 2 – Residual Pressures during MDD + Fire Flow 

The system can provide fire flow requirements during 2028 MDD plus fire flow condition to the 
rezoned area through the check valves maintaining 20 psi in the system under Alternative 2, as 
shown on Figure 21. Note that no new deficiencies were found in the 337 PZ with Alternative 2, 
the limited deficiencies identified under the baseline condition presented in Section 5.1 remain. 
Under Alternative 2, the 380 PZ BPS does not provide fire flows; fire flows to the new PZ are 
conveyed through checked valves from the 337 PZ to provide similar as the existing. To be 
conservative, the BPS was modeled as offline during fire flow events. 
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6.2.4   Alternative 2 – Water Age 

Water age was also considered for the infrastructure recommended with Alternative 2. 
According to the analysis, water age in the new 380 PZ was directly related to the age in the 
Intelco Tank. As previously discussed, water age results are highly dependent on facility 
operations; therefore, water age in the 380 PZ is anticipated to vary throughout the year. Water 
age next to the new pressure zone in the 337 PZ remained similar, despite the added 1.5 MG 
storage volume in the pressure zone.  
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 Figure 21  Residual Pressure under 2028 MDD plus Fire Flow Conditions - 337 PZ Alternative 2,
S07 and S19 Offline
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Assumption:
- Proposed below Hydraulic-Grade Tank with 337 PZ PS at
  Intelco Site are Online
- Proposed 380-PZ is rezoned with check valves and new
  piping
- Proposed 380 PZ PS at Intelco Site is Offline
- Proposed Business Loop Piping is Online
- Hawks Prairie Tank is Online
- Proposed Hawks Prairie Sister Tank is Online
- Proposed Piping upsize near Madrona Well Field is Online
- Wells 7 and 19 are Offline
- All PRV Stations to 337 PZ are Online
- Supply Improvements online per recommended schedule
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6.3   Alternative 3 – No Rezone and At-Hydraulic-Grade Tank 

6.3.1   Alternative 3 Infrastructure 

Alternative 3 involves constructing an at-hydraulic-grade tank at the Intelco site, as shown on 
Figure 22. The at-hydraulic-grade tank will provide gravity storage to the 337 PZ. The following 
preliminary tank characteristics are recommended: 

• Tank Type: at-hydraulic-grade. 
• Storage Capacity = 0.75 MG. 
• Tank overflow elevation: Modeled at 337 feet to match 337 PZ's HGL. Overflow elevation 

should be re-evaluated during predesign. 
• Approximately 150 feet of 16-inch diameter field piping is needed connect the 

Intelco tank to the 337 PZ mainline pipe in Intelco Loop SE. 

Three tank sizes were run in the hydraulic model (0.5, 0.75, and 1 MG). Based on the modeling, 
all three sizes provided adequate storage, and the proposed at-hydraulic-grade tank showed 
good turnover. A 0.75 MG was recommended since it provides similar performance as a 1 MG 
tank at a lower cost. 

An at-hydraulic-grade elevated style 0.75 MG reservoir was chosen to meet the City's operational 
criteria and therefore recommended as a cost-effective option. The 0.75 MG tank would provide 
0.3 MG (40 percent) of operational/equalizing storage and 0.45 MG (60 percent) of Emergency/ 
Fire Suppression storage. The operational/equalizing storage was set to maintain pressures at 
high elevation customers, with the remaining volume assigned to Emergency/ Fire Suppression. 
A larger elevated style tank would increase these volumes proportionally (i.e. a 1 MG tank would 
have 0.4 MG of Operational/Equalizing storage). This sizing requires the City to build additional 
storage in the future to meet its Comp Plan requirements. 

If Alternative 3 is the selected alternative, operational changes are recommended to achieve 
proper tank cycling. With a new at-hydraulic-grade tank, nearby sources, Wells 1, 4, 9, and 10, 
will need to incorporate the Alternative 3 tank water levels to maintain adequate levels during 
operations. For specific facility controls, in the hydraulic model, see Appendix A. 

Alternative 3 also involves adding variable frequency drives (VFDs) to Well 10 to increase 
operational flexibility. The model indicates a VFD on Well 10 improves the overall operation of 
the College Street corridor area, which is reflected in improved tank turnover. The VFD 
modulates pumping based on pressure and allows Well 10 to operate for longer periods of time; 
resulting in a "smoothing" of reservoir fluctuations. Therefore, while a VFD is not required, it is 
recommended for this Alternative.  
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6.3.2   Alternative 3 – Minimum Pressures during PHD 

Alternative 3 was evaluated to understand the new infrastructure's impact on pressures, fire 
flow, and water age.  

Figure 23 shows the minimum system pressures under 2028 PHD conditions. As discussed for 
Alternative 1 in Section 6.1.2, the system is unable to maintain minimum pressures of 40 psi 
under the PHD condition. Although the new at-hydraulic-grade reservoir acts as a buffer for 
pressure fluctuations, it cannot increase pressures to above 40 psi for the customers at the 
highest elevations. 

The at-hydraulic-grade tank does not significantly improve system pressures along the 
College Corridor compared to the baseline scenario, as shown on Figure 24. Adding the new 
elevated tank in the 337 PZ showed minor benefits to customer pressures. The average increase 
in pressure, shown in the hydraulic model, was approximately 2 psi. The primary tank benefits 
are to provide additional storage in the 337 PZ and reduce temporary pressure sags. The new 
at-hydraulic-grade Intelco tank reservoir will meet College Street Corridor demand for short 
periods without pumping. This allows nearby infrastructure more flexibility in operation. Further, 
infrastructure in the College Street Corridor can be operated from the proposed 
Intelco Reservoir, rather than Steilacoom Reservoir. This should greatly reduce the temporary 
pressure sags that can occur with current operations. 

According to Figure 25, the at-hydraulic-grade tank can cycle appropriately under 2028 PHD 
conditions. As previously discussed in Alternative 1, operating the tank at higher levels to 
maintain higher pressures is not recommended as it can result in poor water quality. For detailed 
facility control and operational changes made in the model, see Appendix A. 

6.3.3   Alternative 3 – Residual Pressures during MDD + Fire Flow 

The addition of the at-hydraulic-grade tank will improve fire suppression storage availability. 
Residual pressures under Alternative 3 are similar to the Baseline scenario performance, as 
shown on Figure 26.  

6.3.4   Alternative 3 – Water Age 

Water age was also run with the infrastructure recommended under Alternative 3. The water age 
analysis shows minimal difference in results from the baseline condition. Water age increases in 
the College corridor due mainly to the increase in storage volume in the area. Additionally, 
recommended transmission pipelines in Alternatives 1 and 2 for the rezone are not included in 
this alternative, which might limit flow from/to the new at-hydraulic-grade tank under this 
alternative. As previously discussed, water age results are highly dependent on facility 
operations; therefore, water age is anticipated to vary throughout the year.  
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 Figure 23  Minimum Pressures under 2028 PHD Conditions - Alternative 3, S07 and S19 Offline
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 Figure 24  Change in Minimum Pressures from 2022 PHD Baseline to 2028 PHD Alternative 3 Conditions,
S07 and S19 Offline
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Figure 25 Intelco Tank Level under 2028 PHD Conditions - Alternative 3 
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 Figure 26  Residual Pressure under 2028 MDD plus Fire Flow Conditions - 337 PZ Alternative 3,
S07 and S19 Offline
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Section 7 

LIFE-CYCLE COSTS AND CAPITAL COSTS  

This section summarizes the cost assumptions used to develop costs for each alternative. These 
costs were used to compare the alternatives.  

When possible, life-cycle costs are generated for new infrastructure to help select preferred 
improvements. Life-cycle costs include both capital costs and operations and 
maintenance (O&M) costs over a 50-year period. Capital costs are costs for new infrastructures, 
whereas O&M costs are for operating and maintaining new facilities.  

The following capital costs assumptions are discussed in subsequent sections: 

• Supply. 
• Transmission. 
• Treatment. 
• Booster Pump Stations. 
• Storage. 
• Land acquisition. 

The following items were collected and used to develop operations and maintenance costs: 

• Energy. 
• City staff effort. 
• Pump station rehabilitation. 
• Tank recoating. 
• Valve maintenance. 

7.1   Cost Estimating Methodology Assumptions 

Cost estimates were developed for each alternative's supply, transmission, and treatment 
components. These costs are planning-level estimates only and should be refined during 
pre-design.  

The cost estimates developed in this chapter are American Association of Cost Engineers (AACE) 
Class 4 estimates, which are budget-level estimates. Actual costs may vary from these estimates 
by -30 percent to +50 percent.  

Project costs are also planning-level projections based on approximate average costs for similar 
projects.  

All capital costs are in May 2018 dollars, inflated to the year the project is expected to be 
constructed in. The Engineering News Record's (ENR) US 20-City Construction Cost Index for 
May 2018 is 11013. O&M costs were inflated to the year the operation or maintenance will be 
performed. 

The annual construction cost inflation rate of 3.0 percent is applied to the life-cycle costs.  
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7.2   Capital Cost Assumptions 

The unit costs in this section were used to develop construction costs for each alternative. To 
develop the total project cost, construction costs were inflated using the cost factors shown in 
Table 4. 

Table 4 Cost Factors 

Cost Factor Description Factor 

All Projects 

Contingency Costs that may occur due to uncertainty in 
project scope and conditions. 

30% 

Water Main Replacement Projects 

City of Lacey staff, project 
and construction engineering 
finance codes 

Costs for a project's in-house planning, design, 
and construction administration. 

19%  

Other Costs for connection and permitting fees, 
easements, land acquisition, advertising, and 
finance administrative fee. 

6% 

Water Well Projects 

City and consultant, project 
and construction engineering 
finance codes 

Costs for a project's studies, planning, design, 
and construction administration. 

35%  

Other Costs for connection and permitting fees, 
easements, land acquisition, advertising, and 
finance administrative fee. 

6% 

Booster Pump Station & Reservoir Projects 

City and consultant, project 
and construction engineering 
finance codes 

Costs for a project's studies, planning, design, 
and construction administration. 

40% 

Other Costs for connection and permitting fees, 
easements, land acquisition, advertising, and 
finance administrative fee. 

5% 

7.2.1   Supply  

The cost to add a VFD to the Source 10 well pump was assumed to be $50,000 using previous 
projects and engineer's estimates. 

7.2.2   Transmission 

Table 5 shows transmission main unit construction costs. These unit costs assume open-trench 
construction and include pavement cutting, excavation, hauling, shoring, pipe materials and 
installation, backfill material and installation, and a minimum pavement replacement of half the 
street. These costs also assume that main pipelines less than 12 inches in diameter are polyvinyl 
chloride (PVC) and mains 12 inches and greater are ductile iron. The unit costs are for "typical" 
field conditions with construction in stable soil at a depth ranging from three to five feet. 
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Acquisition, easements, and right-of-ways (ROWs) may be required for some of the 
recommended projects. For these cost estimates, pipeline corridors were assumed to be in a 
public ROW and do not require land acquisition.  

Table 5 Transmission Costs 

Element Unit(1) 
Unit Construction Cost  

($/LF)(1) 

8-inch Pipe LF $180 

10-inch Pipe LF $200 

12-inch Pipe LF $220 

16-inch Pipe LF $240 

18-inch Pipe LF $260 

24-inch Pipe LF $310 
Note:  
(1) LF: linear feet. 

7.2.3   Controls Valves 

Check valves were recommended for isolating the Rezone in Alternatives 1 and 2. Construction 
costs of $75,000 per valve were used based on past experience. It was assumed a total of 
10 valves would be required to isolate the Rezone area.  

As previously stated, a surge or pressure reducing valve is recommended for the Rezone to 
prevent over pressurization in the event of a pump station control failure. The valve was 
assumed to be incorporated within the 380 PZ pump station and was not separately costed. 

7.2.4   Treatment 

No treatment project costs were included in the 337 PZ study. 

7.2.5   Booster Pump Stations 

BPS costs were included for ground reservoirs in some alternatives for both 337 PZ and 400 PZ. 
BPS construction costs were estimated using a unit construction cost based on each pump's 
number of pumps and horsepower (hp).  

Table 6 lists the unit construction costs used. Unit construction costs include site work, pumps, a 
structure, all mechanical and electrical equipment, and a back-up generator. The cost to add a 
VFD was assumed to be $50,000 using previous projects and engineer's estimates. 

Table 6 Pump Station Costs 

Horsepower Unit Unit Construction Cost 

0 to 199 hp Per hp per Pump $8,200 

200 to 349 hp Per hp per Pump $3,300 

350 to 649 hp Per hp per Pump $2,500 

>650 hp Per hp per Pump $1,700 
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7.2.6   Storage 

New storage reservoir project costs were developed based on typical costs from past projects 
and Carollo's experience. Conceptual costs for reservoirs vary based on the type of storage: 
ground, standpipe, and elevated.  

These costs were estimated using reservoir volume in gallons, as presented in Table 7. Reservoir 
costs are sensitive to site-specific geotechnical and seismic considerations; as a result, Carollo 
recommends conducting a reservoir siting study to address these issues.  

Table 7 Reservoir Costs 

Reservoir Type 
Cost per gallon  

($/gallon) 

Ground $1.20 

Standpipe $2.00 

Elevated $4.00 
Note: 
(1) Reservoir unit costs are for construction only. 

7.2.7   Land Acquisition 

No alternatives required land acquisition. 

7.3   Operation and Maintenance Costs 

7.3.1   Energy 

The City provided an estimate of energy costs at $0.11/ kilowatt hour (kWh), or $0.0002 per 
gallon pumped. The life cycle for the pump stations and tanks are assumed to be 50 years.  

Each pump's conceptual hp was calculated based on the facility's hydraulics. Pumps were sized 
based on hydraulic modeling conducted during the MDD. The following pump efficiencies and 
treatment facility head loss characteristics were applied to size the pump's hp: 

• Using the City's typical energy consumption, energy costs for Alternatives 1 and 2 were 
assumed to be $0.11 per kWh.  

• Energy costs for all Alternatives assumes $100 per month for general electrical costs 
(instrumentation, supervisory control and data acquisition [SCADA], site lighting, etc.).  

• Alternative 337-1 assumes one rezone pump at 75 hp motor is running 365 days per year.  
• Alternative 337-2 assumes one rezone pump at 75 hp motor is running 365 days per year. 

Costs assume one 60 hp motor below-hydraulic-grade reservoir pump running 24 hours 
for 60 days/year.  

• All energy costs assume a 3.0 percent general cost inflation per year, as noted in the 
City's 2013 Water Rate Study. 

7.3.1.1   Booster Pump Stations 

The booster pumps' energy use was calculated using its anticipated design flow rate and design 
head. Pump and motor efficiencies were assumed to be the following:  

• Pump efficiency of 85 percent. 
• Motor efficiency of 90 percent.  
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Horsepower requirements were identified for each BPS based on hydraulic modeling. Booster 
pumps will likely be operated to meet peak demands beyond the average MDD met by supplies. 
Peak demands were calculated using the City's summer diurnal curve, which was based on the 
2016 consumption data shown on Figure 27. For each facility, the pump station's total usage was 
estimated using the hydraulic model. Conservatively, MDD booster station pumping was 
assumed to occur 60 days each year. 

 

Figure 27 2016 Summer Diurnal Curve 

7.3.1.2   Well Pumping 

Well energy use was determined from existing City sources. The following sources represent the 
proposed supply projects and were thus used to size pumps: 

• S02 – Well No. 2. 
• S06 – Well No. 6. 
• S07 – Well No. 7 + ATEC water treatment facility (Iron & Manganese Removal, 

disinfection). 
• S21 – Madrona Well No. 1. 
• S19 – Hawk's Prairie No. 1 + Hawks Prairie Treatment Facility (Iron & Manganese 

removal, Ammonia removal, Hydrogen Sulfide removal, disinfection). 

Disinfection at other wells was assumed to have a negligible impact on well energy use. 

The supply improvements are intended to meet MDD with redundant supplies and operational 
flexibility. Because the goal is more operational flexibility, the total amount of pumping 
throughout the year cannot be predicted. Furthermore, although pumping from new supplies 
may offset existing supplies, calculating this is beyond the scope of the project. As a result, 
energy costs were considered on a $/unit of pumping basis. 

7.3.2   City Labor 

City-provided staff to operate and maintain facilities was estimated for the generalized facilities 
described below. 
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7.3.2.1   Supply 

• Well Supply, Disinfection Only (similar to S29): 204 hours, 0.10 full time 
equivalent (FTE), $18,478.32. 

• Well Supply, Corrosion Control, Disinfection (similar to S04): 245 hours, 0.12 FTE, 
$22,192.10.  

• Well Supply, Iron and Manganese Treatment, Disinfection (similar to Well 7 and 
ATEC system): 3,842 hours, 1.85 FTE, $348,008.36. 

• Well Supply, Iron and Manganese Treatment, Ammonia treatment, Hydrogen Sulfide 
treatment, and disinfection (Similar to S19 and Hawks Prairie Treatment Facility): 
3,655 hours, 1.76 FTE, $331,069.90. 

7.3.2.2   Pumping 

• Large BPS with backup generator (similar to Westside): 161 hours, 0.08 FTE, $14,583.38. 
• Large BPS without backup generator (similar to Hawks Prairie booster): 36 hours, 

0.02 FTE, $3,260.88. 
• Small BPS without backup generator (similar to McAllister/460 BPS): 12 hours, 0.01 FTE, 

$1,086.96.  
• BPS, PZ Transfer (limited use): although none is in the system, operations would run it at 

least once a month, so 12 hours, 0.01 FTE, $1,086.96 was assumed. 

7.3.2.3   Reservoir 

• Below-Hydraulic-Grade Storage (similar to Steilacoom Reservoir): 137 hours, 0.07 FTE, 
$12,409.46. 

• At-Hydraulic-Grade (Elevated) Storage: assumed to have the same labor costs as the 
below-hydraulic-grade storage. 

7.3.2.4   Valves 

• Pressure Reducing Valve Station (similar to PRV15, with SCADA control): 16 hours, 
0.01 FTE, $1,449.28.  

It was assumed all control valves would require similar maintenance. 

Note that isolation valves will likely be exercised through the City's existing valve program with 
negligible commitment needed from new staff. 

Annual labor for new facilities was based on the existing facility that most closely matches the 
proposed facility. A Controls Technician/Water Treatment Plant Operator (WTPO) was assumed 
to perform the work, with a labor cost of $90.58/hour. This cost includes overhead, equipment, 
small tools, and vehicles. 

A 3.0 percent labor cost inflation rate was applied to all labor costs per the 2013 Water Rate Study. 

7.3.3   Pump Station Rehabilitation 

To operate efficiently, pumps require regular preventative maintenance. Typically, this 
maintenance is performed by City staff. Even with preventative maintenance, however, pumps 
and motors require complete replacement every 30 years due to wear. Often, code revisions also 
require modernizing electrical equipment.  
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Pump station rehabilitation projects were assumed to cost 33 percent of the total pump station 
costs (Section 5.1.2.4) every 20 years. Per the City's 2013 Water Rate Study, a 3.0 percent general 
cost inflation was applied. 

7.3.4   Tank Recoating 

Steel water storage tanks typically require periodic recoating every 30 years. To compare 
alternatives, high-level conceptual costs for steel tank recoating were estimated. Unit costs are 
as follows: 

• Tank Recoating: $7.59 / square feet (sf). 
• Overspray Protection. 
• Elevated Tank Surcharge.  

These general costs include basic preparation, containment, coating material, installation, and 
restoration of tank appurtenances. Note that recoating material costs vary depending on the 
material and aesthetic specifications. Costs do not include the cost to repair corrosion or other 
surface damage and to replace damaged appurtenances. Complex surfaces, such as a 
multi-legged elevated tank, may incur additional costs due to the increased contractor effort.  

Tank recoating costs should be refined during planning and predesign of any future reservoir. Per 
the City's 2013 Water Rate Study, a 3.0 percent general cost inflation was applied. 

7.3.5   Valve Maintenance 

The City contracts with GC Systems to rebuild its PRVs every five years, with an average cost of 
$2,000/valve. On average, proposed PRV and check valve stations are anticipated to require 
similar maintenance costs. It was assumed all control valves (check, surge, etc.) would require 
similar maintenance.  

7.4   337-PZ Alternative Costs Summary 

The resulting costs for the three alternatives are shown in Table 7. Capital costs are split into 
tank costs and rezone costs. Detailed costs for each alternative can be found in Appendix B. 

Table 8 Summary Costs – 337-PZ Alternative 

Costs 
337 PZ  

Alternative 1 
337 PZ  

Alternative 2 
337 PZ  

Alternative 3 

Capital Costs       

Tank Costs $5,959,200  $3,595,600  $6,070,200  

Rezone Costs $4,440,300  $5,447,700  $0  

Total Capital Costs $10,399,500  $9,043,300  $6,070,200  

O&M Costs $11,851,000  $13,529,900  $2,327,000  

Total Capital and O&M $22,250,500  $22,573,200  $8,397,200  
Notes:  
(1) Capital costs are in 2022 dollars.  
(2) O&M costs are inflated to the year in which the operation or maintenance is performed, over a 50 year period. 
(3) Total costs rounded to the nearest $100.
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Section 8 

ALTERNATIVES RANKING AND SELECTION 

8.1   Ranking Methodology and Criteria 

To compare the alternatives and help with a recommendation, ranking criteria were developed. 
As shown in Table 9 below, the team scored each criterion between 1 and 5; a score of 1 was the 
worst, and a score of 5 was the best. To calculate a total score, the number was multiplied by the 
weight.  

Lifecycle costs for each alternative were also evaluated, including capital costs and costs for 
additional operations FTE, power, maintenance, and replacement. The need to repair old mains 
during transition to higher HGL under Alternatives 1 and 2 was also considered but no cost was 
included. 

The goal of this study was to increase pressure to customers along the College Corridor. Thus, as 
part of the study, pressure impact was evaluated for each alternative. The study evaluated the 
number of pressure improvements and constant pressure with minimum fluctuation. 

Water quality was evaluated as well. The alternatives' effects on water quality, such as whether it 
would improve, worsen, or not affect quality, were assessed. The age of the water, chlorine 
demand, and oxidation of manganese in the reservoir and distribution system were also 
considered, as were changes to source water movement and mixing in the distribution system, 
pH, corrosion, tank turnover, temperature, and nitrates.  

Lastly, the alternatives' O&M were evaluated, including whether the alternative improved or 
complicated operations, what impacts its O&M would have on the overall system, and how safe 
and easy it is to operate, maintain, and replace the new infrastructure.  

Table 9 337 PZ Alternatives Ranking 

Criteria Weight Alt 1 Alt 2 Alt 3 

Life Cycle Costs 20% 2 3 5 

Pressure 30% 5 5 3 

Water Quality 30% 2 3 4 

O&M  20% 2 1 4 

Weighted Total 100% 2.90 3.20 3.90 
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8.2   Recommended Alternative 

Based on the above ranking, the City selected Alternative 3 Elevated 337 PZ Tank for pre-design 
and implementation based on its superior ranking. The Alternative is described as follows: 

• Tank Type: at-hydraulic-grade. 
• Storage Capacity = 0.75 MG. 
• Tank overflow elevation: 337 ft to match 337 PZ's HGL. 
• Approximately 150 ft of 16-inch diameter field piping connect the Intelco tank to the 

337 PZ. 

The alternative has a capital cost of $6,070,200. O&M costs over 50 years are anticipated to be 
$2,327,000.  

Alternative 3 provides additional storage, reduces current temporary pressure sags in the area, 
and will help simplify operational complexity of nearby infrastructure. The new 
at-hydraulic-grade Intelco tank reservoir will meet College Street Corridor demand for short 
periods without pumping. This allows nearby infrastructure more flexibility in operation. Further, 
Infrastructure in the College Street Corridor can be operated from the proposed Intelco 
Reservoir, rather than Steilacoom Reservoir. This should greatly reduce the temporary pressure 
sags that can occur with current operations. However, Alternative 3 does not significantly 
increase low pressures in the College Corridor.  
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Abbreviations 
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City City of Lacey 

EPS extended period simulation 
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Section 1 

SYSTEM CONTROLS 
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1.2.2.2   Water Supply 
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1.3   Current System Operations 
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under static conditions open under  conditions. Primary control facilities were 

determine order were   

Table .  and Table .  list 
pump stations 
pressures zones. 

Table .  400 PZ Supply Order 

Supply 
Facility 

Primary Control 
Facility    

 
  

 

      

      

      

      

      

PS    -- -- 
       

      

      

      
      

Notes: 
 Source:  
  
 . 
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Table .  337 PZ Supply Order 

Supply Facility 
Primary Control 

Facility    
Open 

   
Closed 

 

 Steilacoom      

      

      

      

      

    -- -- 
      

      

    -- -- 

    -- -- 

    -- -- 

    -- -- 

    -- -- 

      

West Side PS    -- -- 

Station 
   -- -- 

PS    -- -- 
Notes: 

 Source: Model. 
  

1.4   Future Supply Projects 

In    implement 
study section and 

 made to   
and control  all   

1.4.1   Existing Supply Model Updates  

T entirely ref
model.  facility operations are updated 

Table .  
. 
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Table .  Existing Well Capacity Model Update 

Well No.  
Initial Model 

Capacity   
Updated Model 

Capacity   

    

    

    

    

    

    

    

    

    

    

    

    

    

    

     

     

    

    

    
Notes: 

 Source: City of Lacey Water Dist  
 Source: City of Lacey Staff input. 
    

1.4.2   Planned Supply Improvements 

.  
 

model. Planne

: 

 
 ]  

   of supply. 
 

  
Facility  
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 of 
supply. 

 
  of supply. 

 out of 
 

 In order to meet operational criteria Well draulic 
 controls were disabled. 

1.4.3   Ability to Serve Supply Project Alternatives 

Four sup
raulic model analysis only  

s will be modeled for  analysis preferred 
  

  
 Table .  

.  

Table .  Planned Well Capacity 

Well No.  
Planned Capacity 

 
Implementation Year 

    
    
    

    
   
    
    

    
Notes: 

 . 
  

 
facility operations be : 

 
  

 are to supply an additional 
  to  

1.4.4   Planned Pipeline Improvements 

 -
-term scenarios: 
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 Mullen Roa  
  
  
 Impala Water Main Replacement. 
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Disclaimer: Features shown in this 
figure are for planning purposes and 
represent approximate locations. 
Engineering and/or survey accuracy
is not implied.

Data Sources: City of Lacey, 
Thurston County, WA.

 Figure 1 2  Planned Supply Improvements

2021, New Marvin Rd Well, limited by HPWTF.
Additional Supply = 200 gpm

2019, S19 Pump Improvements
and S31 Back Online.

Additional Supply = 980 gpm

2028, Hawks Prarie Treament
Facility Expansion. 

Additional Supply = 800 gpm

2019, Wells 15 & 16 Improvements. 
Additional Supply = 110 gpm

2022, S01 Replacement
Well in Service. 

Additional Supply = 665 gpm
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1.5   400 PZ Storage Study 

   summer for 

 two . 
 fire protection to 

 
 

Table .  
Table .

its 

Study.  

Table .  400 PZ's Fire Suppression Storage Balance 

Pressure 
 

Total 
Capacity 

 
Suppression 

  

Required Fire 
Suppression 

  

Fire Suppression 

 

 

online 
    

 w/ 

 offline 
   -  

Notes:
 Source:  
  

1.5.1   400 PZ Alternative Descriptions 

 

 -  facilities: 
-   
- Construct a pump station at McAllister or Steilacoom pump station is 

to access dead sto  
. Transmission mains additional flow from 

. 
pump station is r

 
 -   

-  
- Construct an at- - de  

 cility will be referred to as S  in 
. To 

 MG.   MG to 
additional for equalization. 
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 -   
- Construct a below- -  

 
 fire suppression  and add 

some additional for equalization . 

1.5.2   400 PZ Operation Changes 

facility and  
 a  

is offline: 

 Well   .  
 ontrols r were modified. 

wells will continue to be controlled 
 C   

. 
 Planned  

  
Prairie  facilities will be operated to ensures sufficient 

pressure and 
 

1.5.2.1   Alternative 400-1 

 -  
: 

 Planned  
- If J-  open. 
- If J-   Well is closed. 

 ontrols: 
- If J-  
- If J-  

  
- If J-   
- If J-   

 controls: 
- If J-   
- If J-    

 Modify : 
- If J-  
- If J-  

 : 
- If J-  
- If J-  
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 : 
- If J-  
- If J-  is closed. 

 McAllister PS controls: 
- PS 

 
- PS 

 
  

 

1.5.2.2   Alternative 400-2 

-  
:  

 Planned controls: 
-  ft . 
-  ft Well is closed. 

 controls: 
- ft  
- ft  

  
-   ft  
- ft  

 ontrols: 
- ol Tan   ft  
-  ft  

 Modif  controls related to  
-  ft  
-   ft  ontrols is 

satisfied. 
 Modif  : 

-  ft  
-  ft  ontrols is 

satisfied. 
  : 

-  ft  is open. 
-  ft  is closed. ontrols is 

satisfied. 
  

1.5.2.3   Alternative 400-3(while Hawks Prairie Reservoir is offline): 

-  

  
- ft  
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- ft  
  

- ft  
- ft  

 
 

  

1.6   337 PZ Facilities and Pressure Study 

Typica

operational  conditions. is 
required to maintain 
day demand plus fire flow . One 
Pressure Study is to perform an alternat  
near-term and future conditions. .  

 

deficien

  Facilities and Pressure Study. 
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Disclaimer: Features shown in this 
figure are for planning purposes and 
represent approximate locations. 
Engineering and/or survey accuracy
is not implied.

Data Sources: City of Lacey, 
Thurston County, WA.

 Figure 1 3 Static Pressure
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1.6.1   337 PZ Alternative Descriptions 

 

 -  facilities: 
- 

conditions.  
rezone 

 
- Construct a  MG at- -  Intelco property site. 

- -
   

- Construct a pump station 
 PS  

 PS will be sized to supply domestic water demands 
.  

 -  facilities: 
- e new pressure zone 

rezone.  
- Construct a below- -  t  

below- - rade 
s pump station is required 

  . 
- Construct a  : 

 set PS. 

PS  
 set PS. 

elow- -  
and domestic purposes.  

 - acilities: 
- Construct  MG at- -  

be at t   .  
- 

 
-  is considered acceptable if pressures are maintained  psi 

  . 
  

-  plan  
 

- 
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1.6.2   337 PZ Operational Changes 

 ed and . 
Model updates are described  

 

  
 

  

1.6.2.1   Alternative 337-1 

 -  

 rols: 
- ft  
- ft  

  
-  ft  
-  ft s closed. 

  
-  ft  
-  ft  

  
-  ft  
-  ft  

  
-  flow from 

  . 
 

- ft
 occur 

conditions.  
- 

 
- 

 
 PS controls: 

- aintain a minimum pressure 
 

- T PS  

1.6.2.2   Alternative 337-2 

- : 

  
- ft  
- ft  
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- ft  is open. 
- ft  

  
- ft  
- ft  

  
- ft  
- ft  

  
-  flow from 

 
 

- ft

conditions.  
- 

 
- 

 
 PS controls: 

- maintain a minimum pressure 
 

- T PS  
 PS Pump ontrols: 

- If J- ft 
 

- If J- ft 
 

 PS  
- If J- ft 

 
- If J- ft 

 
 inlet  controls : 

- inlet  as a to maintain a 
 psi . 

- PS is closed and upstream pressu  inlet 
e is open. 

- PS is open or upstream pressu  inlet 
 

1.6.2.3   Alternative 337-3 

- : 

  
- ft  



SYSTEM OPERATIONS AND MODEL UPDATE | CITY OF LACEY 

FINAL |  | -  

- ft  
  

- ft  
- ft  

  
- ft  
- ft  

  
- .  
- ft  
- ft  

1.7   Conclusion 

e model facility and operational 
update discussed . Operational updates 

 
 





SYSTEM OPERATIONS AND MODEL UPDATE | CITY OF LACEY 

FINAL |  

Appendix 1 
MODEL CONTROLS 





Table 1    Existing Model Control and Logic Summary

If Hawks Prairie Tank level is below 10 feet.
Then 400 PZ PS #1 is closed.
And 400 PZ PS #2 is closed.
If 400 PZ PS  flow is below 300 gpm.
And 400 PZ PS #2 is closed.
And 400 PZ PS #1 is open.
Then 400 PZ PS #1 is closed.
And Hawks Prairie Tank Valve is open.
If J-1280 pressure is below 36 psi.
And Hawks Prairie Tank level is above 15 feet.
Then 400 PZ PS #1 is open.
And Hawks Prairie Tank Valve is closed.
If 400 PZ PS  flow is below 900 gpm.
And 400 PZ PS #3 is closed.
Then 400 PZ PS #2 is closed.
If J-1280 pressure is below 38 psi.
And Hawks Prairie Tank level is above 15 feet.
And 400 PZ PS #1 is open.
Then 400 PZ PS #2 is open.
If Hawks Prairie Tank level is below 20 feet.
Then 400 PZ PS #3 is closed.
And 400 PZ PS #4 is closed.
If 400 PZ PS  flow is below 1,800 gpm.
And 400 PZ PS #4 is closed.
Then 400 PZ PS #3 is closed.
If  J-1280 pressure is below 38 psi.
And Hawks Prairie Tank level is above 25 feet.
And 400 PZ PS #2 is open.
Then 400 PZ PS #3 is open.
If  400 PZ PS flow is below 3,000 gpm.
Then 400 PZ PS #4 is closed.
If  J-1280 pressure is below 38 psi.
And Hawks Prairie Tank level is above 25 feet.
And 400 PZ PS #3 is open.
Then 400 PZ PS #4 is open.
If Judd Hill Tank level is below 10 feet.
Then Judd Hill PS  is closed.

400 PZ PS #3 Off

400 PZ PS #3 On

400 PZ PS #4 Off

400 PZ PS #4 On

Judd Hill PS Lockout

400 PZ PS #1 and #2 
Lockout

400 PZ PS #1 Off

400 PZ PS # 1 On

400 PZ PS #2 Off

400 PZ PS #2 On

400 PZ PS #3 and #4 
Lockout

Control Name Control Rules/Logic



Table 1    Existing Model Control and Logic Summary

Control Name Control Rules/Logic
If  Judd Hill Tank level is above 15 feet.
And J-106 pressure is below 26 psi.
Then Judd Hill PS  is open.
If  time is   8:00 AM.
Or  time is  8:00 PM.
Then Judd Hill PS  is closed.
If  time is   5:30 AM.
Or  time is  5:30 PM.
And Judd Hill Tank level is above 15 feet.
If Westside PS flow is below 250 gpm.
And Westside PS Jockey is open.
Then Westside PS Jockey is closed.
And Westside Tank Valve is open.
If J-1256 pressure is below 38 psi.
And Westside Tank level is above 20 feet.
And Westside PS #1 is closed.
And Westside PS Jockey is closed.
Then Westside PS Jockey is open.
And Westside Tank Valve is closed.
If Westside Tank level is below 10 feet.
Then Westside PS Jockey is closed.
And Westside PS #1 is closed.
And Westside PS #2 is closed.
And Westside PS #1 is closed.
If  Westside PS flow is below 900 gpm.
And Westside PS #2 is closed.
And Westside PS #1 is open.
Then Westside PS #1 is closed.
And Westside PS Jockey is open.
If J-1256 pressure is below 36 psi.
And Westside Tank level is above 20 feet.
And Westside PS Jockey is open.
Then Westside PS #1 is open.
And Westside PS Jockey is closed.
If  Westside PS flow is below 1,900 gpm.
And Westside PS #3 is closed.
Then Westside PS #2 is closed.

Westside PS Jockey Off

Westside PS Jockey On

Judd Hill PS On 

Judd Hill PS Off

Judd Hill PS Timer

Westside PS Lockout

Westside PS #1 Off

Westside PS #1 On

Westside PS #2 Off



Table 1    Existing Model Control and Logic Summary

Control Name Control Rules/Logic
If J-1256 pressure is below 32 psi.
And Westside Tank level is above 20 feet.
And Westside PS #1 is open.
Then Westside PS #2 is open.
If  Westside PS flow is below 3,000 gpm.
Then Westside PS #3 is closed.
If  J-1256 pressure is below 32 psi.
And Westside Tank level is above 20 feet.
And  Westside PS #2 is open.
Then Westside PS #3 is open.
If Well 19 is open.
And Hawks Prairie Clearwell level is below 11 feet.
Then Hawks Prairie Treatment Facility Pump 1 is closed.
If Well 19 is open.
And Hawks Prairie Clearwell level is above 12 feet.
Then Hawks Prairie Treatment Facility Pump 1 is open.
If Well 31 is open.
And Hawks Prairie Clearwell level is below 11 feet.
Then Hawks Prairie Treatment Facility Pump 2 is closed.
If  Well 31 is open.
And Hawks Prairie Clearwell level is above 12 feet.
Then Hawks Prairie Treatment Facility Pump 2 is open.
If Steilacoom Tank level is below 0 feet.
Or Union Mills Tank level is below 0 feet.
Then Britton Parkway Valve is open.
And Britton Parkway PRV Large is closed.
Else Britton Parkway PRV Large is open.
And Britton Parkway Valve is closed.
If Steilacoom Tank level is below 63.5 feet.
Or Union Mills Tank level is below 53 feet.
Then Galaxy FCV is open.
And Galaxy PRV is closed.
Else Galaxy PRV is open.
And Galaxy FCV is closed.

Westside PS #3 On

Hawks Prairie Treatment 
Facility Low Lift Pump #1 Off

Hawks Prairie Treatment 
Facility Low Lift Pump #1 On

Hawks Prairie Treatment 
Facility Low Lift Pump #2 
Off

Hawks Prairie Treatment 
Facility Low Lift Pump #2 On

Westside PS #2 On

Westside PS #3 Off

Britton Parkway PRV Station 
Controls

Galaxy PRV Station Controls



Table 1    Existing Model Control and Logic Summary

Control Name Control Rules/Logic
If Steilacoom Tank level is below 0 feet.
Or Union Mills Tank level is below 0 feet.
Then Marvin Road FCV is open.
And Marvin Road PRV is closed.
Else Marvin Road PRV is open.
And Marvin Road FCV is closed.
If Steilacoom Tank level is below 60 feet.
Or Union Mills Tank level is below 50 feet.
Then Mt. Aire FCV is open.
And Mt. Aire PRV is closed.
Else Mt. Aire PRV is open.
And Mt. Aire FCV is closed.
If Steilacoom Tank level is below 64.5 feet.
Or Union Mills Tank level is below 58 feet.
Then Mugho FCV is open.
And Mugho PRV is closed.
Else Mugho PRV is open.
And Mugho FCV is closed.
If Westside PS Jockey is closed.
And Westside PS #3 is closed.
And Westside PS #2 is closed.
And Westside PS #1 is closed.
Then Westide Tank control valve is open.
Else Westide Tank control valve is closed.
If Steilacoom Tank level is above 65 feet.
And Union Mills Tank level is above 60 feet.
Then Well 1 is closed.
If Steilacoom Tank level is below 63 feet.
Or Union Mills Tank level is below 56 feet.
Or J-5456 pressure is below 60 psi.
Then Well 1 is open.
If Steilacoom Tank level is above 66.5 feet.
And Union Mills Tank level is above 58 feet.
And Westside Tank level is above 36 feet.
Then Well 10 is closed.

Well 1 Off

Well 1 On

Well 10 Off

Marvin Road PRV Station 
Controls

Mt. Aire PRV Station 
Controls

Mugho PRV Station Controls

Westside Tank Lockout



Table 1    Existing Model Control and Logic Summary

Control Name Control Rules/Logic
If Steilacoom Tank level is below 64 feet.
Or Union Mills Tank level is below 56 feet.
Or Westside Tank level is below 30 feet.
Then Well 10 is open.
If Hawks Prairie Tank level is above 82 feet.
Then Well 15 is closed.
If Hawks Prairie Tank level is below 78 feet.
Then Well 15 is open.
If Hawks Prairie Tank level is above 82 feet.
Then Well 16 is closed.
If Hawks Prairie Tank level is below 78 feet.
Then Well 16 is open.
If  Hawks Prairie Tank level is above 84 feet.
Then Well 19 is closed.
And Hawks Prairie Treatment Facility Pump 1 is closed.
If Hawks Prairie Tank level is below 78 feet.
Then Well 19 is open.
If Steilacoom Tank level is above 67.5 feet.
And Union Mills Tank level is above 60 feet.
And Westside Tank level is above 39 feet.
Then Well 2 is closed.
If Steilacoom Tank level is below 64.5 feet.
Or Union Mills Tank level is below 58 feet.
Or Westside Tank level is below 35 feet.
Or J-5456 pressure is below 62 psi.
Then Well 2 is open.
If McAllister Tank level is above 96.5 feet.
Then Well 20 is closed.
If McAllister Tank level is below 92 feet.
Then Well 20 is open.
If Hawks Prairie Tank level is above 74 feet.
And McAllister Tank level is above 94 feet.
And Steilacoom Tank level is above 1 feet.
And Union Mills Tank level is above 1 feet.
Then Well 21 is closed.

Well 10 On

Well 15 Off

Well 15 On

Well 2 On

Well 20 Off

Well 20 On

Well 21 Off

Well 16 Off

Well 16 On

Well 19 Off

Well 19 On

Well 2 Off



Table 1    Existing Model Control and Logic Summary

Control Name Control Rules/Logic
If Hawks Prairie Tank level is below 70 feet.
Or McAllister Tank level is below 92 feet.
Or Steilacoom Tank level is below 0 feet.
Or Union Mills Tank level is below 0 feet.
Then Well 21 is open.
If Hawks Prairie Tank level is above 74 feet.
And McAllister Tank level is above 94 feet.
And Steilacoom Tank level is above 62 feet.
And Union Mills Tank level is above 52 feet.
Then Well 22 is closed.
If Hawks Prairie Tank level is below 70 feet.
Or McAllister Tank level is below 92 feet.
Or Steilacoom Tank level is below 60 feet.
Or Union Mills Tank level is below 50 feet.
Then Well 22 is open.
If Nisqually Tank  level is above 26 feet.
Then Well 24 is closed.
If Nisqually Tank  level is below 24 feet.
Then Well 24 is open.
If Nisqually Tank  level is above 26 feet.
Then Well 25 is closed.
If Nisqually Tank  level is below 24 feet.
Then Well 25 is open.
If McAllister Tank level is above 95 feet.
And Steilacoom Tank level is above 66 feet.
And Union Mills Tank level is above 60 feet.
Then Well 27 is closed.
If McAllister Tank level is below 93 feet.
Or Steilacoom Tank level is below 64.5 feet.
Or Union Mills Tank level is below 58 feet.
Then Well 27 is open.
If Hawks Prairie Tank level is above 50 feet.
And McAllister Tank level is above 95 feet.
And Steilacoom Tank level is above 63.5 feet.
And Union Mills Tank level is above 56 feet.
Then Well 28 is closed.

Well 21 On

Well 22 Off

Well 27 On

Well 28 Off

Well 22 On

Well 24 Off

Well 24 On

Well 25 Off

Well 25 On

Well 27 Off



Table 1    Existing Model Control and Logic Summary

Control Name Control Rules/Logic
If Hawks Prairie Tank level is below 40 feet.
Or McAllister Tank level is below 91 feet.
Or Steilacoom Tank level is below 61.5 feet.
Or Union Mills Tank level is below 53 feet.
Then Well 28 is open.
If Hawks Prairie Tank level is above 80 feet.
Then Well 29 is closed.
If Hawks Prairie Tank level is below 77 feet.
Then Well 29 is open.
If Steilacoom Tank level is above 67 feet.
And Union Mills Tank level is above 60.5 feet.
And Westside Tank level is above 38 feet.
Then Well 3 is closed.
If Steilacoom Tank level is below 64 feet.
Or Union Mills Tank level is below 57 feet.
Or Westside Tank level is below 34 feet.
Or J-5456 pressure is below 68 psi.
Then Well 3 is open.
If  Hawks Prairie Tank level is above 78 feet.
Then Well 31 is closed.
And Hawks Prairie Treatment Facility Pump 2 is closed.
If Hawks Prairie Tank level is below 65 feet.
Then Well 31 is open.
If Steilacoom Tank level is above 66 feet.
And Union Mills Tank level is above 59 feet.
And Westside Tank level is above 38 feet.
Then Well 4 is closed.

Well 28 On

Well 29 Off

Well 29 On 

Well 3 Off

Well 3 On

Well 31 Off

Well 31 On

Well 4 Off



Table 1    Existing Model Control and Logic Summary

Control Name Control Rules/Logic
If Steilacoom Tank level is below 65 feet.
Or Union Mills Tank level is below 53 feet.
Or Westside Tank level is below 20 feet.
Then Well 4 is open.
If  Steilacoom Tank level is above 63 feet.
And Union Mills Tank level is above 55 feet.
And Judd Hill Tank level is above 50 feet.
Then Well 6 is closed.
If  Steilacoom Tank level is below 58 feet.
Or Union Mills Tank level is below 52 feet.
Or Judd Hill Tank level is below 47 feet.
Then Well 6 is open.
If Steilacoom Tank level is below 58 feet.
Or Union Mills Tank level is below 52 feet.
Then Well 6 is open.
Else Well 6 is closed.
If Steilacoom Tank level is above 66.5 feet.
And Union Mills Tank level is above 59 feet.
Then Well 7 is closed.
If Steilacoom Tank level is below 64.5 feet.
Or Union Mills Tank level is below 56 feet.
Then Well 7 is open.
If Steilacoom Tank level is above 65 feet.
And Union Mills Tank level is above 56 feet.
And  time is  9:30 AM.
Then Well 9 is closed.
If Steilacoom Tank level is below 61.5 feet.
Or Union Mills Tank level is below 53 feet.
Or  time is  7:30 AM.
Then Well 9 is open.

Well 6 On

Well 6 Valve Controls

Well 7 Off

Well 7 On

Well 9 Off

Well 9 On

Well 4 On

Well 6 Off
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Appendix B 
DETAILED COST ESTIMATE





City of Lacey

337 PZ Pressure and Storage Study

Cost Estimate for Alternatives

Assumptions

All preliminary Capital costs are in 2018 dollars. Cost estimate made in: 2018

To update Capital Costs to future value, enter inflation rate: 3.00%

Capital Costs

Transmission Costs
Element Unit

Unit Construction Cost 

($/LF)

16-inch Pipe LF $240 

20-inch Pipe LF $277 

24-inch Pipe LF $310 

Pump Station Costs Horsepower Unit Unit Construction Cost

0 to 199 HP Per HP per Pump $8,200 

Hawks Prarie Facility Improvement Cost Unit

$250,000 each

Storage Costs
Reservoir Type

Cost per gallon 

($/gallon)

Standpipe $2.00 

Elevated $4 



APPENDIX B

337 PZ Pressure and Storage Study

Life Cycle Cost Assumptions

Lacey 337 PZ - Life Cycle Costs Annual 2018 Yearly

50-Yr (2022-

2072)

Quantity Unit $/Unit % Escalation Total

Energy Costs

Energy Costs - Alt 337-1 472,545 kWh $0.11 3.00% $6,797,027

Energy Costs - Alt 337-2 533,208 kWh $0.11 3.00% $7,669,596

Energy Costs - Alt 337-3 10,920 kWh $0.11 3.00% $157,072

50-Yr

City Staff Effort Total

Large Booster Pump Station, with backup generator 0.080 FTE $182,292 3.00% $1,906,959

Below Hydraulic Grade Storage 0.070 FTE $177,278 3.00% $1,622,692

Elevated Storage 0.070 FTE $177,278 3.00% $1,622,692

2052

Tank Recoating (Every 30 Years) - Alt 2 26,399 SF $7.59 3.00% $547,207

Pump Station Rehab 2052

0 to 199 HP - Steilacoom PS 110 LF $2,706 3.00% $813,179



Project ID: 337-1

Project Name: 337 PZ Alternative 1

Project Description:

City of Lacey

337 PZ Facilities & Pressure Study

- Rezone the College Corridor. The new pressure zone will be referred to as 380 PZ. Check valves will be installed to isolate 380 PZ from 337 PZ during normal operating conditions. The check valves 

will open in the event of low pressures in 380 PZ. The rezone boundaries will be developed to capture areas with low pressures. The actual boundaries will be developed later during hydraulic 

model alternative analysis.

- Construct an elevated tank on the Intelco property site. This proposed elevated tank will be referred to as Intelco Elevated Tank. The elevated tank at-hydraulic-grade in 337 PZ.

- Construct a pump station on the Intelco property site. This new facility will be referred to as 380 PZ Pump Station. The proposed pump station will move water from 337 PZ to the new 380 PZ. The 

380 PZ Pump Station will be sized to supply domestic water demands within 380 PZ.



Project ID: 337-1

Project Name: 337 PZ Alternative 1

City of Lacey

337 PZ Facilities & Pressure Study

Project Cost Estimate:

City Project 

and Constr. 

Eng

Contingency Other

40% 30% 5%

19% 6%

R 75 Per HP per Pump 8,200$             Capital 615,000$        246,000$        184,500$        30,750$                   1,076,250$        

R 500 LF 220$                Capital 110,000$        20,900$          33,000$          6,600$                     170,500$            

T 750,000 gallon 4.00$               Capital 3,000,000$     1,200,000$     900,000$        150,000$                 5,250,000$        

T 120 LF 240$                Capital 28,800$          5,472$             8,640$             1,728$                     44,640$              

R 1,200 LF 240$                Capital 288,000$        54,720$          86,400$          17,280$                   446,400$            

R 1,830 LF 220$                Capital 402,600$        76,494$          120,780$        24,156$                   624,030$            

R 925 LF 220$                Capital 203,500$        38,665$          61,050$          12,210$                   315,425$            

R 10 EA 75,000$          Capital 750,000$        300,000$        225,000$        37,500$                   1,312,500$        

1 LS 6,797,027$     O&M 6,797,027$     -$                 -$                 -$                          6,797,027$        

1 LS 163,976$        O&M 163,976$        -$                 -$                 -$                          163,976$            

1 LS 1,906,959$     O&M 1,906,959$     -$                 -$                 -$                          1,906,959$        

1 LS 1,622,692$     O&M 1,622,692$     -$                 -$                 -$                          1,622,692$        

1 LS 813,179$        O&M 813,179$        -$                 -$                 -$                          813,179$            

1 LS 547,207$        O&M 547,207$        -$                 -$                 -$                          547,207$            

21,090,786$      

Notes on Cost Estimation:

Project Element Quantity Unit
Unit Cost 

($/Unit)

Type of Cost 

(Capital/O&M)
Subtotal Total Cost

Water Main Replacement Contingencies-->

380 Booster Pump Station

BPS Field Piping - 12-inch

Business Park Piping Upsize - 12-inch

Rezone Connection Piping - 12-inch

Check Valve - 8-inch

BPS Energy Costs - 50 years

City Staff Effort (BPS) - 50 Years

PS Rehab - 30 Years

City Staff Effort (Tank) - 50 Years

Total Project Cost

See Assumptions tab for details. See Life Cycle costs Tab for O&M costs. Pipe Upsizing uses contingencies for Water Main Replacements as 

shown in Assumptions tab.

Tank Energy Costs - 50 years

Tank Recoating - 30 Years

Intelco Elevated Tank

Tank Field Piping - 16-inch

Business Park Piping Upsize - 16-inch

Go to Assumptions Tab



Project ID: 337-1

Project Name: 337 PZ Alternative 1

City of Lacey

337 PZ Facilities & Pressure Study

Project Timing:

Timing Cost

R Capital 2022 1,211,329$        

R Capital 2022 191,899$            

T Capital 2022 5,908,921$        

T Capital 2022 50,243$              

R Capital 2022 502,427$            

R Capital 2022 702,351$            

R Capital 2022 355,014$            

R Capital 2022 1,477,230$        

-$                    

O&M Varies 6,797,027$        

O&M Varies 163,976$            

O&M Varies 1,906,959$        

O&M Varies 1,622,692$        

O&M Varies 813,179$            

O&M Varies 547,207$            

22,250,455$      

Business Park Piping Upsize - 12-inch

Rezone Connection Piping - 12-inch

Check Valve - 8-inch

City Staff Effort (Tank) - 50 Years

PS Rehab - 30 Years

City Staff Effort (BPS) - 50 Years

BPS Energy Costs - 50 years

380 Booster Pump Station

Project Element

Tank Energy Costs - 50 years

Tank Recoating - 30 Years

Total Project Cost

BPS Field Piping - 12-inch

Intelco Elevated Tank

Tank Field Piping - 16-inch

Business Park Piping Upsize - 16-inch

0



Project ID: 337-2

Project Name: 337 PZ Alternative 2

Project Description:

City of Lacey

337 PZ Facilities & Pressure Study

- Rezone the College Corridor. The new pressure zone is expected to be identical to Alternative 1. 

- Construct a below-hydraulic-grade storage tank on the Intelco property site. This proposed tank will be referred to as Intelco below-hydraulic-grade Tank. Because the tank is below-hydraulic-

grade; therefore, a pump station is required to supply the 337 PZ. The tank will be filled from 337 PZ using a control valve.



Project ID: 337-2

Project Name: 337 PZ Alternative 2

City of Lacey

337 PZ Facilities & Pressure Study

Project Cost Estimate:

City Project 

and Constr. 

Eng

Contingency Other

40% 30% 5%

19% 6%

R 75 Per HP per Pump 8,200$             Capital 615,000$        246,000$        184,500$        30,750$                   1,076,250$     

R 500 LF 220$                Capital 110,000$        20,900$          33,000$          6,600$                     170,500$        

T 1,500,000 gallon 1.20$               Capital 1,800,000$     720,000$        540,000$        90,000$                   3,150,000$     

T 120 LF 240$                Capital 28,800$          5,472$             8,640$             1,728$                     44,640$          

R 60 Per HP per Pump 8,200$             Capital 492,000$        196,800$        147,600$        24,600$                   861,000$        

R 100 LF 220$                Capital 22,000$          4,180$             6,600$             1,320$                     34,100$          

R 1,200 LF 240$                Capital 288,000$        54,720$          86,400$          17,280$                   446,400$        

R 1,830 LF 220$                Capital 402,600$        76,494$          120,780$        24,156$                   624,030$        

R 925 LF 220$                Capital 203,500$        38,665$          61,050$          12,210$                   315,425$        

R 10 EA 75,000$          Capital 750,000$        300,000$        225,000$        37,500$                   1,312,500$     

-$                 -$                 -$                 -$                          -$                 

1 LS 7,669,596$     O&M 7,669,596$     -$                 -$                 -$                          7,669,596$     

1 LS 157,072$        O&M 157,072$        -$                 -$                 -$                          157,072$        

1 LS 1,906,959$     O&M 1,906,959$     -$                 -$                 -$                          1,906,959$     

1 LS 1,622,692$     O&M 1,622,692$     -$                 -$                 -$                          1,622,692$     

2 LS 813,179$        O&M 1,626,358$     -$                 -$                 -$                          1,626,358$     

1 LS 547,207$        O&M 547,207$        -$                 -$                 -$                          547,207$        

21,564,729$   

Notes on Cost Estimation:

337 PZ Booster Pump Station

337 BPS Field Piping - 12-inch

Tank Energy Costs - 50 years

Total Project Cost

City Staff Effort (BPS) - 50 Years

BPS Energy Costs - 50 years

See Assumptions tab for details. See Life Cycle costs Tab for O&M costs. Pipe Upsizing uses contingencies for Water Main Replacements as 

shown in Assumptions tab.

Check Valve - 8-inch

City Staff Effort (Tank) - 50 Years

PS Rehab - 30 Years

Tank Recoating - 30 Years

Intelco Below Hydraulic-Grade Tank

Tank Field Piping - 16-inch

Business Park Piping Upsize - 16-inch

Business Park Piping Upsize - 12-inch

Rezone Connection Piping - 12-inch

Water Main Replacement Contingencies-->

380 Booster Pump Station

380 BPS Field Piping - 12-inch

Project Element Quantity Unit
Unit Cost 

($/Unit)

Type of Cost 

(Capital/O&M)
Subtotal Total Cost

Go to Assumptions Tab



Project ID: 337-2

Project Name: 337 PZ Alternative 2

City of Lacey

337 PZ Facilities & Pressure Study

Project Timing:

Timing Cost

R Capital 2022 1,211,329$     

R Capital 2022 191,899$        

T Capital 2022 3,545,353$     

T Capital 2022 50,243$          

R Capital 2022 969,063$        

R Capital 2022 38,380$          

R Capital 2022 502,427$        

R Capital 2022 702,351$        

R Capital 2022 355,014$        

R Capital 2022 1,477,230$     

-$                 

O&M Varies 7,669,596$     

O&M Varies 157,072$        

O&M Varies 1,906,959$     

O&M Varies 1,622,692$     

O&M Varies 1,626,358$     

Tank Recoating - 30 Years O&M Varies 547,207$        

22,573,173$   

337 PZ Booster Pump Station

Tank Energy Costs - 50 years

City Staff Effort (BPS) - 50 Years

City Staff Effort (Tank) - 50 Years

PS Rehab - 30 Years

Project Element

380 Booster Pump Station

380 BPS Field Piping - 12-inch

Intelco Below Hydraulic-Grade Tank

Tank Field Piping - 16-inch

BPS Energy Costs - 50 years

337 BPS Field Piping - 12-inch

Total Project Cost

Business Park Piping Upsize - 16-inch

Business Park Piping Upsize - 12-inch

Rezone Connection Piping - 12-inch

Check Valve - 8-inch



Project ID: 337-3

Project Name: 337 PZ Alternative 3

Project Description:

City of Lacey

337 PZ Facilities & Pressure Study

- Construct an elevated tank on the Intelco property site. This proposed elevated tank will be referred to as Intelco Elevated Tank. The elevated tank will be at the 337 PZ grade. 

- Upgrade Well 10 (S10) with a VFD. The VFD will help stabilize pressures in the surrounding area.



Project ID: 337-3

Project Name: 337 PZ Alternative 3

City of Lacey

337 PZ Facilities & Pressure Study

Project Cost Estimate:

City Project 

and Constr. 

Eng

Contingency Other

40% 30% 5%

19% 6%

T 750,000 gallon 4.00$     Capital 3,000,000$     1,200,000$     900,000$     150,000$     5,250,000$     

T 150 LF 240$     Capital 36,000$    6,840$     10,800$    2,160$    55,800$    

T 1 LS 50,000$    Capital 50,000$    20,000$    15,000$    2,500$    87,500$    

1 LS 157,072$     O&M 157,072$     -$     -$     -$     157,072$    

1 LS 1,622,692$     O&M 1,622,692$     -$     -$     -$     1,622,692$    

1 LS 547,207$     O&M 547,207$     -$     -$     -$     547,207$    

7,720,271$     

Notes on Cost Estimation:

Project Timing:

Timing Cost

T Capital 2022 5,908,921$     

T Capital 2022 62,803$    

T Capital 2022 98,482$    

-$     

O&M Varies 157,072$     

O&M Varies 1,622,692$     

O&M Varies 547,207$     

8,397,178$     

City Staff Effort (Tank) - 50 Years

Total Project Cost

Tank Recoating - 30 Years

Energy Costs - 50 years

Tank Field Piping - 16-inch

Energy Costs - 50 years

City Staff Effort (Tank) - 50 Years

Tank Recoating - 30 Years

Total Project Cost

See Assumptions tab for details. See Life Cycle costs Tab for O&M costs. Pipe Upsizing uses contingencies for Water Main Replacements as 

shown in Assumptions tab.

Project Element

Project Element Quantity Unit
Unit Cost 

($/Unit)

Type of Cost 

(Capital/O&M)
Subtotal

Well 10 Upgrade - VFD

Well 10 Upgrade - VFD

Total Cost

Water Main Replacement Contingencies-->

Intelco Above Hydraulic Grade Tank

Tank Field Piping - 16-inch

Intelco Above Hydraulic Grade Tank

Go to Assumptions Tab



337 PRESSURE ZONE PRESSURE AND STORAGE STUDY | CITY OF LACEY 

FINAL | DECEMBER 2018

Appendix C 
DETAILED MODELING RESULTS FIGURES 
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Disclaimer: Features shown in this 
figure are for planning purposes and 
represent approximate locations. 
Engineering and/or survey accuracy 
is not implied.

Data Sources: City of Lacey, 
Thurston County, WA.

 Figure 1  Maximum Pressures under 2022 ADD Conditions - Baseline

337 PRESSURE ZONE PRESSURE AND STORAGE STUDY | CITY OF LACEY

Assumption:
- Hawks Prairie Tank is Online
- Proposed Hawks Prairie Sister Tank is Offline
- Proposed Piping upsize near Madrona Well Field is Online
- Wells 7 and 19 are Offline
- All PRV Stations to 337 PZ are Online
- Supply Improvements online per recommended schedule
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Disclaimer: Features shown in this 
figure are for planning purposes and 
represent approximate locations. 
Engineering and/or survey accuracy 
is not implied.

Data Sources: City of Lacey, 
Thurston County, WA.

 Figure 2  Maximum Pressure under 2022 ADD Conditions - 337 PZ Alternative 1
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Assumption:
- Proposed at Hydraulic-Grade Tank at Intelco Site is Online
- Proposed 380-PZ is rezoned with check valves and new 
  piping
- Proposed 380 PZ PS at Intelco Site is Online
- Proposed Business Loop Piping is Online
- Hawks Prairie Tank is Online
- Proposed Hawks Prairie Sister Tank is Offline
- Proposed Piping upsize near Madrona Well Field is Online
- Wells 7 and 19 are Offline
- All PRV Stations to 337 PZ are Online
- Supply Improvements online per recommended schedule
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Disclaimer: Features shown in this 
figure are for planning purposes and 
represent approximate locations. 
Engineering and/or survey accuracy 
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Data Sources: City of Lacey, 
Thurston County, WA.

 Figure 3  Maximum Pressure under 2022 ADD Conditions - 337 PZ Alternative 2
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Assumption:
- Proposed below Hydraulic-Grade Tank with 337 PZ PS at
  Intelco Site are Online
- Proposed 380-PZ is rezoned with check valves and new 
  piping
- Proposed 380 PZ PS at Intelco Site is Online
- Proposed Business Loop Piping is Online
- Hawks Prairie Tank is Online
- Proposed Hawks Prairie Sister Tank is Offline
- Proposed Piping upsize near Madrona Well Field is Online
- Wells 7 and 19 are Offline
- All PRV Stations to 337 PZ are Online
- Supply Improvements online per recommended schedule
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Disclaimer: Features shown in this 
figure are for planning purposes and 
represent approximate locations. 
Engineering and/or survey accuracy 
is not implied.

Data Sources: City of Lacey, 
Thurston County, WA.

 Figure 4  Maximum Pressure under 2022 ADD Conditions - 337 PZ Alternative 3
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Assumption:
- Proposed at Hydraulic-Grade Tank at Intelco Site is Online
- Well 10 upgraded with a VFD
- Hawks Prairie Tank is Online
- Proposed Hawks Prairie Sister Tank is Offline
- Proposed Piping upsize near Madrona Well Field is Online
- Wells 7 and 19 are Offline
- All PRV Stations to 337 PZ are Online
- Supply Improvements online per recommended schedule
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Disclaimer: Features shown in this 
figure are for planning purposes and 
represent approximate locations. 
Engineering and/or survey accuracy 
is not implied.

Data Sources: City of Lacey, 
Thurston County, WA.

 Figure 5  Minimum Pressure and Maximum Velocity under 2022 PHD Conditions - Baseline

337 PRESSURE ZONE PRESSURE AND STORAGE STUDY | CITY OF LACEY

Assumption:
- Hawks Prairie Tank is Online
- Proposed Hawks Prairie Sister Tank is Offline
- Proposed Piping upsize near Madrona Well Field is Online
- Wells 7 and 19 are Offline
- All PRV Stations to 337 PZ are Online
- Supply Improvements online per recommended schedule
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Disclaimer: Features shown in this 
figure are for planning purposes and 
represent approximate locations. 
Engineering and/or survey accuracy 
is not implied.
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 Figure 6  Minimum Pressure and Maximum Velocity under 2022 PHD Conditions - 337 PS Alternative 1

337 PRESSURE ZONE PRESSURE AND STORAGE STUDY | CITY OF LACEY

Assumption:
- Proposed at Hydraulic-Grade Tank at Intelco Site is Online
- Proposed 380-PZ is rezoned with check valves and new
  piping
- Proposed 380 PZ PS at Intelco Site is Online
- Proposed Business Loop Piping is Online
- Hawks Prairie Tank is Online
- Proposed Hawks Prairie Sister Tank is Offline
- Proposed Piping upsize near Madrona Well Field is Online
- Wells 7 and 19 are Offline
- All PRV Stations to 337 PZ are Online
- Supply Improvements online per recommended schedule
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Disclaimer: Features shown in this 
figure are for planning purposes and 
represent approximate locations. 
Engineering and/or survey accuracy 
is not implied.
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 Figure 7  Minimum Pressure and Maximum Velocity under 2022 PHD Conditions - 337 PS Alternative 2

337 PRESSURE ZONE PRESSURE AND STORAGE STUDY | CITY OF LACEY

Assumption:
- Proposed below Hydraulic-Grade Tank with 337 PZ PS at
  Intelco Site are Online
- Proposed 380-PZ is rezoned with check valves and new
  piping
- Proposed 380 PZ PS at Intelco Site is Online
- Proposed Business Loop Piping is Online
- Hawks Prairie Tank is Online
- Proposed Hawks Prairie Sister Tank is Offline
- Proposed Piping upsize near Madrona Well Field is Online
- Wells 7 and 19 are Offline
- All PRV Stations to 337 PZ are Online
- Supply Improvements online per recommended schedule
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Disclaimer: Features shown in this 
figure are for planning purposes and 
represent approximate locations. 
Engineering and/or survey accuracy 
is not implied.

Data Sources: City of Lacey, 
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 Figure 8  Minimum Pressure and Maximum Velocity under 2022 PHD Conditions - 337 PS Alternative 3

337 PRESSURE ZONE PRESSURE AND STORAGE STUDY | CITY OF LACEY

Assumption:
- Proposed at Hydraulic-Grade Tank at Intelco Site is Online
- Well 10 upgraded with a VFD
- Hawks Prairie Tank is Online
- Proposed Hawks Prairie Sister Tank is Offline
- Proposed Piping upsize near Madrona Well Field is Online
- Wells 7 and 19 are Offline
- All PRV Stations to 337 PZ are Online
- Supply Improvements online per recommended schedule
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Disclaimer: Features shown in this 
figure are for planning purposes and 
represent approximate locations. 
Engineering and/or survey accuracy 
is not implied.

Data Sources: City of Lacey, 
Thurston County, WA.

 Figure 9  Residual Pressure under 2022 MDD plus Fire Flow Conditions - Baseline

337 PRESSURE ZONE PRESSURE AND STORAGE STUDY | CITY OF LACEY

Assumption:
- Hawks Prairie Tank is Online
- Proposed Hawks Prairie Sister Tank is Offline
- Proposed Piping upsize near Madrona Well Field is Online
- Wells 7 and 19 are Offline
- All PRV Stations to 337 PZ are Online
- Supply Improvements online per recommended schedule

Legend
Residual Pressure

< 20 psi
20 - 30 psi 
30 - 40 psi
> 40 psi

Water Distribution System

!ã Well

UT Tank
UT"=) Tank& PS

#* HPWTF
"=) Pump Station
ÍB PRV Station

Water Main
City Limits
Urban Growth
Management Area
Street
Waterbody
Waterway

Pressure Zone
188
211
224
275
337
375
400
422
460

Water Main Capacity
Improvement



ÍB

ÍB

ÍB

ÍB

ÍB

ÍB

ÍB

ÍB

ÍB

ÍB

ÍB

ÍB

ÍB

ÍBÍB

ÍB

"=)

"=)

Martin

Britton

M
arvin

M
eridian

Martin

Viewpoint

Pacific

M
ar

vi
n

Union Mills

G
atew

ay

Woodland

Mullen

Ru
dd

el
l

Ca
rp

en
te

r
Ca

rp
en

te
r

15th

Ch
eh

al
is

 W
es

te
rn

Balustrade

58th

25th

G
ol

f C
lu

b

41st

46th

Willamette

UT

UT

UT

UT

UT"=)

UT

UT"=)

UT"=)

#*

!ã

!ã

!ã!ã
!ã

!ã

!ã

!ã

!ã!ã!ã

!ã

!ã

!ã!ã

!ã

!ã!ã!ã

"=)

460PZ PS

McAllister
Tank

Wells 21, 
22, & 28

Well 20

Well 27

460 PZ PS

Wells 
15 & 16

Wells 19, 31,
& Marvin Rd. Hawks Prairie

Tank & PS
HPWTF

Steilacoom
Tank

Union Mills
Tank

Well 29

§̈¦5

Britton
PRV Station

Galaxy 
PRV Station

Peregrine
PRV Station

Steilacoom 
PRV Station

Mt. Aire PRV
Station

Marvin PRV
Station

Mugho PRV
Station

Well 7

Well 6

Wells 1, 2, & 3

Well 9 Well 10

Well 4

Judd Hill Tank
& PS

West Side
Tank & PS

At-Hydraulic-Grade Intelco
Tank Capacity = 0.75 MG

380 Pump Station
Firm Capacity = 620 gpm

380 Rezone
HGL = 380 feet

O
0 5,0002,500

Feet

Disclaimer: Features shown in this 
figure are for planning purposes and 
represent approximate locations. 
Engineering and/or survey accuracy 
is not implied.

Data Sources: City of Lacey, 
Thurston County, WA.

 Figure 10  Residual Pressure under 2022 MDD plus Fire Flow Conditions - 337 PZ Alternative 1

337 PRESSURE ZONE PRESSURE AND STORAGE STUDY | CITY OF LACEY

Assumption:
- Proposed at Hydraulic-Grade Tank at Intelco Site is Online
- Proposed 380-PZ is rezoned with check valves and new
  piping
- Proposed 380 PZ PS at Intelco Site is Offline
- Proposed Business Loop Piping is Online
- Hawks Prairie Tank is Online
- Proposed Hawks Prairie Sister Tank is Offline
- Proposed Piping upsize near Madrona Well Field is Online
- Wells 7 and 19 are Offline
- All PRV Stations to 337 PZ are Online
- Supply Improvements online per recommended schedule
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Disclaimer: Features shown in this 
figure are for planning purposes and 
represent approximate locations. 
Engineering and/or survey accuracy 
is not implied.

Data Sources: City of Lacey, 
Thurston County, WA.

 Figure 11  Residual Pressure under 2022 MDD plus Fire Flow Conditions - 337 PZ Alternative 2

337 PRESSURE ZONE PRESSURE AND STORAGE STUDY | CITY OF LACEY

Assumption:
- Proposed below Hydraulic-Grade Tank with 337 PZ PS at
  Intelco Site are Online
- Proposed 380-PZ is rezoned with check valves and new
  piping
- Proposed 380 PZ PS at Intelco Site is Offline
- Proposed Business Loop Piping is Online
- Hawks Prairie Tank is Online
- Proposed Hawks Prairie Sister Tank is Offline
- Proposed Piping upsize near Madrona Well Field is Online
- Wells 7 and 19 are Offline
- All PRV Stations to 337 PZ are Online
- Supply Improvements online per recommended schedule
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Disclaimer: Features shown in this 
figure are for planning purposes and 
represent approximate locations. 
Engineering and/or survey accuracy 
is not implied.

Data Sources: City of Lacey, 
Thurston County, WA.

 Figure 12  Residual Pressure under 2022 MDD plus Fire Flow Conditions - 337 PZ Alternative 3

337 PRESSURE ZONE PRESSURE AND STORAGE STUDY | CITY OF LACEY

Assumption:
- Proposed at Hydraulic-Grade Tank at Intelco Site is Online
- Well 10 upgraded with a VFD
- Hawks Prairie Tank is Online
- Proposed Hawks Prairie Sister Tank is Offline
- Proposed Piping upsize near Madrona Well Field is Online
- Wells 7 and 19 are Offline
- All PRV Stations to 337 PZ are Online
- Supply Improvements online per recommended schedule
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Disclaimer: Features shown in this 
figure are for planning purposes and 
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is not implied.
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 Figure 13  Maximum Pressures under 2028 ADD Conditions - Baseline

337 PRESSURE ZONE PRESSURE AND STORAGE STUDY | CITY OF LACEY

Assumption:
- Hawks Prairie Tank is Online
- Proposed Hawks Prairie Sister Tank is Online
- Proposed Piping upsize near Madrona Well Field is Online
- Wells 7 and 19 are Offline
- All PRV Stations to 337 PZ are Online
- Supply Improvements online per recommended schedule
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Disclaimer: Features shown in this 
figure are for planning purposes and 
represent approximate locations. 
Engineering and/or survey accuracy 
is not implied.

Data Sources: City of Lacey, 
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 Figure 14  Maximum Pressure under 2028 ADD Conditions - 337 PZ Alt. 1

337 PRESSURE ZONE PRESSURE AND STORAGE STUDY | CITY OF LACEY

Assumption:
- Proposed at Hydraulic-Grade Tank at Intelco Site is Online
- Proposed 380-PZ is rezoned with check valves and new 
  piping
- Proposed 380 PZ PS at Intelco Site is Online
- Proposed Business Loop Piping is Online
- Hawks Prairie Tank is Online
- Proposed Hawks Prairie Sister Tank is Online
- Proposed Piping upsize near Madrona Well Field is Online
- Wells 7 and 19 are Offline
- All PRV Stations to 337 PZ are Online
- Supply Improvements online per recommended schedule
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Disclaimer: Features shown in this 
figure are for planning purposes and 
represent approximate locations. 
Engineering and/or survey accuracy 
is not implied.

Data Sources: City of Lacey, 
Thurston County, WA.

 Figure 15  Maximum Pressure under 2028 ADD Conditions - 337 PZ Alternative 2

337 PRESSURE ZONE PRESSURE AND STORAGE STUDY | CITY OF LACEY

Assumption:
- Proposed below Hydraulic-Grade Tank with 337 PZ PS at
  Intelco Site are Online
- Proposed 380-PZ is rezoned with check valves and new
  piping
- Proposed 380 PZ PS at Intelco Site is Online
- Proposed Business Loop Piping is Online
- Hawks Prairie Tank is Online
- Proposed Hawks Prairie Sister Tank is Online
- Proposed Piping upsize near Madrona Well Field is Online
- Wells 7 and 19 are Offline
- All PRV Stations to 337 PZ are Online
- Supply Improvements online per recommended schedule
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Disclaimer: Features shown in this 
figure are for planning purposes and 
represent approximate locations. 
Engineering and/or survey accuracy 
is not implied.

Data Sources: City of Lacey, 
Thurston County, WA.

 Figure 16  Maximum Pressure under 2028 ADD Conditions - 337 PZ Alternative 3

337 PRESSURE ZONE PRESSURE AND STORAGE STUDY | CITY OF LACEY

Assumption:
- Proposed at Hydraulic-Grade Tank at Intelco Site is Online
- Well 10 upgraded with a VFD
- Hawks Prairie Tank is Online
- Proposed Hawks Prairie Sister Tank is Online
- Proposed Piping upsize near Madrona Well Field is Online
- Wells 7 and 19 are Offline
- All PRV Stations to 337 PZ are Online
- Supply Improvements online per recommended schedule
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Disclaimer: Features shown in this 
figure are for planning purposes and 
represent approximate locations. 
Engineering and/or survey accuracy 
is not implied.

Data Sources: City of Lacey, 
Thurston County, WA.

 Figure 17  Minimum Pressure and Maximum Velocity under 2028 PHD Conditions - Baseline

337 PRESSURE ZONE PRESSURE AND STORAGE STUDY | CITY OF LACEY

Assumption:
- Hawks Prairie Tank is Online
- Proposed Hawks Prairie Sister Tank is Online
- Proposed Piping upsize near Madrona Well Field is Online
- Wells 7 and 19 are Offline
- All PRV Stations to 337 PZ are Online
- Supply Improvements online per recommended schedule
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Disclaimer: Features shown in this 
figure are for planning purposes and 
represent approximate locations. 
Engineering and/or survey accuracy 
is not implied.

Data Sources: City of Lacey, 
Thurston County, WA.

 Figure 18  Minimum Pressure and Maximum Velocity under 2028 PHD Conditions - 337 PS Alternative 1

337 PRESSURE ZONE PRESSURE AND STORAGE STUDY | CITY OF LACEY

Assumption:
- Proposed at Hydraulic-Grade Tank at Intelco Site is Online
- Proposed 380-PZ is rezoned with check valves and new
  piping
- Proposed 380 PZ PS at Intelco Site is Online
- Proposed Business Loop Piping is Online
- Hawks Prairie Tank is Online
- Proposed Hawks Prairie Sister Tank is Online
- Proposed Piping upsize near Madrona Well Field is Online
- Wells 7 and 19 are Offline
- All PRV Stations to 337 PZ are Online
- Supply Improvements online per recommended schedule
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Disclaimer: Features shown in this 
figure are for planning purposes and 
represent approximate locations. 
Engineering and/or survey accuracy 
is not implied.

Data Sources: City of Lacey, 
Thurston County, WA.

 Figure 19  Minimum Pressure and Maximum Velocity under 2028 PHD Conditions - 337 PS Alternative 2

337 PRESSURE ZONE PRESSURE AND STORAGE STUDY | CITY OF LACEY

Assumption:
- Proposed below Hydraulic-Grade Tank with 337 PZ PS at
  Intelco Site are Online
- Proposed 380-PZ is rezoned with check valves and new
  piping
- Proposed 380 PZ PS at Intelco Site is Online
- Proposed Business Loop Piping is Online
- Hawks Prairie Tank is Online
- Proposed Hawks Prairie Sister Tank is Online
- Proposed Piping upsize near Madrona Well Field is Online
- Wells 7 and 19 are Offline
- All PRV Stations to 337 PZ are Online
- Supply Improvements online per recommended schedule
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Disclaimer: Features shown in this 
figure are for planning purposes and 
represent approximate locations. 
Engineering and/or survey accuracy 
is not implied.

Data Sources: City of Lacey, 
Thurston County, WA.

 Figure 20  Minimum Pressure and Maximum Velocity under 2028 PHD Conditions - 337 PS Alternative 3

337 PRESSURE ZONE PRESSURE AND STORAGE STUDY | CITY OF LACEY

Assumption:
- Proposed at Hydraulic-Grade Tank at Intelco Site is Online
- Well 10 upgraded with a VFD
- Hawks Prairie Tank is Online
- Proposed Hawks Prairie Sister Tank is Online
- Proposed Piping upsize near Madrona Well Field is Online
- Wells 7 and 19 are Offline
- All PRV Stations to 337 PZ are Online
- Supply Improvements online per recommended schedule
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Disclaimer: Features shown in this 
figure are for planning purposes and 
represent approximate locations. 
Engineering and/or survey accuracy 
is not implied.

Data Sources: City of Lacey, 
Thurston County, WA.

 Figure 21  Residual Pressure under 2028 MDD plus Fire Flow Conditions - Baseline

337 PRESSURE ZONE PRESSURE AND STORAGE STUDY | CITY OF LACEY

Assumption:
- Hawks Prairie Tank is Online
- Proposed Hawks Prairie Sister Tank is Online
- Proposed Piping upsize near Madrona Well Field is Online
- Wells 7 and 19 are Offline
- All PRV Stations to 337 PZ are Online
- Supply Improvements online per recommended schedule
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Disclaimer: Features shown in this 
figure are for planning purposes and 
represent approximate locations. 
Engineering and/or survey accuracy 
is not implied.

Data Sources: City of Lacey, 
Thurston County, WA.

 Figure 22  Residual Pressure under 2028 MDD plus Fire Flow Conditions - 337 PZ Alt. 1
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Assumption:
- Proposed at Hydraulic-Grade Tank at Intelco Site is Online
- Proposed 380-PZ is rezoned with check valves and new
  piping
- Proposed 380 PZ PS at Intelco Site is Offline
- Proposed Business Loop Piping is Online
- Hawks Prairie Tank is Online
- Proposed Hawks Prairie Sister Tank is Online
- Proposed Piping upsize near Madrona Well Field is Online
- Wells 7 and 19 are Offline
- All PRV Stations to 337 PZ are Online
- Supply Improvements online per recommended schedule
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Disclaimer: Features shown in this 
figure are for planning purposes and 
represent approximate locations. 
Engineering and/or survey accuracy 
is not implied.

Data Sources: City of Lacey, 
Thurston County, WA.

 Figure 23  Residual Pressure under 2028 MDD plus Fire Flow Conditions - 337 PZ Alt. 2
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Assumption:
- Proposed below Hydraulic-Grade Tank with 337 PZ PS at
  Intelco Site are Online
- Proposed 380-PZ is rezoned with check valves and new
  piping
- Proposed 380 PZ PS at Intelco Site is Offline
- Proposed Business Loop Piping is Online
- Hawks Prairie Tank is Online
- Proposed Hawks Prairie Sister Tank is Online
- Proposed Piping upsize near Madrona Well Field is Online
- Wells 7 and 19 are Offline
- All PRV Stations to 337 PZ are Online
- Supply Improvements online per recommended schedule
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Disclaimer: Features shown in this 
figure are for planning purposes and 
represent approximate locations. 
Engineering and/or survey accuracy 
is not implied.

Data Sources: City of Lacey, 
Thurston County, WA.

 Figure 24  Residual Pressure under 2028 MDD plus Fire Flow Conditions - 337 PZ Alternative 3
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Assumption:
- Proposed at Hydraulic-Grade Tank at Intelco Site is Online
- Well 10 upgraded with a VFD
- Hawks Prairie Tank is Online
- Proposed Hawks Prairie Sister Tank is Online
- Proposed Piping upsize near Madrona Well Field is Online
- Wells 7 and 19 are Offline
- All PRV Stations to 337 PZ are Online
- Supply Improvements online per recommended schedule
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Disclaimer: Features shown in this 
figure are for planning purposes and 
represent approximate locations. 
Engineering and/or survey accuracy 
is not implied.

Data Sources: City of Lacey, 
Thurston County, WA.

 Figure 25  Average Supply Met by Well 9 under 2022 ADD Conditions - Baseline

Well 9
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Assumptions:
 - Wells 1 and 31 are offline
 - Wells 7 and 19 are online
 - Hawks Prairie Tank online
 - Supply Improvements per Recommended Schedule:
    - Well 19 pump replacement in 2019 to add 980 gpm of supply
    - Wells 15 & 16 upgrades in 2019 to add 110 gpm of supply
    - New Marvin Road Well with pumping capacity of 1,000 gpm
       in 2021, controls off
    - Well 1 improvements in 2022 to add 665 gpm of  supply
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Disclaimer: Features shown in this 
figure are for planning purposes and 
represent approximate locations. 
Engineering and/or survey accuracy 
is not implied.

Data Sources: City of Lacey, 
Thurston County, WA.

 Figure 26  Average Supply Met by Well 9 under 2022 ADD Conditions - with HP Sister and Intelco Tanks

Well 9

Proposed Below Hydraulic Grade
Hawks Prairie Sister Tank

Proposed At Hydraulic
Grade Intelco Tank
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Assumptions:
 - Wells 1 and 31 are offline
 - Wells 7 and 19 are offline
 - Hawks Prairie Tank online
 - 400 PZ Alt. 3 - Hawks Prairie Sister Tank online
 - 337 PZ Alt. 3 - Intelco at-hydraulic-grade Tank online
 - Supply Improvements per Recommended Schedule:
    - Well 19 pump replacement in 2019 to add 980 gpm of supply
    - Wells 15 & 16 upgrades in 2019 to add 110 gpm of supply
    - New Marvin Road Well with pumping capacity of 1,000 gpm 
       in 2021, controls off
    - Well 1 improvements in 2022 to add 665 gpm of  supply
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Disclaimer: Features shown in this 
figure are for planning purposes and 
represent approximate locations. 
Engineering and/or survey accuracy 
is not implied.

Data Sources: City of Lacey, 
Thurston County, WA.

 Figure 27  Average Supply Met by Well 9 under 2022 MDD Conditions - Baseline

Well 9
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Assumptions:
 - Wells 1 and 31 are offline
 - Wells 7 and 19 are offline
 - Hawks Prairie Tank online
 - Supply Improvements per Recommended Schedule:
    - Well 19 pump replacement in 2019 to add 980 gpm of supply
    - Wells 15 & 16 upgrades in 2019 to add 110 gpm of supply
    - New Marvin Road Well with pumping capacity of 1,000 gpm
       in 2021, controls off
    - Well 1 improvements in 2022 to add 665 gpm of  supply
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Disclaimer: Features shown in this 
figure are for planning purposes and 
represent approximate locations. 
Engineering and/or survey accuracy 
is not implied.

Data Sources: City of Lacey, 
Thurston County, WA.
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Assumptions:
 - Wells 1 and 31 controls offline
 - Wells 7 and 19 controls online
 - Hawks Prairie Tank online
 - 400 PZ Alt. 3 - Hawks Prairie Sister Tank online
 - 337 PZ Alt. 3 - Intelco at-hydraulic-grade Tank online
 - City Planned Supply Improvements:
    - Well 19 pump replacement in 2019 to add 980 gpm of supply
    - Wells 15 & 16 upgrades in 2019 to add 110 gpm of supply
    - New Marvin Road Well with pumping capacity of 1,000 gpm 
      in 2021, controls off
    - Well 1 improvements in 2022 to add 665 gpm of  supply
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EXECUTIVE SUMMARY 

ES.1   Introduction 

The City of Lacey's (City) Hawks Prairie Tank (HP Tank) is located in the north end of the 
400 pressure zone (PZ). The four million gallon (MG) Tank stores water for the entire distribution 
system, which shares water among the 400 and 337 PZs. The Tank is scheduled to be taken 
offline for maintenance and repair within the next 5 years for approximately six months in the 
summer season. During this time, the following improvements are needed for the City to 
maintain the minimum level of service to its customers: 

• New supply sources to meet demand growth. 
• Water storage to maintain required fire protection ability in the 400 PZ. 
• Infrastructure improvements to maintain water pressures in the 400 PZ. 

A study was conducted to explore alternatives that would allow the City to serve customers 
during peak demand and provide fire protection. This report summarizes the results of the study.  

ES.2   Hydraulic Model Update 

The City provided a calibrated hydraulic model that represented 2016 winter and summer 
conditions. Carollo Engineers, Inc. (Carollo) allocated future (4-year and 10-year) water demands 
to appropriate nodes in the hydraulic model. Carollo also added the nine planned pipeline 
improvement projects to the hydraulic model, listed below: 

• College and 22nd Street.  
• Capital City Golf Course Fire Flow Improvement. 
• 2017 Waterline Replacement Project 2. 
• Mullen Road Water Project. 
• 48th Avenue and 50th Avenue NE (Beachcrest) Fire Flow Improvements. 
• Impala Water Main Replacement. 
• Oak Preserve Development. 
• Gateway Development. 
• Willamette Drive Velocity Improvements (long-term scenario). 

ES.3   Supply Assumptions and Ability to Serve 

To meet its current supply needs, the City uses groundwater wells. Additional supply sources for 
400 PZ are needed to meet demand growth throughout the entire system. A high-level "supply 
and ability to serve evaluation" was performed to compare available supply in the next 
10 years (2028) to projected demands. The evaluation used existing supplies and five planned 
water supply improvement projects: 

1. Pump improvements at S19 and S31 going back online to add 980 gallons per 
minute (gpm) (1.41 million gallons per day [mgd]) of supply. 
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2. S15 / S16 upgrades in 2019 to add 110 gpm (0.16 mgd) of supply. 
3. New Marvin Road Well with a pumping capacity of 1,000 gpm (1.44 mgd) in 2021. The 

increase in supply is 200 gpm (0.29 mgd) because the Hawks Prairie Water Treatment 
Facility (HPWTF) can only treat 1,800 gpm (2.59 mgd) of supply from S19, S31, and 
Marvin Road Well. 

4. The replacement well for S01 will be in service in 2022 to add 665 gpm (0.96 mgd) of 
supply. 

5. HPWTF expansion in 2028 will allow the full use of S19, S31, and Marvin Road Well water 
rights to add 800 gpm (1.15 mgd) of supply. 

The evaluation found that in addition to the current and planned supplies, the City will need 
additional supply capacity by 2028. This finding underscores the importance of implementing 
the above planned system improvements, as well as developing new supplies. The City identified 
two new supply improvement projects to meet this deficit:  

• 2022: Madrona Transmission Improvements to make full use of Madrona’s full water 
rights. 

• 2025: HPWTF expansion or Drill a new well next to S04. 

Should the City not make the supply system improvements per the above schedule or demands 
vary from projections, the results will differ from those presented in this report. 

ES.4   Preliminary System Analysis 

This section summarizes the preliminary system analysis to understand the impact of taking 
Hawks Prairie offline from the distribution system and the level of service goals and criteria. The 
study evaluations used criteria consistent with the City's Water System Comprehensive Plan 
Update (Comp Plan) from February 2013 and Washington State's Department of Health (DOH) 
2009 Water System Design Manual (WSDM).  

ES.4.1   Storage Analysis 

The 400 PZ has two storage tanks:  

• HP Tank – available storage volume is 3.57 MG. 
• McAllister Tank – available storage volume is 0.52 MG.  

While the HP Tank is offline, the 400 PZ available storage will be reduced to 0.52 MG (McAllister 
Tank), which is not sufficient to meet the largest fire requirement in the PZ (0.96 MG). As a 
result, all alternatives developed increase available storage by approximately 1.0 MG to provide 
sufficient fire protection capacity and additional operational storage. 

ES.4.2   Impact of Hawks Prairie Offline on Customers Pressures 

The existing infrastructure cannot serve the customers without HP Tank online. The initial 
analysis showed that some locations in the northern area of the 400 PZ fell below 30 pounds per 
square inch (psi), the minimum level of service, when HP Tank was taken offline under summer 
2016 conditions. This is due to a combination of lack of storage in the PZ and lack of 
transmission piping. 
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ES.5   Recommended Alternatives 

Three alternatives were developed by Carollo to meet fire suppression storage and maintain 
minimum service pressures under 2022 peak hour demand (PHD), when the HP Tank is offline: 

• Alternative 1 – Access existing storage volume through either a new pump station at the 
Steilacoom Tank or the McAllister Tank. Over 37,000 linear feet (LF) of transmission 
pipe upsize would be required to maintain pressure above 40 psi when Hawks Prairie is 
offline. In addition to this significant capital need, modeling showed that the system 
remains sensitive to changes in operation (wells turn off for instance) and would be 
difficult to operate. This alternative was not recommended. 

• Alternative 2 – Construct a new 1 MG at-hydraulic-grade tank (elevated type) at existing 
Marvin Road well site, which is located next to the new school site. This alternative 
provides sufficient level of service to the customers when the HP Tank is offline and 
provides the 400 PZ with gravity storage (no pump) during emergencies.  

• Alternative 3 – Construct a new 1 MG Sister Tank adjacent to the HP Tank on the 
existing site. The Sister Tank would have similar hydraulic characteristics as the existing 
HP Tank and would use the existing HP Tank pump station. Of all three alternatives, the 
Sister Tank option provides the highest level of service while the HP Tank is offline. 

ES.6   Life-Cycle Costs and Capital Costs 

The cost estimates developed in this report are American Academy of Cost Engineers (AACE). 
Class 4 estimates, which are planning-level estimates only and should be refined during 
pre-design.  

The resulting costs for the three alternatives are shown below in Table 1. Detailed cost estimates 
for each alternative can be found in the Appendix B. Ranking for each alternative is also shown as 
described in the next section. 

Table 1 Summary Costs 

Costs 
400 PZ  

Alternative 1 
400 PZ  

Alternative 2 
400 PZ  

Alternative 3 

Capital Costs(1) $21,164,900  $9,105,200  $6,444,600(6)  

O&M(2) Costs(3) $2,884,100  $2,300,800  $2,183,000  

Total Capital and O&M(4) $24,049,000  $11,406,000  $8,627,600 

Ranking (Score)(5) 1.2 3.0 4.4 
Notes:  
(1) Capital costs are in 2022 dollars.  
(2) O&M: operation and maintenance.  
(3) O&M costs are inflated to the year in which the operation or maintenance is performed, over a 50-year period. 
(4) Total costs rounded to the nearest $100. 
(5) Weighted ranking from 1 (worst) to 5 (best) based on capital cost, water quality, timeline, and O&M. 
(6)  Costs based on 1.5 MG below-hydraulic-grade sister tank consistent with the Study’s final recommendation. 
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ES.7   Alternatives Ranking 

Each Alternative was ranked by Carollo and City Staff, for the period leading up to and during the 
HP Tank outage, based on capital cost, water quality, time line, and O&M. A weighted ranking 
was given for each criteria from 1 (worst) to 5 (best) and combined for a total Alternative ranking 
score. Receiving the highest score, Alternative 3 – Sister Tank, was recommended for 
implementation. The Sister Tank had the lowest cost and provided the highest level of service 
when the HP Tank is offline. Further, it was ranked highest among the alternatives for the period 
after the HP Tank outage, based on life cycle costs, water quality, and O&M. 

To provide full fire suppression volume (0.96 MG) and operational volume, it is recommended 
that the Sister Tank be upsized to 1.5 MG. 

Section 1 

BACKGROUND 

The City HP Tank is located in the north end of the 400 PZ. The four MG tank stores water for the 
entire distribution system, which shares water among the 400 and 337 PZ’s. Figure 1 shows the 
study area for the report. 

The HP Tank is scheduled to be taken offline for maintenance and upgrades in the near-term for 
approximately six months in the summer. While this occurs, the City has to be able to maintain 
the minimum level of service to its customers.  

Hydraulic modeling was performed on the distribution system. According to this modeling, the 
distribution system will not be able to serve the customers in the north end of the 400 PZ during 
peak demand or provide fire protection while the HP Tank is offline.  

To ensure the City can meet its service goals, a PZ study was conducted to explore alternatives 
that would allow the City to serve customers during peak demand and provide fire protection. 
This report summarizes the results of this study and provides information on the following:  

• Evaluation criteria for the study. 
• Description of alternatives.  
• Results of a hydraulic analysis of alternatives. 
• Recommended alternative to serve customers.  
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Section 2 

SUPPLY ASSUMPTIONS AND ABILITY TO SERVE 

A high-level "supply and ability to serve evaluation" was performed at the beginning of the 
project. The following sections describe the results from this evaluation and present 
recommended improvements to the infrastructure to mitigate future supply deficiencies.  

2.1   Demands 

System-wide demands were reviewed from the Comp Plan. For this study, no new demand 
forecasts were completed. Figure 2 compares projected system-wide average day 
demand (ADD) with historical consumption data from 2009 through 2017. As shown, the rate of 
demand increased similarly.  

However, historical demands were approximately 0.8 mgd below projected demands; the 
2017 ADD was roughly equivalent to the projected 2012 ADD. As a result, the projected demands 
were “scaled down” to match historical consumption, as shown in Figure 2, effectively shifting 
demands five years into the future. For example, the Comp Plan’s 2023 demands were 
considered the 2028 demands for this Study.  

Table 2 shows updated ADD and maximum day demand (MDD) for 2017, near-term (2022), and 
long-term (2028) planning periods. The MDD to ADD peaking factor of 2.2 and PHD to MDD 
peaking factor of 1.6 were both unchanged from the Comp Plan.  

Carollo recommends that the City update its demand projections during its upcoming Water 
System Plan Update. Although the Study’s scaled down demands are adequate for conceptual 
level hydraulic modeling in this study, they should not be used for water rights, supply timing, or 
storage facility sizing. 

Table 2 Summary of Projected Demands 

Year ADD MDD 

 (mgd) (gpm) (mgd) (gpm) 

2017 7.43  5,200  16.34  11,300  

2022 8.25  5,700  18.15  12,600  

2028 9.14  6,300  20.12  14,000  

 



400 PRESSURE ZONE STORAGE STUDY | 337 PZ FACILITIES & PRESSURE, & 400 PZ STORAGE STUDIES | CITY OF LACEY 

 FINAL | OCTOBER 2018 | 7 

 

Figure 2 Adjusted Demand Projections 

2.2   Ability to Serve Requirements 

To meet its current supply needs, the City uses groundwater. The analysis described in this 
section evaluated the City's groundwater wells "ability to serve," a measurement commonly used 
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• Water Rights: The maximum water rights available.  
• Pumping Capacity: Pumping capacity for each individual well, according to the City. 
• Treatment Capacity: Total treatment capacity for each well. 
• Operational/ Seasonal Limitations: Limitations on supply use due to seasonal variations 

in available supply or operational requirements. 

Table 3 shows all of the City's groundwater wells "abilities to serve" taking into account the 
limitations described above. 
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Table 4 Wells Ability to Serve 

Well No. Pressure Zone Ability to Serve (gpm) Ability to Serve (mgd) 

S16 400 PZ 220 0.32 

S19 400 PZ 620 0.89 

S20 400 PZ 580 0.84 

S21 400 PZ 1,350 1.94 

S22 400 PZ 1,350 1.94 

S24 188 PZ 80 0.12 

S25 188 PZ 160 0.23 

S27 400 PZ 1,000 1.44 

S28 400 PZ 1,350 1.94 

S29 400 PZ 1,000 1.44 

S31 400 PZ 0 0.00 

To estimate future supply needs and recommend supply improvements, the "ability to serve" 
was compared to the near-term and long-term MDD demands listed in Section 2.2. Carollo 
recommends updating this evaluation after the demand projections are updated in the new 
Water System Plan Update. 

2.3   “Ability to Serve" Analysis 

For this analysis, criteria were developed that consider the firm supply capacity, or "redundancy." 
Firm capacity is the MDD with the largest source out of service, in this case Well S7.  

Operational criteria were also used in the analysis to measure the system's capacity to provide 
water with a commonly out of service well in addition to the largest source out of service. In this 
case, the commonly out-of-service supply source is Well S19.  

According to the analysis, the City can supply approximately 13,206 gpm (19.01 mgd). When the 
redundancy and operation criteria were applied to the analysis, however, the City’s “ability to 
serve” was approximately 10,786 gpm (15.53 mgd). 

2.3.1   Planned Supply Improvements 

To meet future demands and provide additional redundancy and operational flexibility, the City 
planned for five water supply improvement projects in its Capital Improvement Plan (CIP):  

1. Pump improvements at S19 and S31 going back online to add 980 gpm (1.41 mgd) of 
supply. 

2. S15/S16 upgrades in 2019 to add 110 gpm (0.16 mgd) of supply. 
3. New Marvin Road Well with a pumping capacity of 1,000 gpm (1.44 mgd) in 2021. The 

increase in supply is 200 gpm (0.29 mgd) because the HPWTF can only treat 
1,800 gpm (2.59 mgd) of supply from S19, S31, and Marvin Road Well. 

4. The replacement well for S01 will be in service in 2022 to add 665 gpm (0.96 mgd) of 
supply. 

5. HPWTF expansion in 2028 will allow the full use of S19, S31, and Marvin Road Well water 
rights to add 800 gpm (1.15 mgd) of supply. 

Figure 3 shows the locations of these supply improvements. 
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2.3.2   "Ability to Serve" with Planned Projects Improvements 

Figure 4 compares the City's "ability to serve" with the supply improvements already planned for 
the established criteria and MDD projections. If all planned improvements are implemented, the 
City will have sufficient supply in the near-term with all supplies online. To meet both 
redundancy and operational criteria by 2028, the City will need an additional 0.78 mgd (539 gpm) 
of supply capacity.  

This finding underscores the importance of implementing planned supply improvements in 
Section 2.3.1, as well as developing new supplies. Note, should City not make the supply 
improvements or demands vary from projections, then results will differ from those presented in 
this report. 

 

Figure 4 Ability to Serve with Planned Supply Improvements 

2.3.3   Additional Supply Improvements to meet Demands 

As the "ability to serve" analysis shows, the City will need more supply than just the already 
planned supply projects. The City identified the four (4) supply improvement options that are 
presented below. Each project was qualitatively evaluated and ranked in a workshop setting with 
City staff based on available information. The hydraulic modeling was used to confirm the 
distribution system had sufficient capacity for the supply projects and where necessary 
improvements are recommended. Two supply projects will be sufficient to meet the Redundant 
and Operational ability to serve deficiency through 2028. The remaining supplies should be 
considered for long-term supplies after the study period: 
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1. Make full use of Madrona’s full water rights. This option would make improvements to 
the distribution system to convey additional flow without upgrading pumps or 
treatment. This option would utilize the full water rights and increase supply from the 
well field by 748 gpm. Hydraulic modeling indicates that the full use of Madrona can be 
achieved during both 2022 and 2028 MDD by upsizing 1,100 feet of distribution main. 
Note that, during lower demand conditions, the Madrona wells may not be able to 
produce their full water right because of limitations in overall distribution. City staff 
preferred this project, mainly because of cost and operational reasons. 

2. Drill a new well next to S04. Drill a new well next to S04. The new well is anticipated to 
have a yield of 1,350 gpm. The combined yield of the existing 750 gpm well and new well 
is anticipated to be 2,100 gpm. Existing treatment facilities can treat the additional yield 
without modification. The City is considering installing the new well after the area is 
sewered. City staff anticipates that septic-to-sewer conversions will occur within 
ten years; therefore, the additional well may not available until the end of the planning 
period. Of the four improvements, City staff deemed this one their second best.  

3. Add treatment to S09. By adding treatment for iron, manganese, and ammonia, a total 
of 1,300 gpm of supply will be available from S09, an increase of 570 gpm of supply from 
the existing 730 gpm ability to serve. This option is less preferred, since it would require 
adding a new treatment facility at a new site and acquiring land.  

4. Develop a new well near the Meridian Campus with a yield of 800 gpm. The well will 
be drilled in the TQu aquifer and tests indicate the presence of iron, manganese, 
ammonia, and sulfides. The City proposes to drill the well in the Meridian Campus Park. 
This option is the least preferred because it will require treatment.  

2.3.4   “Ability to Serve” Improvements and Timing 

Timing for the supply projects are recommended to be: 

• 2022: Madrona Transmission Improvements (1. Make full use of Madrona’s full water 
rights). 

• 2025: HPWTF expansion (Planned improvement 5 in Section 2.3.1) or Drill a new well 
next to S04. 

The Madrona Transmission Improvements and HPWTF expansion in 2025 provides sufficient 
Redundant and Operational ability to serve, as shown in Figure 5. This would require the City to 
move up planned improvements from 2028 to 2025 to meet the Redundant and Operational 
ability to serve throughout the planning period.  

If the City does not implement the HPWTF expansion in 2025, then it could consider drilling a 
new well next to S04 in 2025 to provide more than sufficient Redundant and Operational ability 
to serve through 2028, as shown in Figure 6. The HPWTF expansion could then be implemented 
as planned in 2028 or delayed for beyond 2028.  
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Figure 5 Ability to Serve with Planned Supply Improvements, Madrona Transmission 
Improvements and HPWTF Expansion 

 

Figure 6 Ability to Serve with Planned Supply Improvements, Madrona Transmission 
Improvements, and a new well at S04 
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Section 3 

HYDRAULIC MODEL UPDATE 

The hydraulic model was updated to include near-term (2022) and long-term (2028) demands, 
fire flows, planned distribution improvements, and future supply projects.  

3.1   Demands 

Future water demands were allocated to appropriate nodes in the hydraulic model. The City's 
existing summer 2016 model demands correspond to the average summer demands based on 
customer’s data, as initially provided by the City. MDD demand corresponds to the highest day in 
the year, and is therefore higher than the summer 2016. Summer 2016 demands are between 
ADD and MDD.  

Additional projected ADDs were also allocated to the hydraulic model to match the demands 
shown in Table 2 for planning years 2022 and 2028. The existing 2017 ADD, shown in Table 2, 
were allocated using a combination of land use information, vacant land information, loading 
polygons, and planned development information. City-provided demands associated with 
planned developments were manually entered into the model based on the number of 
residential units planned. 

The remaining demands were allocated using loading polygons and vacant parcels and were 
allocated to all vacant land and weighted based on area. Future MDDs were developed by scaling 
their respective years' ADD with the MDD/ADD peaking factor of 2.2. Future ADD and MDD 
diurnals used the existing summer 2016 diurnal patterns used to perform extended period 
simulations in the hydraulic model. 

3.2   Planned System Improvements 

The City provided information on planned pipeline improvement projects. The model was 
updated with these improvement projects based on near- and long-term timing. The following 
projects were incorporated into the hydraulic model's near-term scenarios: 

• College and 22nd Street.  
• Capital City Golf Course Fire Flow Improvement. 
• 2017 Waterline Replacement Project 2. 
• Mullen Road Water Project. 
• 48th Avenue and 50th Avenue NE (Beachcrest) Fire Flow Improvements. 
• Impala Water Main Replacement. 
• Oak Preserve Development. 
• Gateway Development. 
• Willamette Drive Velocity Improvements (long-term scenario). 

3.3   Planned Supply Projects  

The City planned water supply improvements to meet future demands and provide additional 
redundancy and operational flexibility. The hydraulic model was updated to include the planned 
supply improvements discussed in Section 2.3 and shown on Figure 3. See Appendix A for 
information on how the planned supply improvements were operated in the hydraulic model.  
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Section 4 

EVALUATION CRITERIA 

This section presents the evaluation criteria used to evaluate the distribution system and to size 
future water system infrastructure. The developed criteria address storage capacity, acceptable 
service pressures, and the distribution system performance. The Comp Plan and DOH WSDM 
were used to help develop evaluation criteria. 

4.1   Model Simulations 

Using the update, the following simulations of each alternative were modeled in the near- and 
long-term planning period (a total of 18 model simulations, see Appendix C): 

1. MDD plus Fire Flows. 
2. Extended Period Simulation of PHD. 
3. Extended Period Simulation of ADD. 

4.2   Water Storage Requirements 

The City's storage tank volume requirements are divided into four separate categories:  

1. Operating Storage. 
2. Equalizing Storage.  
3. Fire Fighting Storage.  
4. Standby Storage.  

Tanks may include a "dead storage", which is the volume in a tank not available to the system. 
This volume is usually caused by high elevations served by the tank and required minimum 
pressures to provide to the customers in the zone. 

For this analysis, criteria and results from the Comp Plan were used and checked against 
adjusted demands from Section 3.1. A comprehensive storage analysis was not performed. 
However, criteria from the Comp Plan were used to determine storage volumes required in the 
400 PZ. 

4.3   Fire Flow Criteria 

Fire flows stress a water system near a fire. Because of this stress, these flows can identify 
deficiencies, which are generally associated with pipe sizes (diameter) or age (roughness) that 
increases headlosses and lowers pressures under high flow conditions.  

Fire flow criteria measure a system’s ability to deliver a high rate of water while maintaining a 
minimum pressure of 20 psi in the distribution system. To evaluate the effect of fire flows 
throughout the distribution system, each model node was assigned a fire flow based on highest 
fire flow requirement considering the City's land-use based criteria. Where a node represents 
service to multiple land uses, the largest fire flow was chosen to be simulated in the model. The 
fire flow demands were during MDD conditions. By simulating MDD plus fire flows, the 
performance of supply sources, booster pumps, and storage tanks could be determined under 
those conditions. 
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The recommended fire flow criteria are summarized below by land use. These fire flow criteria 
were developed based on input from City staff: 

• Single-Family Residential: 750 gpm for two hours. 
• Low Commercial: 1,250 gpm for two hours (in 188 PZ) and 1,500 gpm for two hours 

(everywhere else). 
• Medium Commercial: 2,500 gpm for three hours. 
• High Commercial: 4,000 gpm for four hours. 

4.4   Service Pressures 

Pressures maintained in the distribution system vary depending on its operations and 
topography. Thus, the water pressure in a consumer's residence or place of business must be 
neither too high nor too low. Generally, pressures below 40 psi can cause noticeable flow 
reductions when more than one appliance using water is used, as well as impact lawn irrigation. 
High pressures may cause faucets to leak and valve seats to wear out quickly and can lead to 
wasted water and high water utility bills. Building code requires the installation of individual 
pressure reducing valve (PRV) for pressures above 80 psi to limit pressures in buildings. 
Acceptable water pressures in the distribution system can vary based design standards; 
however, pressures exceeding 120 psi are generally considered high.  

The DOH requires water systems to provide PHD at no less than 30 psi at all service connections 
in the distribution system. A water system does not have to maintain a minimum pressure of 
30 psi during a fire suppression event. In that case, DOH requires water systems to provide 20 psi 
of minimum pressure at ground level at all points in the distribution system.  

PHD tank levels were set within the normal operating range and allowed to vary based on 
demands and supply operation in an extended period simulation. Fire flow scenarios are 
modeled under static conditions (single point in time), where the tank's water levels are set at 
the bottom of the fire pool (typically the lowest water level of the tank).  

For this alternative analysis, however, service pressures criteria were developed for various 
demand conditions, as summarized below: 

• Peak Hour Demand: To provide adequate service pressures, the City goal is to provide 
service pressure of at least 40 psi at the customer meter during a typical PHD condition. 

• Maximum Day Demand + Fire Flow: This pressure criterion relates to fire flows and was 
devised to ensure adequate positive pressures during a fire. A minimum acceptable 
residual pressure of 20 psi is required per DOH criteria at the connecting hydrant under 
MDD plus fire flow while equalization and fire flow storage are depleted. 

4.5   Distribution Mains 

Transmission mains are generally sized to carry PHD or MDD plus fire flow. Other criteria related 
to the distribution piping include the maximum and minimum velocities, and the maximum 
allowable friction losses.  
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The DOH recommends a maximum velocity of no more than 8 feet per second (fps) under PHD 
conditions, unless the manufacture specifies otherwise (WSDM, 2009). Generally, velocities of 
10 fps (American Water Works Association [AWWA] M-32) or higher do not cause problems if 
they occur briefly. For this alternatives analysis, maximum velocity criteria were developed for 
the following demand conditions to prevent pipe damages caused by high velocities: 

• Peak Hour Demand: City pipes' maximum velocity not to exceed 8 fps under typical PHD 
conditions. 

• Maximum Day Demand + Fire Flow: Maximum velocity not to exceed 10 fps during a 
MDD plus fire flow event. 

Section 5 

PRELIMINARY SYSTEM ANALYSIS 

The preliminary system analysis was completed to understand how taking the HP Tank offline 
compares to current operations. Results from the analysis were used to identify system 
deficiencies and develop alternatives to mitigate them.  

5.1   Storage Analysis 

The 400 PZ has two storage tanks:  

• HP Tank – available storage volume is 3.57 MG (4 MG total). 
• McAllister Tank – available storage volume is 0.52 MG (1 MG total).  

Note that these available storage volumes and total volumes are from the Comp Plan. The City 
anticipates taking the HP Tank offline for six months during the 2022 summer for maintenance 
and repair. While the HP Tank is offline, the 400 PZ available storage will be reduced to 0.52 MG, 
which is not sufficient to meet the largest fire requirement in the PZ (4,000 gpm for 4 hours = 
0.96 MG). The City is required to hold sufficient fire flow storage for the largest fire at all times.  

The Comp Plan storage analysis found the 400 PZ did not require equalizing storage (used to 
meet peak demands) based the City’s storage criteria. Additionally, the 400 PZ Emergency (also 
known as Standby) storage is combined with fire flow storage, therefore, no additional 
emergency storage is required beyond the above fire flow storage, of 0.96 MG, per City criteria. 
Therefore, all alternatives developed below provide a minimum available storage of 1 MG to 
provide operational and sufficient PZ fire flow storage. Further detail on sizing will be provided in 
Section 6 for the different alternatives developed in this study. 

The HP Tank is currently effectively supplying operational storage to the 337 PZ. With the 
HP Tank offline, the City will likely be required to change well and pump station set points 
throughout the system to mitigate the reduced storage volume. These changes will likely require 
substantial effort by City Staff and may require new programming to provide the needed 
controls in supervisory control and data acquisition (SCADA). Additional storage may be sought 
beyond the 1 MG to lessen changes to system operations.  



400 PRESSURE ZONE STORAGE STUDY | 337 PZ FACILITIES & PRESSURE, & 400 PZ STORAGE STUDIES | CITY OF LACEY 

 FINAL | OCTOBER 2018 | 17 

Note, the City’s storage criteria does not consider sharing between PZs, where the 337 PZ has 
sufficient storage for operation, equalizing, and fire suppression storage. Therefore, there is no 
change in the 337 PZ storage deficit with the HP Tank offline.  

5.2   Baseline Condition 

A preliminary analysis was completed using the City's existing hydraulic model. The modeling 
did not include improvements identified in the 337 PZ Pressure and Storage Study that was 
completed in parallel with this analysis.  

5.2.1   Minimum Pressures during PHD 

During PHD, the City’s goal is to maintain a minimum pressure of 40 psi at every customer in the 
system. With S07 and S19 offline, HP Tank online, and the current system configuration, the 
infrastructure appears to be able to serve the 400 PZ through 2028 in terms of pressures, as 
illustrated in Figure 7. No model node falls below 40 psi under the 2028 PHD condition. Both 
2022 and 2028 PHD conditions were run in the model, this report only shows 2028 PHD, as this 
condition has the highest demands and would trigger the minimum pressures. However, 
Appendix C details modeling results for all conditions for additional detail. Figure 8 shows the 
impact of the projected demand increase between planning years 2022 and 2028. Figure 8 shows 
that the increase in demands between 2022 and 2028 did not significantly impact the minimum 
pressures in the 400 PZ and that all nodes varied between -5 psi and +2 psi between planning 
years 2022 and 2028. 

5.2.2   Residual Pressures during MDD + Fire 

During a fire flow condition, the City’s goal is to maintain 20 psi everywhere in the system 
assuming the fire event occurs during a MDD condition. The hydraulic model was run for both 
2022 and 2028 MDD + Fire condition. Results show that the 400 PZ is able to provide the 
required fire flows while maintaining 20 psi everywhere in the system. Figure 9 illustrates the 
residual pressures in the 400 PZ under 2028 MDD + FF condition, which is anticipated to be the 
worst case scenario because of increased demands from 2022. Both planning years did meet the 
City’s criteria and Appendix C includes all modeling results for further details. 

5.3   Impact of Hawks Prairie Offline  

The hydraulic model was run under the 2016 summer demand condition with well S09 and S17 
offline to understand the impact of taking Hawks Prairie offline in the distribution system’s 
pressures and service goals. As illustrated on Figure 10, when the HP Tank is offline, the pressure 
in the northern portion of the 400 PZ cannot hold the hydraulic-grade-line (HGL) under 2016 
summer conditions. As a result, the infrastructure cannot serve the customers under these 
conditions. This is due to a combination of lack of storage in the PZ and lack of transmission 
piping. 
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 Figure 7  Minimum Pressures under 2028 PHD Conditions - Baseline
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Assumptions: 
 - Hawks Prairie Tank Online
 - Wells 7 and 19 Offline
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 Figure 8  Change in Min. Pressures under 2022 and 2028 PHD Conditions - Baseline
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 Figure 9  Residual Pressures under 2028 MDD plus Fire Flow Conditions for Baseline
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 Figure 10  Minimum Pressures under Summer 2016 Conditions - Hawks Prairie Tank Offline

400 PRESSURE ZONE STORAGE STUDY | CITY OF LACEY

Assumptions:
 - Hawks Prairie Tank Offline
 - Wells 7 and 19 Offline
 - All PRV Stations to 400 PZ Online
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Section 6 

RECOMMENDED ALTERNATIVES 

As detailed in Section 5, the initial analysis showed that the northern area of the 400 PZ of 
Interstate 5 (I-5) fell below 30 psi in some locations when the HP Tank was taken offline under 
2016 PHD conditions.  

The 400 PZ's northern and southern portions are connected via several pipelines that cross I-5. 
Very minor restrictions were identified in the hydraulic model in the pipes crossing I-5 during 
normal conditions. Maximum velocity results are found in Appendix C. These were not included 
in the main report, as these results did not trigger deficiencies in the 400 PZ and alternatives.  

The storage analysis also indicated that the 400 PZ cannot meet the fire suppression storage 
requirement of 0.96 MG with the HP Tank offline. Without the HP Tank, the City's 400 PZ has 
0.52 MG of fire suppression storage.  

Storage alternatives were developed to meet fire suppression storage and maintain minimum 
service pressures under 2022 PHD conditions when the HP Tank will be taken offline for 
maintenance and repair. The following sections describe the facilities associated with each 
400 PZ recommended alternatives and present the results from the hydraulic analysis. Note, 
Wells S07 and S19 are offline for all alternatives to match the operational and redundant supply 
scenarios. 

6.1   Alternative 1 

Alternative 1 avoids constructing a new tank in the distribution system. With this alternative, 
storage volume not accessible under the existing configuration is used.  

Alternative 1 initially considered two sub-alternatives: 

• A: Access existing storage in 337 PZ at Steilacoom Tank via a new pump station. Note 
that the 337 PZ does not have supply to spare during high demand. Approximately 
1,160 feet of 16-inch diameter pipe is required to connect the new pump station to the 
400 PZ. This Alternative was unstable in the hydraulic model and was abandoned. 
Alternative 1B below is used for modeling and results in this section. 

• B: Access dead storage in the McAllister Tank via a new pump station. This would allow 
the full 1 MG tank to be used during a Fire or other emergency. This alternative is 
referred to as Alternative 1 in this Technical Memorandum (TM). 

Note, that the McAllister Tank will need to be reconfigured so it can be isolated from the system 
while the pump station is running. Doing so would keep pressures in the 400 PZ from dropping 
below acceptable pressures.  

In addition to the proposed pump station, Alternative 1 would carry out the following system 
improvements: 

• Adding variable frequency drives (VFDs) to pumps in the HPWTF low lift pumps. This 
helps the pumps match demands when HP Tank is offline. 
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• Making full use of Madrona Well Field's full water rights by increasing the transmission 
capacity. 

• Completing main improvements (37,300 LF) to help move water from the southern 
portion of 400 PZ to the northern portion, especially with increased supply from 
Madrona. The transmission main alignments and sizing are shown in Figure 11 for 
Alternative 1. 

• Completing operational changes while the HP Tank is offline.  

6.1.1   2022 Hawks Prairie Tank Offline 

Alternative 1A was operationally challenging and unstable in the model, so it was not selected 
for further evaluation, and no modeling results were reported. This is because most of the City’s 
supplies are controlled by the Steilacoom Tank. This alternative would therefore require 
significant changes in the SCADA system and operations.  

Alternative 1B (Alternative 1) was run in the hydraulic model. Results indicated that the 
alternative does not maintain pressures above 40 psi throughout the PZ under PHD conditions in 
2022, as shown in Figure 12. Several locations slightly drop down to 38 to 39 psi due to slightly 
higher ground elevations in the area. Note, Alternative 1 does meet DOH's minimum pressure 
requirement of 30 psi. 

Figure 13 shows that Alternative 1 can give the City its desired level of service during a MDD plus 
fire flow event condition with the current piping infrastructure. However, to achieve this level of 
service, extensive distribution main improvement would be required. Modeling showed that at 
least 37,300 LF of pipes would need to be constructed for this alternative to meet level of service 
goals.  

Normal changes in supply or operation appear to cause large drops in pressures in the northern 
portion of the system when the HP Tank is offline. To better maintain minimum pressures, PRV 
stations were taken offline while the HP Tank is offline to limit the movement water from the 
400 PZ to 337 PZ. Table 4 summarizes inactive PRVs for each Alternative. The City has flexibility 
to setting and operating its PRVs; therefore, valve operation was divided by normal conditions 
(2022 PHD) and during fire flows (2022 MDD + FF). To reduce the complexity of this dual 
approach, the City could elect to apply the more stringent fire flow requirements to all 
conditions. However, this will likely require adjustments to 337 PZ operations to reduce flow 
from the 400 PZ. Detailed facility controls and operational changes made in the model for 
Alternative 1 are documented in Appendix A. 

Table 5 Temporarily Offline PRV Stations during Hawks Prairie Reservoir Offline  

PRV Station 

PRV Station Status while Hawks Prairie Tank is Offline 

2022 PHD 2022 MDD + FF 

Alt. 1 Alt.2  Alt. 3 Alt. 1 Alt.2  Alt. 3 

Britton Inactive Inactive Inactive Inactive Inactive Inactive 
Galaxy Inactive Inactive Inactive Inactive Inactive Inactive 
Pergrine Active Active Active Inactive Inactive Active 
Steilacoom Active Active Active Inactive Inactive Active 
Mt. Aire Active Active Active Inactive Inactive Active 
Mugho Active Active Active Inactive Inactive Active 
Marvin Active Active Active Active Active Active 



ÍB

ÍB

ÍB

ÍB

ÍB

ÍB

ÍB

ÍB

ÍB

ÍB

ÍB

ÍB

ÍB

ÍBÍB

ÍB

ÍB

"=)

"=)

Britton

M
arvin

M
eridian

Martin

Viewpoint

Pacific

M
ar

vi
n

Union Mills

G
atew

ay

Woodland

41st

46th

Willamette

UT

UT

UT

UT"=)

UT

#*

!ã

!ã

!ã!ã!ã

!ã

!ã

!ã!ã

!ã

!ã!ã!ã

"=)

460PZ PS

McAllister
Tank

Wells 21, 
22, & 28

Well 20

Well 27

460 PZ PS

Wells 
15 & 16

Wells 19, 31,
& Marvin Rd.

Hawks Prairie
Tank & PS

HPWTF

Steilacoom
Tank

Union Mills
Tank

Well 29

§̈¦5

Britton
PRV Station

Galaxy 
PRV Station

Peregrine
PRV Station

Steilacoom 
PRV Station

Mt. Aire PRV
Station

Marvin PRV
Station

Mugho PRV
Station

Well 24Well 25

O
0 5,0002,500

Feet

Disclaimer: Features shown in this 
figure are for planning purposes and 
represent approximate locations. 
Engineering and/or survey accuracy
is not implied.

Data Sources: City of Lacey, 
Thurston County, WA.

 Figure 11  Alternative 1 Improvements
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6.1.2   2028 Hawks Prairie Tank Online 

Alternative 1 was evaluated to understand operations with the new infrastructure after the 
HP Tank is back online. City staff raised concerns over the potential increase in water age from 
the larger distribution mains.  

In order to significantly decrease headloss in the system to allow to serve the customers in the 
north-end of the 400 PZ when Hawks Prairie is out of service, more than 33,000 LF of pipe upsize 
is recommended. However, when HP Tank goes back online, these pipes will not be needed as 
much, and will flow a lower amount of water to the north. In return, water age is expected to 
increase; these pipes become oversized when both McAllister and HP Tank are online, and water 
quality challenges outweighed this benefit. 

Based on the recommended infrastructure needed for this alternative, the need to cross both 
railroad and I-5, and the alternative's operational instability, it was eliminated from further 
consideration. Further information on ranking can be found in Section 8.  
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 Figure 12  Min. Pressures under 2022 PHD Conditions - Alt. 1, 
Hawks Prairie Tank Offline
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 Figure 13  Residual Pressures under 2022 MDD plus Fire Flow Conditions - Alt. 1,
Hawks Prairie Tank Offline 
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6.2   Alternative 2 

Alternative 2 involves constructing an at-hydraulic-grade tank at the existing Marvin Well site, 
which is located next to the new school site, as shown on Figure 14. The at-hydraulic-grade tank 
will be a redundant tank that provides 400 PZ with gravity storage. The following preliminary 
tank characteristics were modeled:  

• Tank Type = At-hydraulic-grade elevated tank. 
• Storage Capacity = 1.0 MG. 
• Approximate Height = 36 feet. 
• Approximate Diameter (at constant slope) = 75.6 feet. 
• Tank overflow elevation: 400 feet to match 400 PZ's HGL. 
• Approximately 570 feet of 16-inch diameter transmission main to connect the tank to 

the distribution system.  

In addition to the at-hydraulic-grade tank, Alternative 2 would carry out the following 
improvements: 

• Adding VFDs to pumps in the HPTWF’s low lift pump station to match demands. 
• Upsizing approximately 1,100 feet of 12-inch diameter distribution main to 16-inch 

diameter distribution main for Madrona Well Improvements. 

Figure 14 shows facilities associated with Alternative 2 improvements. The new 
at-hydraulic-grade tank was sized so it allows the City to meet minimum fire suppression storage 
and add additional equalization storage.  

To maintain tank levels and turnover, it is recommended that the controls at Madrona Well Field 
look at the water level in the new above hydraulic grade tank. The hydraulic model was used to 
determine general operational schema with the new infrastructure and make sure that the new 
tank could be operated in the operational band of storage. However, if this alternative moves 
forward, it is recommended that the City optimizes operation of the wells with Hawks Prairie and 
the new at hydraulic grade tank during the pre-design process. 

6.2.1   2022 Hawks Prairie Tank Offline 

Figure 15 shows the minimum system pressures under 2022 PHD conditions with the HP Tank 
offline. The at-hydraulic-grade tank provides a sufficient level of service while the HP Tank is 
offline, except for two isolated areas.  

According to the hydraulic model, minimum pressures in pressure-deficient areas fall just below 
40 psi for a relatively short time. Regardless, the pressure deficiencies still satisfy DOH's 
minimum pressure requirement of 30 psi. The system deficiencies can be mitigated with system 
operation optimization. 

Two locations slightly drop below the 40 psi pressure goal in the northern area of the 400 PZ, as 
illustrated in red in Figure 15. These locations drop down to 37 to 38 psi due to slightly higher 
ground elevations in the area. The City considered these minor pressure deficiencies to be 
acceptable.  

Figure 16 shows that the system can provide fire flow requirements during MDD plus fire flow 
condition while maintaining 20 psi in the system under Alternative 2. 
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To meet the minimum pressure criteria, closing Galaxy and Britton Parkway PRV stations is 
recommended while the HP Tank is offline, and closing all PRVs, except Marvin Road, is 
recommended during a fire event condition, as summarized in Table 4 Detailed facility control 
and operational changes in the hydraulic model can be found in Appendix A. 

6.2.2   2028 Hawks Prairie Tank Online 

Adding an at-hydraulic-grade tank requires change in supply and pumping setpoints during 
normal operations to turnover both the new tank and existing HP Tank. It is recommended that 
the controls at Madrona Well Field look at the water level in the new above hydraulic grade tank. 
The hydraulic model was used to determine general operational schema with the new 
infrastructure and make sure that the new tank could be operated in the operational band of 
storage. However, if this alternative moves forward, it is recommended that the City optimizes 
operation of the wells with Hawks Prairie and the new at hydraulic grade tank online 
simultaneously during the pre-design process. After operational controls are optimized, the tank 
turnover can be expected to be similar to Alternative 3 (Section 6.3). 

While the level of service in the 400 PZ is expected to slightly decrease when the HP Tank is 
offline compared to current level of service with the HP Tank online, the level of service with 
both tanks online is anticipated to be consistent with the baseline existing system. The system 
meets minimum pressure criteria and shows little to no change from the baseline condition 
shown in Appendix C.  

2028 MDD scenario was run in the hydraulic model and assumed Hawks Prairie online in all 
alternatives scenarios. Residual pressures during the 2028 MDD plus fire flow event were 
sufficient and greater than baseline at some locations because of increased available pressure 
where the new at-hydraulic-grade tank can provide fire flow at higher pressures then the 
HP Tank. Results are provided in Appendix C. 
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 Figure 14  Alternative 2 Improvements
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 Figure 15  Minimum Pressures under 2022 PHD Conditions - Alt. 2, 
Hawks Prairie Tank Offline

New Elevated Tank
Capacity = 1.0 MG

400 PRESSURE ZONE STORAGE STUDY | CITY OF LACEY

Assumptions:
 - Proposed Elevated Tank Online
 - Hawks Prairie Tank Online
- Well 7 and 19 Offline
- Britton and Galaxy PRV Stations Offline 

Legend
Min. Pressure

< 30 psi
30 - 40 psi
40 - 80 psi
> 80 psi

Water Distribution System
UT Proposed Elevated Tank

!ã Well

UT Tank
UT"=) Tank & PS

UT"=) Offline Tank & PS

#* HPWTF
"=) Pump Station
ÍB PRV Station

Water Main
City Limits
Urban Growth
Management Area
Street
Waterbody
Waterway

Pressure Zone
188
211
224
275
337
375
400
422
460

Water Main Capacity
Improvement



ÍB

ÍB

ÍB

ÍB

ÍB

ÍB

ÍB

ÍB

ÍB

ÍB

ÍB

ÍB

ÍB

ÍBÍB

ÍB

ÍB

"=)

"=)

Britton

M
arvin

M
eridian

Martin

Viewpoint

Pacific

M
ar

vi
n

Union Mills

G
atew

ay

Woodland

41st

46th

Willamette

UT

UT

UT

UT"=)

UT

#*

!ã

!ã

!ã!ã!ã

!ã

!ã

!ã!ã

!ã

!ã!ã!ãUT

460PZ PS

McAllister
Tank

Wells 21, 
22, & 28

Well 20

Well 27

460 PZ PS

Wells 
15 & 16

Wells 19, 31,
& Marvin Rd.

Hawks Prairie
Tank & PS

HPWTF

Steilacoom
Tank

Union Mills
Tank

Well 29

§̈¦5

Britton
PRV Station

Galaxy 
PRV Station

Peregrine
PRV Station

Steilacoom 
PRV Station

Mt. Aire PRV
Station

Marvin PRV
Station

Mugho PRV
Station

Well 24Well 25

O
0 5,0002,500

Feet

Disclaimer: Features shown in this 
figure are for planning purposes and 
represent approximate locations. 
Engineering and/or survey accuracy
is not implied.

Data Sources: City of Lacey, 
Thurston County, WA.

 Figure 16  Residual Pressures under 2022 MDD plus Fire Flow Conditions - Alt. 2, 
Hawks Prairie Tank Offline
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6.3   Alternative 3  

Alternative 3 involves constructing a below-hydraulic-grade tank (Sister Tank) on the HP Tank 
site. The Sister Tank would have similar hydraulic characteristics as the existing HP Tank and 
would use the existing Hawks Prairie Pump Station. The modeled Sister Tank characteristics are 
as follows: 

• Tank Type - Stand Pipe. 
• Storage Capacity = 1 MG. 
• Overflow Elevation = 380 feet to match the existing HP Tank. 
• Approximate Height = 85 feet. 
• Approximate Diameter = 45 feet. 
• Field piping to allow the existing 4 MG and new 1 MG to be connected during normal 

operation and isolated from each other for maintenance.  

If the City selects this alternative, these characteristics will need to be evaluated in further detail 
and refined under the pre-design effort.  

In addition to the new Sister Tank, the following system improvements are required under 
Alternative 3: 

• Upsizing approximately 1,100 feet of 12-inch diameter distribution main to 
16-inch diameter distribution main, as shown in Figure 17. 

6.3.1   2022 Hawks Prairie Tank Offline 

Of all three alternatives, the Sister Tank option provides the highest level of service while the 
HP Tank is offline. Figure 18 shows these results are very similar to the baseline condition, as 
Alternative 3 can maintain system pressures above 40 psi under 2022 PHD conditions without 
major changes to system operation with the 1 MG Sister Tank and existing pump station.  

Some operational changes might be required to ensure that the system maintains the minimum 
level of service goals and sufficient fire flow storage when the HP Tank is offline. The SCADA 
data and wells will need to be reprogrammed to be controlled from the Sister Tank water level. 
With the HP Tank offline and the smaller volume at the Sister Tank, storage volume at the 
Hawks Prairie site is decreased and therefore new call set points on the wells will be required to 
ensure the water level in the Sister Tank remains above the equalizing band at all time. 

Similar to the other two alternatives, both Britton and Galaxy PRV Stations are recommended to 
be closed while the HP Tank is offline during peak demand days to maintain sufficient volumes of 
water in the Sister Tank. If these PRVs remain online, it is anticipated that too much water would 
be transferred from the 400 PZ to the 337 PZ, lowering water levels in the Sister Tank, there will 
be insufficient water supply for the 400 PZ. Closing Britton and Galaxy PRV Stations will reduce 
the pressures in the 337 PZ by 2 to 3 psi. Sufficient supply is provided to the 337 PZ through the 
other PRVs. Tank operation shows sufficient level and good turnover, as show in Figure 19. For 
detailed facility control and operational changes made in the model see Appendix A. 
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 Figure 17  Alternative 3 Improvements
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 Figure 18  Minimum Pressures under 2022 PHD Conditions - Alt. 3 
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The model results indicate that the Sister Tank should be a minimum of 1.0 MG. Subsequently, 
the figures in this study are based on a 1.0 MG tank, such as Figure 19, which shows the water 
level of the 1.0 MG tank when the HP Tank is offline. However, the City requested a 1.5 MG tank. 
The larger tank will provide more operational storage to the 337 PZ, which is currently 
dependent on the 400 PZ storage, more operational flexibility, and will allow for future growth in 
demand beyond the 4 to 10 year projections of this study. As a result, Carollo has provided a cost 
estimate and tank characteristics for a 1.5 MG tank in this report. Tank characteristics are 
presented in Table 5 below. Note, that the Hawks Prairie Booster Pump Station (BPS) is unable 
to pump to a depth below 6 feet when its fire flow pumps are being operated, which is 
considered unusable.  

Table 6 Recommended 1.5 MG Sister Tank Characteristics 

Parameter 1.5 MG Sister Tank 
Height 85 feet 
Diameter 55 feet 
Volume per Foot of Storage 0.0178 MG/feet 
Available Storage Volumes 79 feet (1.41 MG) 
Unusable during Fire Flow 6 feet (0.11 MG) 

The Sister Tank sizing should be reevaluated during tank pre-design when demand and 
operational schemes will be better known. 

 

Figure 19 Sister Tank Water Level under 2022 MDD Condition 

Figure 20 shows that the system can maintain residual pressure requirements during 2022 MDD 
plus fire flow event for Alternative 3. 
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 Figure 20  Residual Pressures under 2022 MDD plus Fire Flow Conditions - Alt. 3, 
Hawks Prairie Tank Offline
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6.3.2   2028 Hawks Prairie Tank Online 

Because the HP Tank and Sister Tank are near each other, both are anticipated to act as a single 
tank during normal operations. Figure 21 shows that, under 2028 PHD conditions, both tank 
levels are virtually identical during normal operations and are nearly identical to the 2028 
baseline HP Tank level. During normal operations, changes to supply controls are required to 
allow good turnover within the HP Tank sites. Additional operational changes might also be 
required during lower demand periods to optimize water age in the tanks from added storage 
volume.  

With both tanks online at the Hawks Prairie site, SCADA and especially wells will need to be 
reprogrammed to account for both tanks operations. Ideally, it is recommended that both tanks 
be hydraulically connected and "float" on the same HGL. However, based on site condition, it is 
recommended that the operation of both tanks in conjunction be confirmed. 

With the HP Tank online, modeling showed very limited change compared to the Baseline 
Scenario (see Section 5.2) for the 2028 PHD. The minimum pressure criteria are met during both 
2028 PHD and 2028 MDD plus fire flow conditions. Detailed results are shown in Appendix C. 

 

Figure 21 Change in Tank Water Levels during 2028 PHD between Alternative 3 and Baseline 
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Section 7 

LIFE-CYCLE COSTS AND CAPITAL COSTS  

This section summarizes the cost assumptions used to develop costs for each alternative that 
will be used to compare alternatives.  

When possible, life-cycle costs are generated for new infrastructure to help select preferred 
improvements. Life-cycle costs include both capital costs and O&M costs over a 50-year period.  

Capital costs relate to the construction of new infrastructures, whereas O&M costs relate to 
operations and maintenance of new facilities.  

The following capital costs assumptions are discussed below: 

• Supply. 
• Transmission. 
• Treatment. 
• Booster Pump Stations. 
• Storage. 
• Land acquisition. 

The following items were collected and used to develop operations and maintenance costs: 

• Energy. 
• City staff effort. 
• Pump station rehabilitation. 
• Tank recoating. 
• Valve maintenance. 

7.1   Cost Estimating Methodology Assumptions 

Cost estimates were developed for each alternative's supply, transmission, and treatment 
components. These costs are planning-level estimates only and should be refined during 
pre-design.  

The cost estimates developed in this chapter are AACE Class 4 estimates. Class 4 estimates are 
budget level estimates. Actual costs may vary from these estimates by -30 percent to 
+50 percent.  

Project costs are also planning-level projections based on approximate average costs for similar 
projects.  

All capital costs are in May 2018 dollars inflated to the year the project is expected to be 
constructed in. The Engineering News-Record's US 20-City Construction Cost Index for 
May, 2018 is 11013. O&M costs were inflated to the year the operation or maintenance will be 
performed. 

The annual construction cost inflation rate of 3.0 percent is applied to the life-cycle costs.  
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7.2   Capital Cost Assumptions 

The unit costs in this section were used to develop construction costs for each alternative. To 
develop the total project cost, construction costs were inflated using the cost factors shown in 
Table 6. 

Table 7 Cost Factors 

Cost Factor Description Factor 

All Projects   

Contingency Costs that may occur due to uncertainty in 
project scope and conditions. 

30% 

Water Main Replacement Projects  

City of Lacey staff, project 
and construction engineering 
finance codes 

Costs for a project's in-house planning, design, 
and construction administration. 

19%  

Other Costs for connection and permitting fees, 
easements, land acquisition, advertising, and 
finance administrative fee. 

6% 

Water Well Projects   

City and consultant, project 
and construction engineering 
finance codes 

Costs for a project's studies, planning, design, 
and construction administration. 

35%  

Other Costs for connection and permitting fees, 
easements, land acquisition, advertising, and 
finance administrative fee. 

6% 

Booster Pump Station & Tank Projects  

City and consultant, project 
and construction engineering 
finance codes 

Costs for a project's studies, planning, design, 
and construction administration. 

40% 

Other Costs for connection and permitting fees, 
easements, land acquisition, advertising, and 
finance administrative fee. 

5% 

7.2.1   Supply  

No supply projects costs were included in the 400 PZ.  

7.2.2   Transmission 

Table 7 shows transmission main unit construction costs. These unit costs assume open-trench 
construction and include pavement cutting, excavation, hauling, shoring, pipe materials and 
installation, backfill material and installation, and a minimum pavement replacement of half the 
street. These costs also assume that main pipelines less than 12 inches in diameter are polyvinyl 
chloride (PVC) and mains 12 inches and greater are ductile iron. The unit costs are for “typical” 
field conditions with construction in stable soil at a depth ranging from three to five feet. 

Acquisition, easements, and right-of-ways (ROWs) may be required for some of the 
recommended projects. For these cost estimates, pipeline corridors were assumed to be in a 
public ROW and do not require land acquisition.  
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Table 8 Transmission Costs 

Element Unit Unit Construction Cost ($/LF) 

8-inch Pipe LF $180 

10-inch Pipe LF $200 

12-inch Pipe LF $220 

16-inch Pipe LF $240 

18-inch Pipe LF $260 

24-inch Pipe LF $310 

7.2.3   Treatment 

The Hawks Prairie Treatment Facility improvements will add VFDs to the low-lift pumps. A lump 
sum cost of $250,000 was used based on past projects and previous cost estimates.  

7.2.4   Booster Pump Stations 

BPS costs were included for ground tanks in some alternatives for both 337 and 400 PZs. BPS 
construction costs were estimated using a unit construction cost based on the number of pumps 
and horsepower (hp) of each pump.  

Table 8 lists the unit construction costs used. Unit construction costs include site work, pumps, a 
structure, all mechanical and electrical equipment, and a back-up generator. The cost to add a 
VFD was assumed to be $50,000 using previous projects and engineer’s estimates. 

Table 9 Pump Station Costs 

Horsepower Unit Unit Construction Cost 

0 to 199 hp Per hp per Pump $8,200 

200 to 349 hp Per hp per Pump $3,300 

350 to 649 hp Per hp per Pump $2,500 

>650 hp Per hp per Pump $1,700 

7.2.5   Storage 

New storage tank project costs were developed based on typical costs from past projects and 
Carollo's experience. Conceptual costs for tanks vary based on the type of storage: ground, 
standpipe, and elevated.  

These costs were estimated using tank volume in gallons, as presented in Table 9. Tank costs are 
sensitive to site-specific geotechnical and seismic considerations; as a result, Carollo 
recommends conducting a tank siting study whenever a new tank project starts to address these 
issues. 
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Table 10 Tank Costs 

Tank Type Cost per gallon ($/gallon) 

Ground $1.20 

Standpipe $2.00 

Elevated $4.00 
Note: 
(1) Tank unit costs are for construction only. 

7.2.6   Land Acquisition 

Land acquisition was estimated at $500,000 per acre of land. None of the alternatives required 
land acquisition. 

7.3   Operation and Maintenance Costs 

7.3.1   Energy 

The City provided an estimate of energy costs at $0.11/ kilowatt-hour (kWh). 

Each pump's conceptual hp was calculated based on the facility's hydraulics. Pumps were sized 
based on hydraulic modeling conducted during the MDD.  

The following pump efficiencies and treatment facility headloss characteristics were applied to 
size the pump's hp: 

• Using the City’s typical energy consumption, energy costs for Alternatives 1A and 1B 
were assumed to be $0.11 per kWh.  

• Energy costs for Alternative 3 assumes $1,000 per month (accounting for lighting and 
pumping required under Alternative 3) for general electrical costs (instrumentation, 
SCADA, site lighting, etc.).  

• Alternatives 1 and 2 assume $100 per month (accounting for general lighting at site).  
• All energy costs assume a 3.0 percent general cost inflation per year, as noted in the 

City’s 2013 Water Rate Study. 

The resulting energy costs over 50 years are provided as a lump sum in the cost estimates 
presented in Appendix B. 

7.3.1.1   Booster Pump Stations 

The booster pumps' energy use was calculated using its anticipated design flow rate and design 
head. Pump and motor efficiencies were assumed to be the following:  

• Pump efficiency of 85 percent. 
• Motor efficiency of 90 percent.  

Booster pumps will likely be operated to meet peak demands beyond the average MDD met by 
supplies. Peak demands were calculated using the City’s summer diurnal curve, which was based 
on the 2016 consumption data shown in Figure 23. For each facility, the pump station's total 
usage was estimated using the hydraulic model. Conservatively, MDD booster station pumping 
was assumed to occur 60 days each year. 
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Figure 22 2016 Summer Diurnal Curve 

7.3.1.2   Well Pumping 

Well energy use was determined from existing City sources. The following sources represent the 
proposed supply projects and were thus used to size pumps: 

• S02 – Well No. 2. 
• S06 – Well No. 6. 
• S07 – Well No. 7 + ATEC water treatment facility (Iron & Manganese Removal, 

disinfection). 
• S21 – Madrona Well No. 1. 
• S19 – Hawk’s Prairie No. 1 + Hawks Prairie Treatment Facility (Iron & Manganese 

removal, Ammonia removal, Hydrogen Sulfide removal, disinfection). 

Disinfection at other wells was assumed to have a negligible impact on well energy use. 

The supply improvements are intended to meet MDD with redundant supplies and operational 
flexibility. Because the goal is more operational flexibility, the total amount of pumping 
throughout the year cannot be predicted. Furthermore, although pumping from new supplies 
may offset existing supplies, calculating this is beyond the scope of the project. As a result, 
energy costs were considered on a $/unit of pumping basis. 

7.3.2   City Labor 

City-provided staff to operate and maintain facilities was estimated for the generalized facilities 
described below. 

7.3.2.1   Supply 

• Well Supply, Disinfection Only (similar to S29): 204 hours, 0.10 full time 
equivalent (FTE), $18,478.32. 
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• Well Supply, Corrosion Control, Disinfection (similar to S04): 245 hours, 0.12 FTE, 
$22,192.10.  

• Well Supply, Iron and Manganese Treatment, Disinfection (similar to Well 7 and 
ATEC system): 3,842 hours, 1.85 FTE, $348,008.36. 

• Well Supply, Iron and Manganese Treatment, Ammonia treatment, Hydrogen Sulfide 
treatment, and disinfection (Similar to S19 and Hawks Prairie Treatment Facility): 
3,655 hours, 1.76 FTE, $331,069.90. 

7.3.2.2   Pumping 

• Large Booster Pump Station with backup generator (similar to Westside): 161 hours, 
0.08 FTE, $14,583.38. 

• Large Booster Pump Station without backup generator (similar to hp booster): 36 hours, 
0.02 FTE, $3,260.88. 

• Small Booster Pump Station without backup generator (similar to McAllister/460 BPS): 
12 hours, 0.01 FTE, $1,086.96.  

• Booster Pump Station, PZ Transfer (limited use): although none is in the system, 
operations would run it at least once a month, so 12 hours, 0.01 FTE, $1,086.96 was 
assumed. 

7.3.2.3   Tank 

• Below Hydraulic Grade Storage (similar to Steilacoom Tank): 137 hours, 0.07 FTE, 
$12,409.46. 

• At Hydraulic - Grade (Elevated) Storage: assumed to have the same labor costs as the 
below hydraulic grade storage. 

7.3.2.4   Valves 

• Pressure Reducing Valve Station (similar to PRV15, with SCADA control): 16 hours, 
0.01 FTE, $1,449.28. 

Note that isolation valves will likely be exercised through the City’s existing valve program with 
negligible commitment needed from new staff. 

Annual labor for new facilities was based on the existing facility that most closely matches the 
proposed facility. A Controls Technician/Water Treatment Plant Operator (WTPO) was assumed 
to perform the work, with a labor cost of $90.58/hour. This cost includes overhead, equipment, 
small tools, and vehicles. 

A 3.0 percent labor cost inflation rate was applied to all labor costs per the 2013 Water Rate 
Study. 

7.3.3   Pump Station Rehabilitation 

Pumps require regular preventative maintenance to operate efficiently. Typically, this 
maintenance is performed by City Staff. Even with preventative maintenance, however, pumps 
and motors require complete replacement every 20 years or so due to wear. Often, code 
revisions also require modernizing replacement electrical equipment.  

Pump station rehabilitation projects were assumed to cost 33 percent of the total pump station 
costs every 20 years. A 3.0 percent general cost inflation was applied per the City’s 2013 Water 
Rate Study. 
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7.3.4   Tank Recoating 

Steel water storage tanks typically require periodic recoating every 30 years. To compare 
alternatives, high-level conceptual costs for steel tank recoating were estimated. Unit costs are 
as follows: 

• Tank Recoating: $7.59 / square feet (sf). 
• Overspray Protection. 
• Elevated Tank Surcharge.  

These general costs include basic preparation, containment, coating material, installation, and 
restoration of tank appurtenances. Note that recoating material costs vary depending on the 
material and aesthetic specifications. Costs do not include the cost to repair corrosion or other 
surface damage and to replace damaged appurtenances. Complex surfaces, such as a 
multi-legged elevated tank, may incur additional costs due to the increased contractor effort.  

Tank recoating costs should be refined during planning and predesign of any future tank. A 
3.0 percent general cost inflation was applied per the City’s 2013 Water Rate Study. 

7.3.5   Valve Maintenance 

The City contracts with GC Systems to rebuild its PRVs every five years, with an average cost of 
$2,000/valve. Proposed PRV and check valve stations are anticipated to require similar 
maintenance costs, on average. 

7.4   400-PZ Alternative Costs Summary 

The resulting costs for the four alternatives are shown in Table 10. Detailed costs for each 
alternative can be found in Appendix B. 

Table 11 Summary Costs 

Costs 
400 PZ  

Alternative 1 
400 PZ  

Alternative 2 
400 PZ  

Alternative 3 

Capital Costs(1) $21,164,900  $9,105,200  $6,444,600(5)  

O&M Costs(2) $2,884,100  $2,300,800  $2,183,000  

Total Capital and O&M(3) $24,049,000  $11,406,000  $8,627,600 

Ranking (Score)(4) 1.2 3.0 4.4 
Notes:  
(1) Capital costs are in 2022 dollars.  
(2) O&M costs are inflated to the year in which the operation or maintenance is performed, over a 50-year period. 
(3) Total costs rounded to the nearest $100. 
(4) Weighted ranking from 1 (worst) to 5 (best) based on capital cost, water quality, timeline, and O&M. 
(5)  Costs based on 1.5 MG below-hydraulic-grade sister tank consistent with the Study’s final recommendation. 
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Section 8 

ALTERNATIVES RANKING 

8.1   Ranking Methodology and Criteria 

To compare the alternatives and help with a recommendation, ranking criteria were developed. 
As shown in Tables 11 and 12 below, the team scored each criterion between 1 and 5; a score 
of 1 was the worst, and a score of 5 was the best. To calculate a total score, the number was 
multiplied by the weight.  

Costs for each alternative were evaluated, including costs before and during repairs, such as 
construction costs for new infrastructure and improvements to transmission mains. Costs after 
repair, such as life-cycle costs, were also evaluated, including capital costs and costs for 
additional operations FTE, power, maintenance, and replacement.  

Water quality was evaluated by the team based on field observations and experience, since 
modeling results were not available at the time of the ranking. The alternatives' effects on water 
quality, such as whether it would improve, worsen, or not affect quality, were assessed. Items to 
consider when discussing water quality include the age of the water, chlorine demand, oxidation 
of manganese in the tank and distribution system, changes to source water movement and 
mixing in the distribution system, pH, corrosion, tank turnover, temperature, and nitrates. Water 
Quality was weighted differently for each time period. For modeling results of water age and 
source, refer to the 337 PZ Pressure and Storage Study. 

In addition to water quality, the time it will take to construct an alternative was assessed. The 
quicker an alternative can be completed, the sooner the tank could be repaired. Thus, 
alternatives that could be constructed faster were ranked higher. This criteria was considered 
only for the period leading up to the HP Tank outage.  

Lastly, the alternatives' O&M were evaluated, including whether the alternative improved or 
complicated operations, what impacts its O&M would have on the overall system, and how safe 
and easy it is to operate, maintain, and replace the new infrastructure. Note that additional O&M 
costs were not counted here, and that the criteria were weighted differently for each time 
period.   

Table 12 Ranking Leading up to and During Hawks Prairie Tank Outage 

Criteria Weight Alternative 1 Alternative 2 Alternative 3 

Capital Cost 30%  1  3  5 

Water Quality 10% 3 3 3 

Time Line 40% 1 3 5 

O&M  20% 1 3 3 

Total 100% 1.20 3.00 4.40 
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Table 13 Ranking after Hawks Prairie Tank Outage 

Criteria Weight Alternative 1 Alternative 2 Alternative 3 

Life Cycle Cost 30% 1 3 4 

Water Quality 40% 3 2 2 

O&M 30% 1 3 5 

Total 100% 1.80 2.60 3.50 

8.2   Recommended Alternative 

Based on the above ranking, Alternative 3 was recommended to move forward to pre-design and 
implementation. 
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Appendix A 
SYSTEM OPERATION AND MODEL UPDATE 
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Abbreviations 
Carollo Carollo Engineers, Inc. 

City City of Lacey 

EPS extended period simulation 
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gpm gallons per minute 

HGL hydraulic grade line 

HPWTF  Hawks Prairie Water Treatment Facility 

MG million gallons 

mgd million gallons per day 

MSL main sea level 

PRV pressure reducing valves 

psi pounds per square inch 

PSV pressure sustaining valve 

PZ pressure zones 

SCADA supervisory control and data acquisition 
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Section 1 

SYSTEM CONTROLS 

1.1   Background 

The City of Lacey (City) provided Carollo Engineers, Inc. (Carollo) with a hydraulic model of their 
existing water distribution system. The model was updated with future demands and 
recent/upcoming projects, which are described in Section 1.4. The hydraulic model was then 
used to conduct a hydraulic analysis on the selected alternatives as part of the 337 Pressure 
Zone (PZ) Facilities and Pressure, and 400 PZ Storage Studies. This Report summarizes changes 
made to the model controls depending on the alternative. 

1.2   Hydraulic Model Development 

This section summarizes elements of a hydraulic model, how facilities are represented in a model 
and a review of the City's existing hydraulic model. 

1.2.1   Elements of a Hydraulic Model 

The following provides a brief overview of the various elements of the hydraulic model and the 
required input parameters associated with each:  

• Junctions. Locations where pipe sizes change, where pipelines intersect, or where water 
demands are applied are represented by junctions in the hydraulic model. Required 
inputs for junctions include service elevation and water demands.  

• Pipes. Water mains are represented as pipes in the hydraulic model. Input parameters 
for pipes include length, roughness (Manning's n factor), diameter, and whether or not 
the pipe is a check valve (i.e., does not allow reverse flow). 

• Tanks. Cylindrical and Variable Area Tanks: Water tanks are included in the hydraulic 
model as either cylindrical tanks or variable area tanks, depending on the complexity of 
the tank geometry. Required input parameters for cylindrical tanks include bottom 
elevation, maximum level, initial level, and diameter. Required input parameters for 
variable area tanks include bottom elevation, maximum level, initial level, and a curve 
that varies the cross sectional area of the tank depending on the tank level (developed 
as appropriate based on As-built drawings). 

• Fixed Head Reservoirs (water sources): For water distribution system modeling, fixed 
head reservoirs are used to represent a water source with a constant hydraulic grade 
line (HGL). Typically, fixed head reservoirs are used to represent water sources, such as 
wells or other sources.   

• Pumps. Pumps are included in the hydraulic model as links. Input parameters for pumps 
include pump curves and operational controls.  

• Valves. A number of different valves, such as pressure reducing valves (PRVs) and float 
valves, are represented as links in the hydraulic model. Required input parameters for 
valves include diameter, operational controls, and other settings or headloss curves 
depending on the type of valve.  
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• Demands. Water demands are applied at specific junctions in the hydraulic model. Up to 
ten different demands can be assigned at a particular junction. 

1.2.2   Hydraulic Model Review 

The City provided Carollo with a calibrated hydraulic model updated with 2016 demands and 
2017 facilities to complete the alternatives analysis. A model review was conducted to 
understand the overall operations regarding production of various water supplies and system 
facilities prior to modeling alternatives.  

Figure 1.1 shows the modeled water distribution system's pipeline alignments, as well as the 
locations of the tanks, wells, pump stations, PRVs, interconnections, and pressure zones. The 
modeled water distribution system consists of over 324 miles of pipelines ranging from 0.5-inch 
to 18-inches in diameter. The following sections summarize the facilities characteristics and 
operational scheme. These sections include tables that summarize the facilities and lists 
simplified controls for the respective facilities. However, these tables do not fully represent the 
control logic within the hydraulic model. A copy of the detailed control logic is included in 
Appendix 1. 

1.2.2.1   Pressure Zones 

There are nine (9) PZs within the City's distribution system designed to provide acceptable 
operating pressures throughout the system. Table 1.1 lists the maximum HGL of each pressure 
zone, which range from 188 feet (ft) to 460 ft above mean sea level (MSL). The City delineated 
pressure zones using closed valves and pipes. 

Table 1.1 Pressure Zones 

Pressure Zone(1) Maximum HGL(1) (ft) 
Lowest Customer 

Static Pressure(2) (psi)(6) 
Highest Customer 

Static Pressure(3) (psi) 

188 PZ 188 22(5) 73 

211 PZ(4) 211 -- -- 

224 PZ 224 45 67 

275 PZ 275 34 89 

337 PZ 337 37 108 

375 PZ 375 63 113 

400 PZ 400 42 113 

422 PZ(4) 422 -- -- 

460 PZ 460 67 101 
Notes: 
(1) Source: City of Lacey Water Distribution System Hydraulic Model. 
(2) Lowest Customer Static Pressure = (PZ's Maximum HGL - highest PZ's elevation with demand)/2.31. 
(3) Highest Customer Static Pressure = (PZ's Maximum HGL - lowest PZ's elevation with demand)/2.31. 
(4) PZ was modeled as a single demand at a point within the PZ its source. 
(5) This is a junction pressure in the model. It is not the pressure customers receive. 
(6) psi: pounds per square inch.  
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1.2.2.2   Water Supply 

Water is supplied from 20 groundwater wells and the Olympia Water System is used under 
emergency conditions. For the purpose of the hydraulic analysis, the Olympia Water System is 
assumed to be inactive. Many of the hydraulic model's wells were modeled as a fixed head 
reservoir with a pump and control valves. The control valves would dictate the wells production 
and discharge pressure. It is assumed that the wells are calibrated and reflect actual well 
performance. Wells operate using control logic based on tank levels and system pressures. 
Table 1.2 lists the City's well characteristics such as supply pumping capacity in gallons per 
minute (gpm) and simplified controls. The capacities shown in Table 1.2 were taken from the 
City’s provided hydraulic model. These capacities were updated as part of the Ability to Serve 
analysis in Section 1.4.3. Detailed control logic is included in Appendix 1. 

Table 1.2 Groundwater Wells 

Well No. Pressure Zone 
Capacity(1) 

(gpm) 

S01 337 PZ 510 

S02 337 PZ 475 

S03 337 PZ 200 

S04 337 PZ 750 

S06 337 PZ 265 

S07 337 PZ 1,800 

S09 337 PZ 700 

S10 337 PZ 950 

S15 400 PZ 170 

S16 400 PZ 170 

S19 400 PZ 670 

S20 400 PZ 600 

S21 400 PZ 1,600 

S22 400 PZ 1,600 

S24 188 PZ 70 

S25 188 PZ 230 

S27 400 PZ 750 

S28 400 PZ 1,600 

S29 400 PZ 975 

S31 400 PZ 620 
Note: 
(1) Source: City of Lacey Water Distribution System Hydraulic Model. 

1.2.2.3   Storage Tanks 

Water distribution systems rely on stored water to help equalize daily fluctuations between 
supply and demand, to supply sufficient water for firefighting, and to meet demands during an 
emergency or an unplanned outage of a major source of supply.  



SYSTEM OPERATIONS AND MODEL UPDATE | CITY OF LACEY 

 FINAL | OCTOBER 2018 | 1-5 

The City's hydraulic model includes seven storage tanks and one clear well with volumes ranging 
from 0.15 million gallons (MG) to 4 MG. Table 1.3 summarizes detailed information for each of 
the storage tanks.  

Table 1.3 Storage Tanks 

Tank 
Pressure 

Zone 

Storage 
Capacity 

(MG) 
Grade 

Bottom 
Elevation 

(ft) 

Max. 
Water 

Level (ft) 

Maximum 
HGL (ft) 

Hawks Prairie 400 PZ 4.05 Below 295 85 380 

Judd Hill 337 PZ 0.34 Below 236 50 286 

McAllister 400 PZ 1.18 At 300 99 399 

Nisqually 188 PZ 0.15 At 162 28 190 

Steilacoom 337 PZ 2.94 At 267 71 338 

Union Mills 337 PZ 2.12 At 272 63 334 

West Side 337 PZ 1.86 Below 233 39 272 
Notes: 
(1) Source: City of Lacey Water System Comprehensive Plan. 
(2) Source: City of Lacey Water Distribution System Hydraulic Model. 

As shown in Table 1.3, the City's distribution system includes three (3) tanks that are below the 
respective pressure zones HGL. For these tanks, water is stored via control valve to transfer 
water from the pressure zone to the tank without exceeding the allowable pressure. Water is 
supplied to the pressure zone via pump station transferring stored water. 

A few notable controls in regards to the City's modeled storage tanks: 

• Hawks Prairie Tank is modeled with a pressure sustaining valve that opens when a set 
upstream pressure is met and closes when the 400 PZ Pump Station is on. 

• Judd Hill Tank is modeled with a pressure sustaining valve that opens when a set 
upstream pressure is met and closes when Judd Hill Pump Station is on. 

• McAllister Tank is modeled with a pressure breaker valve to force a specified pressure 
drop across the valve. Pressure breaker valves are not true physical devices but used to 
model a particular pressure drop when known. 

• Union Mills Tank is modeled with a pressure breaker valve to force a specified pressure 
drop across the valve. Pressure breaker valves are not true physical devices but used to 
model a particular pressure drop when known. 

• West Side Tank is modeled with a pressure sustaining valve to maintain a set upstream 
pressure and closes when the West Side Pump Station is on. 

• Note, Hawks Prairie contact basin is modeled to accurately represent water treatment 
plant (WTP) operations. It is not finished water storage. 

1.2.2.4   Pump Stations 

Water distribution systems rely on pump stations to move water from lower pressures to areas 
of higher pressures. The hydraulic model includes six pump stations. Pump stations are typically 
modeled as multiple point curves. For pumps with variable frequency drives (VFDs), the City’s 
hydraulic model has pump setup such that a pressure reducing valve follows the pumps, 
essentially making them act like a VFD pump. The City inputted the hydraulic pump data into the 
model based on pump curves. It is assumed that the modeled pump stations are calibrated and 
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reflect actual pump performance. Table 1.4 includes pump station characteristic and simplified 
controls. Detailed control logic is included in Appendix 1. 

Table 1.4 Pump Stations 

Pump 
Station(1) From To Pumping Capacity(1) (gpm) 

400 PZ Hawks Prairie Tank 400 PZ 3,700 

460 PZ 400 PZ 460 PZ(4) 500 

Hawks 
Prairie 

Hawks Prairie 
contact basin 

400 PZ 2,000 

Judd Hill Judd Hill Tank 337 PZ 1,200 

Skyridge(3) 400 PZ 422 PZ 110 

West Side West Side Tank 337 PZ 4,500 
Notes: 
(1) Source: City of Lacey Water System Comprehensive Plan. 
(2) Source: City of Lacey Water Distribution System Hydraulic Model. 
(3) Not included in the City's Water Distribution System Hydraulic Model. 
(4) This study used the modeled 460 PZ, before field measurements put into question the pressure of the zone. The impact 

to this study is negligible. 

1.2.2.5   Pressure Reducing Valves 

PRVs allow distribution systems to transfer water from upper PZs to lower PZs without 
exceeding the allowable pressures in the lower zones or completely draining the pressure out of 
the higher zone. The water is transferred through a valve that reduces the pressure to a specified 
pressure setting. A PRV stations typically consist of several valves that are standby, or backup. 

The City's distribution system includes 12 PRV stations, which convey and regulate water to 
lower zones. Five (5) of these twelve (12) have solenoids controlled by supervisory control and 
data acquisition (SCADA). The City's PRV station's typically included another valve that would 
open to move water at higher rates during a fire flow or an emergency situation. Table 1.5 lists 
the City's existing PRV stations. It is assumed that the PRV stations are calibrated and reflect 
actual PRV station performance. Some of the PRV stations have mechanical valves. These valves 
have controls based on tank levels and when the mechanical valve opens the PRVs close. See 
Appendix 1 for detailed control logic. The pressure ranges listed in Table 1.5 reflect the PRV 
pressure settings as HGL equivalent. Mechanical valves HGL equivalent is based on the lower 
HGL equivalent for control logic and PRV settings.  



SYSTEM OPERATIONS AND MODEL UPDATE | CITY OF LACEY 

 FINAL | OCTOBER 2018 | 1-7 

Table 1.5 Pressure Reducing Valve Stations 

Station Name From To 
Number of 

Valves 
HGL Equiv. Range(1) 

(ft) 

Britton Parkway 400 PZ 337 PZ 2 272 - 303(2) 

Evergreen Heights 460 PZ 400 PZ 1 358 

Galaxy 400 PZ 337 PZ 3 319 - 331(2) 

Lower Beachcrest 375 PZ 275 PZ 2 261 - 272 

Marvin Road 400 PZ 337 PZ 3 272 - 326(2) 

Mt. Aire  400 PZ 337 PZ 3 310 - 327(2) 

Mugho 400 PZ 337 PZ 1 326(2) 

Nisqually 337 PZ 188 PZ 2 177 - 182 

Peregrine 400 PZ 337 PZ 2 315 - 327 

Steilacoom 400 PZ 337 PZ 1 327 

Upper Beachcrest 400 PZ 375 PZ 2 363 - 375 

Woodland Creek 337 PZ 224 PZ 2 212 - 224 
Notes: 
(1) Source: City of Lacey Water Distribution System Hydraulic Model. 
(2) See Appendix A for station's detailed control logic. 

1.3   Current System Operations 

The City's hydraulic model controls and logic was provided by the City and reflects how the City 
operates their system. These were identified by converting tank level or node pressure controls 
to an HGL equivalent control to determine the primary and secondary control facilities.  

A primary control facility is the facility that dictates when a supply will open and close under 
static conditions. A secondary control facilities are facilities less stringent than primary controls 
under static conditions, or open under emergency conditions. Primary control facilities were 
used to determine the supply lead and lag order, while secondary controls were used to 
determine order incase primary control facilities equivalent HGL were the same.  

Table 1.6 and Table 1.7 list the 400 PZ and 337 PZ supply order, respectively. The tables include 
pump stations that pump stored water and PRV Stations that moves water from higher 
pressures zones. 
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Table 1.6 400 PZ Supply Order 

Supply 
Facility 

Primary Control 
Facility(1) 

Open HGL 
Equiv.(1) (ft) 

Open Rank 
Closed HGL 
Equiv.(1) (ft) 

Closed Rank 

S27 McAllister Tank 393 1 395 7 

S20 McAllister Tank 392 2 397 8 

S21 McAllister Tank 392 2 394 5 

S22 McAllister Tank 392 2 394 5 

S28 McAllister Tank 391 3 395 6 

400 PZ Pump 
Station 

400 PZ 384 4 -- -- 

S19(2) Hawks Prairie Tank 373 5 379 4 

S15 Hawks Prairie Tank 373 5 377 3 

S16 Hawks Prairie Tank 373 5 377 3 

S29 Hawks Prairie Tank 372 6 375 2 

S31(2)(3) Hawks Prairie Tank 360 7 373 1 
Notes: 
(1) Source: City of Lacey Water Distribution System Hydraulic Model. 
(2) Hawks Prairie Treatment Facility operates when Well 19 or Well 31 is operating. 
(3) Existing Well 31 is offline due to well rehabilitation. 

 

Table 1.7 337 PZ Supply Order 

Supply Facility 
Primary Control 

Facility(1) 
Open HGL 
Equiv.(1) (ft) 

Open 
Rank 

Closed HGL 
Equiv.(1) (ft) 

Closed 
Rank 

S02 Steilacoom Tank 332 1 335 5 

S04 Steilacoom Tank 332 1 333 3 

S07 Steilacoom Tank 332 1 334 4 

S03 Steilacoom Tank 331 2 334 4 

S10 Steilacoom Tank 331 2 334 4 

Galaxy PRV Station Steilacoom Tank 331 2 -- -- 

S01(2) Steilacoom Tank 330 3 332 2 

S09 Steilacoom Tank 329 4 332 2 

Mt. Aire PRV Station Steilacoom Tank 327 5 -- -- 

Peregrine PRV Station 337 PZ 327 5 -- -- 

Steilacoom PRV Station 337 PZ 327 5 -- -- 

Marvin Rd. PRV Station 337 PZ 326 6 -- -- 

Mugho PRV Station 337 PZ 326 6 -- -- 

S06 Steilacoom Tank 325 7 330 1 

West Side Pump Station 337 PZ 324 8 -- -- 

Britton Parkway PRV 
Station 

337 PZ 303 9 -- -- 

Judd Hill Pump Station 337 PZ 299 10 -- -- 
Notes: 
(1) Source: City of Lacey Water Distribution System Hydraulic Model. 
(2) Existing Well 1 is offline. 
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1.4   Future Supply Projects 

In order to serve future users, the City has planned projects to implement within the planning 
period of the study (through 2028). This section discusses those improvements and 
corresponding changes made to the model as a brief description of control changes. The facility 
and control changes apply to all alternatives unless stated otherwise.  

1.4.1   Existing Supply Model Updates  

The City provided updated supply capacity information that wasn't entirely reflected in the 
model. The City's existing supply capacity facility operations are updated in the model. These 
model updates reflect existing supply conditions and may change based on future 400 PZ and 
337 PZ alternatives. Table 1.8 lists the initial modeled well capacities and the updated existing 
well capacities based on City's staff input. Note that during the hydraulic model runs, both S19 
and S7 are offline for redundancy and operational criteria purposes.  

Table 1.8 Existing Well Capacity Model Update 

Well No. Pressure Zone 
Initial Model 

Capacity(1) (gpm) 
Updated Model 

Capacity(2) (gpm) 

S01 337 PZ 510 0 

S02 337 PZ 475 500 

S03 337 PZ 200 206 

S04 337 PZ 750 750 

S06 337 PZ 265 290 

S07 337 PZ 1800 1800 

S09 337 PZ 700 730 

S10 337 PZ 950 1,030 

S15 400 PZ 170 190 

S16 400 PZ 170 220 

S19 400 PZ 670 620 

S20 400 PZ 600 580 

S21 400 PZ 1,600 1,350 

S22 400 PZ 1,600 1,350 

S24 188 PZ 70 80 

S25 188 PZ 230 160 

S27 400 PZ 750 1,000 

S28 400 PZ 1,600 1,350 

S29 400 PZ 975 1,000 

S31(3) 400 PZ 620 0 
Notes: 
(1) Source: City of Lacey Water Distribution System Hydraulic Model. 
(2) Source: City of Lacey Staff input. 
(3) S31 is offline in 2016 then modeled at 620 gpm instead of 800 gpm for 2022 and 2028.  
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1.4.2   Planned Supply Improvements 

The City confirmed that they have five (5) planned supply improvements. Figure 1.2 shows the 
location of the planned supply improvements.  

The City's planned improvements require that facility operations be added or updated in the 
model. Planned supply improvement descriptions and model updates are listed below. It is 
assumed that operational changes listed below are applied to 400 PZ and 337 PZ alternatives 
unless stated otherwise.  

• In 2019, pump improvements at S19 and S31 going back online to add 980 gpm 
(1.41 million gallons per day [mgd]) of supply. 

• In 2019, S15/S16 upgrades in 2019 to add 110 gpm (0.16 mgd) of supply. 
• New Marvin Road Well with a pumping capacity of 1,000 gpm (1.44 mgd) in 2021. The 

increase in supply is 200 gpm (0.29 mgd) because the Hawks Prairie Water Treatment 
Facility (HPWTF) can only treat 1,800 gpm (2.59 mgd) of supply from S19, S31, and 
Marvin Road Well. 

• The replacement well for S01 will be in service in 2022 to add 665 gpm (0.96 mgd) of 
supply. 

• HPWTF expansion in 2028 will allow the full use of S19, S31, and Marvin Road Well water 
rights to add 800 gpm (1.15 mgd) of supply. 

• In order to meet redundancy criteria the largest well is taken out of service. For the 
hydraulic model analysis Well 7's (S07) controls were disabled.  

• In order to meet operational criteria Well 19 (S19) is considered offline. For the hydraulic 
modeling analysis Well 19 controls were disabled. 

1.4.3   Ability to Serve Supply Project Alternatives 

During the ability to serve analysis it was determined that the City will need to add an additional 
539 gpm to meet the redundancy and operational criteria by 2028. Four (4) supply alternatives 
were discussed, however, for the purpose of the hydraulic model analysis only the preferred 
alternatives will be modeled for 400 PZ and 337 PZ alternatives analysis. The preferred 
alternative allows full use of the Madrona's water rights. This alternative does not require pump 
upgrades, additional treatment, or wells. However, distribution piping improvements may be 
needed to convey the additional flows. Table 1.9 shows the updated future well capacities 
incorporating planned supply improvements and the preferred alternative improvements.  



SYSTEM OPERATIONS AND MODEL UPDATE | CITY OF LACEY 

 FINAL | OCTOBER 2018 | 1-11 

Table 1.9 Planned Well Capacity 

Well No. Pressure Zone 
Planned Capacity 

(gpm)1 
Implementation Year 

S01 337 PZ 665 2022 
S15 400 PZ 255 2019 
S16 400 PZ 255 2019 

S19(2) 400 PZ 1,600 2019 
S21 400 PZ 1,600 2028 
S22 400 PZ 1,600 2028 
S28 400 PZ 1,600 2028 

Marvin Road  1,000 2021 
Notes: 
(1) Wells without improvements maintain the capacities shown in Table 1.8. 
(2) Well 19 is offline during the hydraulic analysis because of the operational criteria. 

The operational controls associated with the Madrona's full water rights alternative require that 
facility operations be updated in the model. 

• Existing pipelines that show capacity deficiencies will be identified and upsized during 
the hydraulic model alternative analysis. 

• Well 21 (S21), Well 22 (S22) and Well 28 (S28) are revised to supply an additional 
combined capacity of 748 gpm. This equals to approximately 1,600 gpm each. 

1.4.4   Planned Pipeline Improvements 

The City provided information on seven (7) planned pipeline improvement projects. The model 
was updated with these improvement projects based on near-term. The following projects were 
incorporated in the hydraulic models near-term scenarios: 

• College and 22nd Street.  
• Capital City Golf Course Fire Flow Improvement. 
• 2017 Waterline Replacement Project 2. 
• Mullen Road Water Project. 
• 48th Avenue and 50th Avenue Fire Flow Improvements. 
• Oak Preserve Development. 
• Impala Water Main Replacement. 
• Gateway Development. 

 



ÍB

ÍB

ÍB

ÍB

ÍB

ÍB

ÍB

ÍB

ÍB

ÍB

ÍB

ÍB

ÍB

ÍB

ÍBÍB

ÍB

ÍB

"=)

"=)

Martin

Britton

M
arvin

M
erid

ian

Martin

Viewpoint

Pacific

M
ar

vi
n

Union Mills

G
atew

ay

Woodland

Mullen

Ru
dd

el
l

C
ar

pe
nt

er
C

ar
pe

nt
er

15th

C
he

ha
lis

 W
es

te
rn

Balustrade

58th

25th

G
ol

f C
lu

b

41st

46th

Willamette

UT

UT

UT

UT"=)

UT

UT"=)

UT"=)

#*

!ã

!ã

!ã!ã
!ã

!ã

!ã

!ã

!ã!ã!ã

!ã

!ã

!ã

!ã!ã

!ã

!ã

!ã!ã!ã

!ã

!ã!ã

!ã

460PZ PS

McAllister
Tank

Wells 21, 
22, & 28

Well 20

Well 27

460 PZ PS

Wells 
15 & 16

Wells 19 & 31
Hawks Prairie
Tank & PS

HPWTF

Steilacoom
Tank

Union Mills
Tank

Well 29

§̈¦5

Britton
PRV Station

Galaxy 
PRV Station

Peregrine
PRV Station

Steilacoom 
PRV Station

Mt. Aire PRV
Station

Marvin PRV
Station

Mugho PRV
Station

Well 7

Well 6

Wells 1, 2, & 3

Well 9 Well 10

Well 4

Judd Hill Tank
& PS

West Side
Tank & PS

Well 24Well 25

O
0 5,0002,500

Feet

Disclaimer: Features shown in this 
figure are for planning purposes and 
represent approximate locations. 
Engineering and/or survey accuracy
is not implied.

Data Sources: City of Lacey, 
Thurston County, WA.

 Figure 1.2  Planned Supply Improvements

2021, New Marvin Rd Well, limited by HPWTF.
Additional Supply = 200 gpm

2019, S19 Pump Improvements
and S31 Back Online.

Additional Supply = 980 gpm

2028, Hawks Prarie Treament
Facility Expansion. 

Additional Supply = 800 gpm

2019, Wells 15 & 16 Improvements. 
Additional Supply = 110 gpm

2022, S01 Replacement
Well in Service. 

Additional Supply = 665 gpm
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1.5   400 PZ Storage Study 

The City plans to take Hawks Prairie tank offline for six (6) months during the 2022 summer for 
maintenance. The initial analysis showed 400 PZ north of the highway fell below 30 psi in some 
locations when Hawks Prairie tank is taken offline under peak hour demand conditions. The 
400 PZ's northern and southern portions are connected via two (2) pipelines that cross the 
highway. The hydraulic model indicated that the distribution system is unable to supply fire 
protection to its customers when Hawks Prairie tank is taken offline. The required fire 
suppression storage is 0.96 MG. Without Hawks Prairie Tank the City will only have 0.52 MG of 
fire suppression storage. Table 1.10 summarizes 400 PZ's fire suppression storage volume 
balance without Hawks Prairie Tank. Based on Table 1.10, the City's 400 PZ requires 
approximately 0.5 MG of additional fire suppression storage to meet its fire suppression storage 
volume requirements. Several, alternatives were explored and three were chosen to move 
forward for the 400 PZ Storage Study.  

Table 1.10 400 PZ's Fire Suppression Storage Balance 

Pressure 
Zone 

Total 
Capacity 

(MG) 

Available Fire 
Suppression 

Storage(1) (MG) 

Required Fire 
Suppression 

Storage(2) (MG) 

Fire Suppression 
Storage Balance 

(MG) 

400 PZ w/ 
Hawks Prairie 

Tank online 
5.23 4.09 0.96 3.13 

400 PZ w/ 
Hawks Prairie 
Tank offline 

1.18 0.52 0.96 -0.44 

Notes: 
(1) Source: City of Lacey Water System Comprehensive Plan. 
(2) Required fire suppression storage = 4,000 gpm for 4 hours. 

1.5.1   400 PZ Alternative Descriptions 

The following is a brief description of the facilities associated with each 400 PZ alternative: 

• 400 PZ Alternative 1 (400-1) consists of the following facilities: 
 Add VFDs to the Hawks Prairie Treatment Facility low lift pumps. 
 Construct a pump station at McAllister or Steilacoom tank site. The pump station is 

designed to access dead storage thus expanding the City's 400 PZ's fire suppression 
storage. Transmission mains will have to be upsized to enable additional flow from 
the southern to the northern portion of the 400 PZ. Tank will be isolated from the 
system when the pump station is running. There might be some reconfiguration to 
be done to allow this operation. 

• 400 PZ Alternative 2 (400-2) consists of the following facilities: 
 Add VFDs to the Hawks Prairie Treatment Facility low lift pump station's pumps. 
 Construct an at-hydraulic-grade tank at the existing Marvin Road Well site, which is 

located next to the new school site. This facility will be referred to as School tank in 
these appendices. To meet the required fire suppression storage volume this tank 
must have minimum storage capacity of 0.44 MG. The School tank will be 1.0 MG to 
meet the minimum storage capacity and add some additional for equalization. 
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• 400 PZ Alternative 3 (400-3) consists of the following facilities: 
 Construct a below-hydraulic-grade sister tank at the Hawks Prairie Site. This facility 

will be referred to as Sister Tank. To meet the required fire suppression storage 
volume this tank must have minimum storage capacity of 0.44 MG. The Sister Tank 
will be 1.0 MG to meet the minimum fire suppression storage (0.44 MG) and add 
some additional for equalization storage (0.56 MG). 

1.5.2   400 PZ Operation Changes 

The 400 PZ alternatives require that facility operations be added or updated in the model while 
Hawks Prairie tank is taken offline. These facility and operational changes are listed below. The 
following operational changes are applied to all 400 PZ alternatives while the Hawks Prairie tank 
is offline: 

• Wells 7 and 19 controls are disabled for all alternatives.  
• Wells 21, 22, and 28 controls related to Hawks Prairie Tank level were modified. These 

wells will continue to be controlled by their primary control facility, McAllister Tank 
Level. Controls related to Hawks Prairie Tank were modified and described in the 
following sections. 

• Planned Marvin Road Well will be modeled as a reservoir and a flow control valve. 

The following sections describe operational changes applied to each alternative while 
Hawks Prairie tank is offline. It is assumed that facilities will operate according to their existing 
controls when Hawks Prairie tank is online. The facilities will be operated to ensures sufficient 
pressure and maintain the minimum required fire suppression storage while the Hawks Prairie 
Tank is offline. 

1.5.2.1   Alternative 400-1 

The following model updates are associated with Alternative 400-1 (while Hawks Prairie 
Reservoir is offline): 

• Planned Marvin Road Well controls: 
 If J-965 pressure is below 45 psi then Marvin Road Well is open. 
 If J-965 pressure is above 50 psi then Marvin Road Well is closed. 

• Modify Well 31 controls: 
 If J-965 pressure is below 35 psi then Well 31 is open. 
 If J-965 pressure is above 40 psi then Well 31 is closed.  

• Modify Wells 15 and 16 controls: 
 If J-965 pressure is below 40 psi then Well 15 is open and Well 16 is open. 
 If J-965 pressure is above 45 psi then Well 15 is closed and Well 16 is closed. 

• Modify Well 29 controls: 
 If J-965 pressure is below 30 psi then Well 29 is open. 
 If J-965 pressure is above 35 psi then Well 29 is closed. 

• Modify Well 21 controls related to Hawks Prairie Tank: 
 If J-8311 pressure is below 25 psi then Well 21 is open.  
 If J-8311 pressure is above 30 psi then Well 21 is closed. 

• Modify Well 22 controls related to Hawks Prairie Tank: 
 If J-8311 pressure is below 35 psi then Well 22 is open. 
 If J-8311 pressure is above 40 psi then Well 22 is closed. 
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• Modify Well 28 controls related to Hawks Prairie Tank: 
 If J-8311 pressure is below 30 psi then Well 28 is open. 
 If J-8311 pressure is above 35 psi then Well 28 is closed. 

• McAllister Pump Station controls: 
 If fire within 400 PZ then McAllister Pump Station is open and a control valves are 

closed to isolate McAllister Tank from 400 PZ.  
 If no fire within 400 PZ then McAllister Pump Station is closed and control valves are 

open that allows McAllister Tank to float within the 400 PZ. 
• Britton and Galaxy PRV Stations are closed while Hawks Prairie Tank is offline. 

The model has the proposed Marvin Road Well, S19, and S31 discharging to the contact basin. 
The model ensures the total flow rate of these wells does not exceed the HPWTF capacity. 

1.5.2.2   Alternative 400-2 

The following model operational updates are associated with Alternative 400-2 (while Hawks 
Prairie Reservoir is offline):  

• Planned Marvin Road Well controls: 
 If School Tank level is below 32 ft then Marvin Road Well is open. 
 If School Tank level is above 35.5 ft then Marvin Road Well is closed. 

• Modify Well 31 controls: 
 If School Tank level is below 32 ft then Well 31 is open. 
 If School Tank level is above 35.5 ft then Well 31 is closed. 

• Modify Wells 15 and 16 controls: 
 If School Tank level is below 30 ft then Well 15 is open and Well 16 is open. 
 If School Tank level is above 34 ft then Well 15 is closed and Well 16 is closed. 

• Modify Well 29 controls: 
 If School Tank level is below 28 ft then Well 29 is open. 
 If School Tank level is above 32 ft then Well 29 is closed. 

• Modify Well 21 controls related to Hawks Prairie Tank: 
 If School Tank level is below 22 ft then Well 21 is open. 
 If School Tank level is above 27 ft then Well 21 is closed. Assuming other controls is 

satisfied. 
• Modify Well 22 controls related to Hawks Prairie Tank: 

 If School Tank level is below 27 ft then Well 22 is open. 
 If School Tank level is above 32 ft then Well 22 is closed. Assuming other controls is 

satisfied. 
• Modify Well 28 controls related to Hawks Prairie Tank: 

 If School Tank level is below 23 ft then Well 28 is open. 
 If School Tank level is above 28 ft then Well 28 is closed. Assuming other controls is 

satisfied. 
• Britton and Galaxy PRV Stations are closed while Hawks Prairie Tank is offline. 

1.5.2.3   Alternative 400-3(while Hawks Prairie Reservoir is offline): 

The following model operational updates are associated with Alternative 400-3:  

• Planned Marvin Road Well controls: 
 If Hawks Prairie Sister Tank level is below 78 ft then Marvin Road Well is open. 
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 If Hawks Prairie Sister Tank level is above 84 ft then Marvin Road Well is closed. 
• Modify Well 31 controls: 

 If Hawks Prairie Sister Tank level is below 78 ft then Well 31 is open. 
 If Hawks Prairie Sister Tank level is above 84 ft then Well 31 is closed. 

• Wells 15, 16, 21, 22, 28, and 29 will be controlled by the Hawks Prairie sister tank using 
the same set points as the existing Hawks Prairie Tank. 

• Britton and Galaxy PRV Stations are closed while Hawks Prairie Tank is offline. 

1.6   337 PZ Facilities and Pressure Study 

The City has a goal of improving its level of service beyond what is in the Water System Plan. The 
City's operational staff spends significant amount of time responding to pressure complaints. 
Typically low pressures are the result of a customer having a high service elevation. The City's 
staff found that customer complaints increase when 337 PZ's pressure falls below 45 psi, and set 
a goal for its minimum operational pressure of 40 psi during normal conditions. Note, the City 
requires 30 psi during peak hour demand conditions and 20 psi during the maximum day demand 
plus fire flow. The purpose of the 337 PZ Facilities and Pressure Study is to perform an 
alternatives analysis in order to improve system pressures under near-term and future 
conditions. Figure 1.3 shows locations in 337 PZ where the pressure falls below 40 psi under static 
conditions. 

An initial modeling analysis was completed using the City's existing model to determine where 
deficiencies occur and develop alternatives to mitigate deficiencies. First, static pressures were 
calculated using node elevations and the HGL set to 337 ft. The static pressures do not account 
for demands, headloss, and system operations. Customers near the College corridor experienced 
static pressures no more than 41 psi. An extended period simulation (EPS) under 2016 summer 
conditions was performed to understand the impact operations have on system pressures. The 
preliminary analysis found that pressures fell below 40 psi along the College corridor. The 
number of customers with pressures below 40 psi slightly decreased during the winter 
conditions. Several alternatives were explored and three were chosen to move forward with in 
337 PZ Facilities and Pressure Study. 
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 Figure 1.3 Static Pressures
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1.6.1   337 PZ Alternative Descriptions 

The following is a brief description of the facilities associated with each 337 PZ alternative: 

• 337 PZ Alternative 1 (337-1) consists of the following facilities: 
 Rezone the College Corridor. The new pressure zone will be referred to as 380 PZ. 

Check valves will be installed to isolate 380 PZ from 337 PZ during normal operating 
conditions. The check valves will open in the event of low pressures in 380 PZ. The 
rezone boundaries will be developed to capture areas with low pressures. The actual 
boundaries will be developed later during hydraulic model alternative analysis. 

 Construct a 0.75 MG at-hydraulic-grade tank on the Intelco property site. The 
elevated tank at grade with 337 PZ. This proposed elevated tank will be referred to 
as Intelco Elevated Tank.   

 Construct a pump station on the Intelco property site. This new facility will be 
referred to as 380 PZ Pump Station. The proposed pump station will move water 
from 337 PZ to the new 380 PZ. The 380 PZ Pump Station will be sized to supply 
domestic water demands within 380 PZ.  

• 337 PZ Alternative 2 (337-2) consists of the following facilities: 
 Rezone the College Corridor. The new pressure zone is identical to Alternative 1's 

rezone.  
 Construct a 1.5 MG below-hydraulic-grade storage tank on the Intelco property site. 

This proposed tank will be referred to as Intelco Below Grade Tank. Because the 
tank is below 337 PZ's HGL a pump station is required to supply the 337 PZ. The tank 
will be filled from 337 PZ using a control valve. 

 Construct a pump station with two sets of the pumps on the Intelco property site: 
 The first set will supply the rezoned 380 PZ and is referred to as the 380 PZ 

Pump Station. The proposed pump station will move water from 337 PZ to the 
new 380 PZ. The 380 PZ Pump Station will be sized to supply domestic water 
demands within 380 PZ. 

 The second set will be the 337 PZ Pump Station. The purpose of this facility is to 
supply the 337 PZ with water stored in the Intelco below Grade Tank for both 
fire and domestic purposes.  

• 337 PZ Alternative 3 (337-3) consists of the following facilities: 
 Construct a 0.75 MG at-hydraulic-grade tank on the Intelco property site. This 

proposed elevated tank will be referred to as Intelco Elevated Tank. The elevated 
tank will be at the 337 PZ grade.  

 Upgrade Well 10 (S10) with a VFD. The VFD will help stabilize pressures in the 
surrounding area. 

 This alternative is considered acceptable if pressures are maintained above 38 psi 
without large fluctuations during both winter and summer conditions. 

• For all 337 PZ alternatives: 
 It is assumed that 400 PZ Alternative 3 facilities are implemented for 337 PZ 

hydraulic analysis. 
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1.6.2   337 PZ Operational Changes 

The 337 PZ alternatives require that facility operations be added and updated in the model. 
Model updates are described in the following sections. The following operational changes are 
applied to all 337 PZ alternatives: 

• Wells and 7 and 19 controls are disabled for all alternatives.  
• Wells 1, 2, 3, 4, 6, 9, and 10 will continue to be operated by their existing control 

facilities. Controls related to proposed facilities were modified and described in the 
following sections.  

1.6.2.1   Alternative 337-1 

The following model updates are associated with Alternative 337-1: 

• Modify Well 1 controls: 
 If Intelco Tank level is below 25 ft then Well 1 is open. 
 If Intelco Tank level is above 30 ft then Well 1 is closed. 

• Modify Well 4 controls: 
 If Intelco Tank level is below 27 ft then Well 4 is open. 
 If Intelco Tank level is above 32 ft then Well 4 is closed. 

• Modify Well 9 controls: 
 If Intelco Tank level is below 30 ft then Well 9 is open. 
 If Intelco Tank level is above 35 ft then Well 9 is closed. 

• Modify Well 10 controls: 
 If Intelco Tank level is below 28 ft then Well 10 is open. 
 If Intelco Tank level is above 33 ft then Well 10 is closed. 

• New 380 PZ boundary controls: 
 Some of the 380 PZ boundary pipes will become check valves that enables flow 

from 337 PZ to 380 PZ during emergency or fire events. A check valve is not an 
actuated valve and does not have controls or settings. 

 If the 380 PZ's HGL were to drop below the 337 ft, the check valves will open and 
revert back to 337 PZ HGL. This is expected to only occur during fire or emergency 
conditions.  

 The use of check valves is possible because the initial hydraulic model analysis did 
not show fire flow deficiencies within 337 PZ under existing conditions.  

 A PRV station will be constructed allowing flow from 380 PZ to 337 PZ to prevent 
over pressurization in 380 PZ. 

• New 380 PZ Pump Station controls: 
 This pump station will be setup as a VFD and is set to maintain a minimum pressure 

of 42 psi within 380 PZ. 
 The proposed 380 PZ Pump Station to be sized for supplying domestic flows. 

1.6.2.2   Alternative 337-2 

The following model updates are associated with Alternative 337-2: 

• Modify Well 1 controls: 
 If Intelco Tank level is below 30 ft then Well 1 is open. 
 If Intelco Tank level is above 36 ft then Well 1 is closed. 
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• Modify Well 4 controls: 
 If Intelco Tank level is below 27 ft then Well 4 is open. 
 If Intelco Tank level is above 32 ft then Well 4 is closed. 

• Modify Well 9 controls: 
 If Intelco Tank level is below 34 ft then Well 9 is open. 
 If Intelco Tank level is above 39 ft then Well 9 is closed. 

• Modify Well 10 controls: 
 If Intelco Tank level is below 32 ft then Well 10 is open. 
 If Intelco Tank level is above 36 ft then Well 10 is closed. 

• New 380 PZ boundary controls: 
 Some of the 380 PZ boundary pipes will become check valves that enables flow 

from 337 PZ to 380 PZ during emergency or fire events. A check valve is not an 
actuated valve and does not have controls or settings. 

 If the 380 PZ's HGL were to drop below the 337 ft, the check valves will open and 
revert back to 337 PZ HGL. This is expected to only occur during fire or emergency 
conditions.  

 The use of check valves is possible because the initial hydraulic model analysis did 
not show fire flow deficiencies within 337 PZ under existing conditions.  

 A PRV station will be constructed allowing flow from 380 PZ to 337 PZ to prevent 
over pressurization in 380 PZ. 

• New 380 PZ Pump Station controls: 
 This pump station will be setup as a VFD and is set to maintain a minimum pressure 

of 42 psi within 380 PZ. 
 The proposed 380 PZ Pump Station to be sized for supplying domestic flows. 

• New 337 PZ Pump Station Pump 1 controls: 
 If J-1711 pressure is below 45 psi and Intelco Tank level is above 10 ft then 337 PZ PS 

Pump 1 is open.  
 If J-1771 pressure is above 50 psi or Intelco Tank level is below 5 ft then 337 PZ PS 

Pump 1 is closed. 
• New 337 PZ Pump Station Pump 2 controls: 

 If J-1711 pressure is below 40 psi and Intelco Tank level is above 15 ft then 337 PZ PS 
Pump 2 is open.  

 If J-1771 pressure is above 45 psi or Intelco Tank level is below 10 ft then 337 PZ PS 
Pump 2 is closed. 

• New Intelco Tank control valve settings and controls: 
 The Intelco Tank control valve will be modeled as a pressure sustaining valve (PSV) 

to maintain a minimum upstream pressure of 42 psi. 
 If 337 PZ Pump Station is closed and upstream pressure is above 42 psi then 

Intelco Tank control valve is open. 
 If 337 PZ Pump Station is open or upstream pressure is below 42 psi then 

Intelco Tank control valve is closed.  

1.6.2.3   Alternative 337-3 

The following model updates are associated with Alternative 337-3: 

• Modify Well 1 controls: 
 If Intelco Tank level is below 25 ft then Well 1 is open. 
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 If Intelco Tank level is above 30 ft then Well 1 is closed. 
• Modify Well 4 controls: 

 If Intelco Tank level is below 27 ft then Well 4 is open. 
 If Intelco Tank level is above 32 ft then Well 4 is closed. 

• Modify Well 9 controls: 
 If Intelco Tank level is below 30 ft then Well 9 is open. 
 If Intelco Tank level is above 35 ft then Well 9 is closed. 

• Modify Well 10 controls: 
 The well will be setup as a VFD and set to maintain a minimum pressure of 38 psi 

within 337 PZ. 
 If Intelco Tank level is below 33 ft then Well 10 is open. 
 If Intelco Tank level is above 35.75 ft then Well 10 is closed. 

1.7   Conclusion 

The hydraulic model received is assumed to be calibrated and ready for use to evaluate the 
different alternatives develop in both 337 PZ and 400 PZ. The model facility and operational 
update discussed in this report should be reviewed by the City. Operational updates in the model 
will likely differ when applied when operating their system. It should be noted that the system is 
very sensitive while the Hawks Prairie Tank is offline.  
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Table 1    Existing Model Control and Logic Summary

If Hawks Prairie Tank level is below 10 feet.
Then 400 PZ PS #1 is closed.
And 400 PZ PS #2 is closed.
If 400 PZ PS  flow is below 300 gpm.
And 400 PZ PS #2 is closed.
And 400 PZ PS #1 is open.
Then 400 PZ PS #1 is closed.
And Hawks Prairie Tank Valve is open.
If J-1280 pressure is below 36 psi.
And Hawks Prairie Tank level is above 15 feet.
Then 400 PZ PS #1 is open.
And Hawks Prairie Tank Valve is closed.
If 400 PZ PS  flow is below 900 gpm.
And 400 PZ PS #3 is closed.
Then 400 PZ PS #2 is closed.
If J-1280 pressure is below 38 psi.
And Hawks Prairie Tank level is above 15 feet.
And 400 PZ PS #1 is open.
Then 400 PZ PS #2 is open.
If Hawks Prairie Tank level is below 20 feet.
Then 400 PZ PS #3 is closed.
And 400 PZ PS #4 is closed.
If 400 PZ PS  flow is below 1,800 gpm.
And 400 PZ PS #4 is closed.
Then 400 PZ PS #3 is closed.
If  J-1280 pressure is below 38 psi.
And Hawks Prairie Tank level is above 25 feet.
And 400 PZ PS #2 is open.
Then 400 PZ PS #3 is open.
If  400 PZ PS flow is below 3,000 gpm.
Then 400 PZ PS #4 is closed.
If  J-1280 pressure is below 38 psi.
And Hawks Prairie Tank level is above 25 feet.
And 400 PZ PS #3 is open.
Then 400 PZ PS #4 is open.
If Judd Hill Tank level is below 10 feet.
Then Judd Hill PS  is closed.

400 PZ PS #3 Off

400 PZ PS #3 On

400 PZ PS #4 Off

400 PZ PS #4 On

Judd Hill PS Lockout

400 PZ PS #1 and #2 
Lockout

400 PZ PS #1 Off

400 PZ PS # 1 On

400 PZ PS #2 Off

400 PZ PS #2 On

400 PZ PS #3 and #4 
Lockout

Control Name Control Rules/Logic



Table 1    Existing Model Control and Logic Summary

Control Name Control Rules/Logic
If  Judd Hill Tank level is above 15 feet.
And J-106 pressure is below 26 psi.
Then Judd Hill PS  is open.
If  time is   8:00 AM.
Or  time is  8:00 PM.
Then Judd Hill PS  is closed.
If  time is   5:30 AM.
Or  time is  5:30 PM.
And Judd Hill Tank level is above 15 feet.
If Westside PS flow is below 250 gpm.
And Westside PS Jockey is open.
Then Westside PS Jockey is closed.
And Westside Tank Valve is open.
If J-1256 pressure is below 38 psi.
And Westside Tank level is above 20 feet.
And Westside PS #1 is closed.
And Westside PS Jockey is closed.
Then Westside PS Jockey is open.
And Westside Tank Valve is closed.
If Westside Tank level is below 10 feet.
Then Westside PS Jockey is closed.
And Westside PS #1 is closed.
And Westside PS #2 is closed.
And Westside PS #1 is closed.
If  Westside PS flow is below 900 gpm.
And Westside PS #2 is closed.
And Westside PS #1 is open.
Then Westside PS #1 is closed.
And Westside PS Jockey is open.
If J-1256 pressure is below 36 psi.
And Westside Tank level is above 20 feet.
And Westside PS Jockey is open.
Then Westside PS #1 is open.
And Westside PS Jockey is closed.
If  Westside PS flow is below 1,900 gpm.
And Westside PS #3 is closed.
Then Westside PS #2 is closed.

Westside PS Jockey Off

Westside PS Jockey On

Judd Hill PS On 

Judd Hill PS Off

Judd Hill PS Timer

Westside PS Lockout

Westside PS #1 Off

Westside PS #1 On

Westside PS #2 Off



Table 1    Existing Model Control and Logic Summary

Control Name Control Rules/Logic
If J-1256 pressure is below 32 psi.
And Westside Tank level is above 20 feet.
And Westside PS #1 is open.
Then Westside PS #2 is open.
If  Westside PS flow is below 3,000 gpm.
Then Westside PS #3 is closed.
If  J-1256 pressure is below 32 psi.
And Westside Tank level is above 20 feet.
And  Westside PS #2 is open.
Then Westside PS #3 is open.
If Well 19 is open.
And Hawks Prairie Clearwell level is below 11 feet.
Then Hawks Prairie Treatment Facility Pump 1 is closed.
If Well 19 is open.
And Hawks Prairie Clearwell level is above 12 feet.
Then Hawks Prairie Treatment Facility Pump 1 is open.
If Well 31 is open.
And Hawks Prairie Clearwell level is below 11 feet.
Then Hawks Prairie Treatment Facility Pump 2 is closed.
If  Well 31 is open.
And Hawks Prairie Clearwell level is above 12 feet.
Then Hawks Prairie Treatment Facility Pump 2 is open.
If Steilacoom Tank level is below 0 feet.
Or Union Mills Tank level is below 0 feet.
Then Britton Parkway Valve is open.
And Britton Parkway PRV Large is closed.
Else Britton Parkway PRV Large is open.
And Britton Parkway Valve is closed.
If Steilacoom Tank level is below 63.5 feet.
Or Union Mills Tank level is below 53 feet.
Then Galaxy FCV is open.
And Galaxy PRV is closed.
Else Galaxy PRV is open.
And Galaxy FCV is closed.

Westside PS #3 On

Hawks Prairie Treatment 
Facility Low Lift Pump #1 Off

Hawks Prairie Treatment 
Facility Low Lift Pump #1 On

Hawks Prairie Treatment 
Facility Low Lift Pump #2 
Off

Hawks Prairie Treatment 
Facility Low Lift Pump #2 On

Westside PS #2 On

Westside PS #3 Off

Britton Parkway PRV Station 
Controls

Galaxy PRV Station Controls



Table 1    Existing Model Control and Logic Summary

Control Name Control Rules/Logic
If Steilacoom Tank level is below 0 feet.
Or Union Mills Tank level is below 0 feet.
Then Marvin Road FCV is open.
And Marvin Road PRV is closed.
Else Marvin Road PRV is open.
And Marvin Road FCV is closed.
If Steilacoom Tank level is below 60 feet.
Or Union Mills Tank level is below 50 feet.
Then Mt. Aire FCV is open.
And Mt. Aire PRV is closed.
Else Mt. Aire PRV is open.
And Mt. Aire FCV is closed.
If Steilacoom Tank level is below 64.5 feet.
Or Union Mills Tank level is below 58 feet.
Then Mugho FCV is open.
And Mugho PRV is closed.
Else Mugho PRV is open.
And Mugho FCV is closed.
If Westside PS Jockey is closed.
And Westside PS #3 is closed.
And Westside PS #2 is closed.
And Westside PS #1 is closed.
Then Westide Tank control valve is open.
Else Westide Tank control valve is closed.
If Steilacoom Tank level is above 65 feet.
And Union Mills Tank level is above 60 feet.
Then Well 1 is closed.
If Steilacoom Tank level is below 63 feet.
Or Union Mills Tank level is below 56 feet.
Or J-5456 pressure is below 60 psi.
Then Well 1 is open.
If Steilacoom Tank level is above 66.5 feet.
And Union Mills Tank level is above 58 feet.
And Westside Tank level is above 36 feet.
Then Well 10 is closed.

Well 1 Off

Well 1 On

Well 10 Off

Marvin Road PRV Station 
Controls

Mt. Aire PRV Station 
Controls

Mugho PRV Station Controls

Westside Tank Lockout



Table 1    Existing Model Control and Logic Summary

Control Name Control Rules/Logic
If Steilacoom Tank level is below 64 feet.
Or Union Mills Tank level is below 56 feet.
Or Westside Tank level is below 30 feet.
Then Well 10 is open.
If Hawks Prairie Tank level is above 82 feet.
Then Well 15 is closed.
If Hawks Prairie Tank level is below 78 feet.
Then Well 15 is open.
If Hawks Prairie Tank level is above 82 feet.
Then Well 16 is closed.
If Hawks Prairie Tank level is below 78 feet.
Then Well 16 is open.
If  Hawks Prairie Tank level is above 84 feet.
Then Well 19 is closed.
And Hawks Prairie Treatment Facility Pump 1 is closed.
If Hawks Prairie Tank level is below 78 feet.
Then Well 19 is open.
If Steilacoom Tank level is above 67.5 feet.
And Union Mills Tank level is above 60 feet.
And Westside Tank level is above 39 feet.
Then Well 2 is closed.
If Steilacoom Tank level is below 64.5 feet.
Or Union Mills Tank level is below 58 feet.
Or Westside Tank level is below 35 feet.
Or J-5456 pressure is below 62 psi.
Then Well 2 is open.
If McAllister Tank level is above 96.5 feet.
Then Well 20 is closed.
If McAllister Tank level is below 92 feet.
Then Well 20 is open.
If Hawks Prairie Tank level is above 74 feet.
And McAllister Tank level is above 94 feet.
And Steilacoom Tank level is above 1 feet.
And Union Mills Tank level is above 1 feet.
Then Well 21 is closed.

Well 10 On

Well 15 Off

Well 15 On

Well 2 On

Well 20 Off

Well 20 On

Well 21 Off

Well 16 Off

Well 16 On

Well 19 Off

Well 19 On

Well 2 Off



Table 1    Existing Model Control and Logic Summary

Control Name Control Rules/Logic
If Hawks Prairie Tank level is below 70 feet.
Or McAllister Tank level is below 92 feet.
Or Steilacoom Tank level is below 0 feet.
Or Union Mills Tank level is below 0 feet.
Then Well 21 is open.
If Hawks Prairie Tank level is above 74 feet.
And McAllister Tank level is above 94 feet.
And Steilacoom Tank level is above 62 feet.
And Union Mills Tank level is above 52 feet.
Then Well 22 is closed.
If Hawks Prairie Tank level is below 70 feet.
Or McAllister Tank level is below 92 feet.
Or Steilacoom Tank level is below 60 feet.
Or Union Mills Tank level is below 50 feet.
Then Well 22 is open.
If Nisqually Tank  level is above 26 feet.
Then Well 24 is closed.
If Nisqually Tank  level is below 24 feet.
Then Well 24 is open.
If Nisqually Tank  level is above 26 feet.
Then Well 25 is closed.
If Nisqually Tank  level is below 24 feet.
Then Well 25 is open.
If McAllister Tank level is above 95 feet.
And Steilacoom Tank level is above 66 feet.
And Union Mills Tank level is above 60 feet.
Then Well 27 is closed.
If McAllister Tank level is below 93 feet.
Or Steilacoom Tank level is below 64.5 feet.
Or Union Mills Tank level is below 58 feet.
Then Well 27 is open.
If Hawks Prairie Tank level is above 50 feet.
And McAllister Tank level is above 95 feet.
And Steilacoom Tank level is above 63.5 feet.
And Union Mills Tank level is above 56 feet.
Then Well 28 is closed.

Well 21 On

Well 22 Off

Well 27 On

Well 28 Off

Well 22 On

Well 24 Off

Well 24 On

Well 25 Off

Well 25 On

Well 27 Off



Table 1    Existing Model Control and Logic Summary

Control Name Control Rules/Logic
If Hawks Prairie Tank level is below 40 feet.
Or McAllister Tank level is below 91 feet.
Or Steilacoom Tank level is below 61.5 feet.
Or Union Mills Tank level is below 53 feet.
Then Well 28 is open.
If Hawks Prairie Tank level is above 80 feet.
Then Well 29 is closed.
If Hawks Prairie Tank level is below 77 feet.
Then Well 29 is open.
If Steilacoom Tank level is above 67 feet.
And Union Mills Tank level is above 60.5 feet.
And Westside Tank level is above 38 feet.
Then Well 3 is closed.
If Steilacoom Tank level is below 64 feet.
Or Union Mills Tank level is below 57 feet.
Or Westside Tank level is below 34 feet.
Or J-5456 pressure is below 68 psi.
Then Well 3 is open.
If  Hawks Prairie Tank level is above 78 feet.
Then Well 31 is closed.
And Hawks Prairie Treatment Facility Pump 2 is closed.
If Hawks Prairie Tank level is below 65 feet.
Then Well 31 is open.
If Steilacoom Tank level is above 66 feet.
And Union Mills Tank level is above 59 feet.
And Westside Tank level is above 38 feet.
Then Well 4 is closed.

Well 28 On

Well 29 Off

Well 29 On 

Well 3 Off

Well 3 On

Well 31 Off

Well 31 On

Well 4 Off



Table 1    Existing Model Control and Logic Summary

Control Name Control Rules/Logic
If Steilacoom Tank level is below 65 feet.
Or Union Mills Tank level is below 53 feet.
Or Westside Tank level is below 20 feet.
Then Well 4 is open.
If  Steilacoom Tank level is above 63 feet.
And Union Mills Tank level is above 55 feet.
And Judd Hill Tank level is above 50 feet.
Then Well 6 is closed.
If  Steilacoom Tank level is below 58 feet.
Or Union Mills Tank level is below 52 feet.
Or Judd Hill Tank level is below 47 feet.
Then Well 6 is open.
If Steilacoom Tank level is below 58 feet.
Or Union Mills Tank level is below 52 feet.
Then Well 6 is open.
Else Well 6 is closed.
If Steilacoom Tank level is above 66.5 feet.
And Union Mills Tank level is above 59 feet.
Then Well 7 is closed.
If Steilacoom Tank level is below 64.5 feet.
Or Union Mills Tank level is below 56 feet.
Then Well 7 is open.
If Steilacoom Tank level is above 65 feet.
And Union Mills Tank level is above 56 feet.
And  time is  9:30 AM.
Then Well 9 is closed.
If Steilacoom Tank level is below 61.5 feet.
Or Union Mills Tank level is below 53 feet.
Or  time is  7:30 AM.
Then Well 9 is open.

Well 6 On

Well 6 Valve Controls

Well 7 Off

Well 7 On

Well 9 Off

Well 9 On

Well 4 On

Well 6 Off
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Appendix B 
DETAILED COST ESTIMATE 

 





City of Lacey
400 PZ Storage Studies
Cost Estimate for Alternatives
Assumptions

All preliminary Capital costs are in 2018 dollars. Cost estimate made in: 2018

To update Capital Costs to future value, enter inflation rate: 3.00%

Capital Costs

Transmission Costs Element Unit
Unit Construction Cost 

($/LF)
16-inch Pipe LF $240 

20-inch Pipe LF $277 

24-inch Pipe LF $310 

Pump Station Costs Horsepower Unit Unit Construction Cost

0 to 199 HP Per HP per Pump $8,200 

Hawks Prarie Facility Improvement Cost Unit

$250,000 each

Storage Costs Reservoir Type
Cost per gallon 

($/gallon)
Standpipe $2.00 

Elevated $4 
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APPENDIX B

400 PRESSURE ZONE STORAGE STUDY

Life Cycle Cost Assumptions

Lacey 400 PZ - Life Cycle Costs Annual 2018 Yearly

50-Yr (2022-

2072)

Quantity Unit $/Unit % Escalation Total

Energy Costs

Energy Costs - Alt 400-1 11,400 kWh $0.11 3.00% $163,976

Energy Costs - Alt 400-2 9,100 kWh $0.11 3.00% $130,893

Energy Costs - Alt 400-3 910 kWh $0.11 3.00% $13,089

50-Yr

City Staff Effort Total

Large Booster Pump Station, with backup generator 0.080 FTE $182,292 3.00% $1,906,959

Below Hydraulic Grade Storage 0.070 FTE $177,278 3.00% $1,622,692

Elevated Storage 0.070 FTE $177,278 3.00% $1,622,692

2052

Tank Recoating (Every 30 Years) - Alt 2 26,399 SF $0.00 3.00% $547,207

Pump Station Rehab 2052

0 to 199 HP - Steilacoom PS 110 LF $2,706 3.00% $813,179
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Appendix B

Project ID: 400‐1A
Project Name: 400 PZ Alternative 1A

Project Description:

City of Lacey
337 PZ Facilities & Pressure Study

‐ Add variable frequency drives (VFDs) to the Hawks Prairie Treatment Facility low lift pump station's pumps.
‐ Construct a pump station at Steilacoom tank site. The BPS is designed to access dead storage thus expanding the City's 400 PZ's fire suppression storage. 
‐The two freeway crossing pipes will most likely have to be upsized to enable additional flow from the southern to the northern portion of the 400 PZ Tank. The tank will be isolated from the system 
when the pump station is running. There might be some reconfiguration to be done to allow this operation.
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Appendix B

Project ID: 400‐1A
Project Name: 400 PZ Alternative 1A

City of Lacey
337 PZ Facilities & Pressure Study

Project Cost Estimate:
City Project and 

Constr. Eng
Contingency Other

40% 30% 5%
19% 6%

1 LS 250,000$         Capital 250,000$         100,000$              75,000$            12,500$   437,500$        
150 Per HP per Pump 8,200$              Capital 1,230,000$      492,000$              369,000$         61,500$   2,152,500$     

1,160 LF 240$                 Capital 278,400$         111,360$              83,520$            13,920$   487,200$        
1,110 LF 240$                 Capital 266,400$         50,616$                79,920$            15,984$   412,920$        

22,210 LF 277$                 Capital 6,152,170$      1,168,912$          1,845,651$      369,130$   9,535,864$     
10,300 LF 240$                 Capital 2,472,000$      469,680$              741,600$         148,320$   3,831,600$     
4,410 LF 240$                 Capital 1,058,400$      201,096$              317,520$         63,504$   1,640,520$     

1 LS 163,976$         O&M 163,976$         ‐$   ‐$   ‐$   163,976$        
1 LS 1,906,959$      O&M 1,906,959$      ‐$   ‐$   ‐$   1,906,959$     
1 LS 813,179$         O&M 813,179$         ‐$   ‐$   ‐$   813,179$        

‐$   ‐$   ‐$   ‐$   ‐$  

21,382,218$   

Notes on Cost Estimation:

Project Timing:

Timing
Project Cost 
(Future $)

Capital 2022 492,410$        
Capital 2022 2,422,658$     
Capital 2022 548,348$        
Capital 2022 464,745$        
Capital 2022 10,732,698$   
Capital 2022 4,312,500$     
Capital 2022 1,846,420$     
O&M Varies 163,976$        
O&M Varies 1,906,959$     
O&M Varies 813,179$        

23,703,893$   

Project Element Quantity Unit
Unit Cost 
($/Unit)

Type of Cost 
(Capital/O&M)

Subtotal

Segment 1 Piping Upsize ‐ 20‐inch

Total Cost

VFDs on the HPWTF low‐lift pumps
Booster Pump Station
Field Piping ‐ 16‐inch
Pipe Upsizing ‐ 16‐inch

Water Main Replacement Contingencies‐‐>

Segment 2 Piping Upsize ‐ 16‐inc

Segment 2 Piping Upsize ‐ 16‐inch
Segment 3 Piping Upsize ‐ 16‐inch
Energy Costs ‐ 50 years
City Staff Effort ‐ 50 Years
PS Rehab ‐ 30 Years

Total Project Cost

See Assumptions tab for details. O&M costs are in future dollars of what year they would be performed. See Life Cycle costs Tab for detail. Pipe 
Upsizing uses contingencies for Water Main Replacements as shown in Assumptions tab.

Project Element

VFDs on the HPWTF low‐lift pum
Booster Pump Station
Field Piping ‐ 16‐inch
Pipe Upsizing ‐ 16‐inch
Segment 1 Piping Upsize ‐ 20‐inc

Total Project Cost

Segment 3 Piping Upsize ‐ 16‐inc
Energy Costs ‐ 50 years
City Staff Effort ‐ 50 Years
PS Rehab ‐ 30 Years

Go to Assumptions Tab

Page 4



Appendix B

Project ID: 400‐1B
Project Name: 400 PZ Alternative 1B

Project Description:

City of Lacey
337 PZ Facilities & Pressure Study

‐ Add variable frequency drives (VFDs) to the Hawks Prairie Treatment Facility low lift pump station's pumps.
‐ Construct a pump station at McAllister tank site. The BPS is designed to access dead storage thus expanding the City's 400 PZ's fire suppression storage. 
‐The two freeway crossing pipes will most likely have to be upsized to enable additional flow from the southern to the northern portion of the 400 PZ Tank. The tank will be isolated from the system 
when the pump station is running. There might be some reconfiguration to be done to allow this operation.
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Appendix B

Project ID: 400‐1B
Project Name: 400 PZ Alternative 1B

City of Lacey
337 PZ Facilities & Pressure Study

Project Cost Estimate:
City Project 
and Constr. 

Eng
Contingency Other

40% 30% 5%
19% 6%

1 LS 250,000$         Capital 250,000$         100,000$         75,000$           12,500$   437,500$               
150 Per HP per Pump 8,200$              Capital 1,230,000$      492,000$         369,000$         61,500$   2,152,500$            
190 LF 240$                 Capital 45,600$           8,664$              13,680$           2,736$   70,680$  

22,210 LF 310$                 Capital 6,885,100$      1,308,169$      2,065,530$      413,106$   10,671,905$          
10,300 LF 240$                 Capital 2,472,000$      469,680$         741,600$         148,320$   3,831,600$            
4,410 LF 240$                 Capital 1,058,400$      201,096$         317,520$         63,504$   1,640,520$            

1 LS 163,976$         O&M 163,976$         ‐$   ‐$   ‐$   163,976$               
1 LS 1,906,959$      O&M 1,906,959$      ‐$   ‐$   ‐$   1,906,959$            
1 LS 813,179$         O&M 813,179$         ‐$   ‐$   ‐$   813,179$               

‐$   ‐$   ‐$   ‐$   ‐$  

21,688,819$          

Notes on Cost Estimation:

Project Timing:
Timing Cost (Rounded)

Capital 2022 492,410$               
Capital 2022 2,422,658$            
Capital 2022 79,551$  
Capital 2022 12,011,323$          
Capital 2022 4,312,500$            
Capital 2022 1,846,420$            
O&M Varies 163,976$               
O&M Varies 1,906,959$            
O&M Varies 813,179$               

24,048,975$          

Water Main Replacement Contingencies‐‐>

Total Project Cost

City Staff Effort ‐ 50 Years
PS Rehab ‐ 30 Years

See Assumptions tab for details. See Life Cycle costs Tab for O&M costs.

Segment 3 Piping Upsize ‐ 16‐inch

VFDs on the HPWTF low‐lift pumps
Booster Pump Station
BPS Piping ‐ 16‐inch
Segment 1 Piping Upsize ‐ 24‐inch
Segment 2 Piping Upsize ‐ 16‐inch

Energy Costs ‐ 50 years
City Staff Effort ‐ 50 Years
PS Rehab ‐ 30 Years

Total Project Cost

Segment 2 Piping Upsize ‐ 16‐
Segment 3 Piping Upsize ‐ 16‐
Energy Costs ‐ 50 years

Project Element
VFDs on the HPWTF low‐lift p
Booster Pump Station
BPS Piping ‐ 16‐inch
Segment 1 Piping Upsize ‐ 24‐

Project Element Quantity Unit
Unit Cost 
($/Unit)

Subtotal Total Cost
Type of Cost 

(Capital/O&M)

Go to Assumptions Tab
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Appendix B

Project ID: 400‐2
Project Name: 400 PZ Alternative 2

Project Description:

City of Lacey
337 PZ Facilities & Pressure Study

‐ Add VFDs to the Hawks Prairie Treatment Facility low lift pump station's pumps.
‐ Construct an elevated tank at the Marvin Road school site. This facility will be referred to as elevated school tank. If the City wants to meet the required fire suppression 
storage volume this tank must have minimum storage capacity of 0.44 MG. The elevated school tank will be at a minimum 0.50 MG to meet the minimum storage capacity 
and add some additional for equalization.
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Appendix B

Project ID: 400‐2
Project Name: 400 PZ Alternative 2

City of Lacey
337 PZ Facilities & Pressure Study

Project Cost Estimate:
City Project 
and Constr. 

Eng
Contingency Other

40% 30% 5%
19% 6%

Elevated Tank 1,000,000 gallon 4.00$                Capital 4,000,000$      1,600,000$      1,200,000$      200,000$        7,000,000$         
Field Piping ‐ 16‐inch 570 LF 240$                 Capital 136,800$         54,720$            41,040$            6,840$            239,400$             
VFDs on the HPWTF 
low‐lift pumps 1 LS 250,000$         Capital 250,000$         100,000$         75,000$            12,500$          437,500$             
Piping Upsize ‐ 16‐inch 1,110 LF 240$                 Capital 266,400$         50,616$            79,920$            15,984$          412,920$             
Tank Recoating ‐ 30 Years 1 LS 547,207$         O&M 547,207$         ‐$   ‐$   ‐$                547,207$             
Energy Costs ‐ 50 years 1 LS 130,893$         O&M 130,893$         ‐$   ‐$   ‐$                130,893$             
City Staff Effort ‐ 50 Years 1 LS 1,622,692$      O&M 1,622,692$      ‐$   ‐$   ‐$                1,622,692$         

‐$   ‐$   ‐$   ‐$                ‐$  
‐$   ‐$   ‐$   ‐$                ‐$  

Total Project Cost 10,390,612$       

Notes on Cost Estimation:

Project Timing:
Timing Cost (rounded)

Capital 2022 7,878,562$         
Capital 2022 269,447$             
Capital 2022 492,410$             
Capital 2022 464,745$             
O&M Varies 547,207$             
O&M Varies 130,893$             
O&M Varies 1,622,692$         

‐$              
‐$              

11,405,956$       

Water Main Replacement Contingencies‐‐>

See Assumptions Tab for more information. Elevated tank is 85 ft tall, 40 ft diameter; intererior recoating every 30 years.

Total Project Cost

Tank Recoating ‐ 30 Years
Energy Costs ‐ 50 years
City Staff Effort ‐ 50 Years

Project Element
Elevated Tank
Field Piping ‐ 16‐inch

 VFDs on the HPWTF low‐li  pu
Piping Upsize ‐ 16‐inch

Project Element Quantity Unit
Unit Cost 
($/Unit)

Subtotal Total Cost
Type of Cost 

(Capital/O&M)

Go to Assumptions Tab
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Appendix B

Project ID: 400‐3
Project Name: 400 PZ Alternative 3

Project Description:

City of Lacey
337 PZ Facilities & Pressure Study

‐ Add VFDs to the Hawks Prairie Treatment Facility low lift pump station's pumps.
‐ Construct a 1.0 MG standpipe sister tank at the Hawks Prairie Site.
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Appendix B

Project ID: 400‐3
Project Name: 400 PZ Alternative 3

City of Lacey
337 PZ Facilities & Pressure Study

Project Cost Estimate:

City Project and 
Constr. Eng

Contingency Other

40% 30% 5%
19% 6%

1,500,000 gallon 2.00$                Capital 3,000,000$      1,200,000$                  900,000$         150,000$        5,250,000$         
150 LF 240$                 Capital 36,000$            14,400$   10,800$            1,800$            63,000$               

1,110 LF 240$                 Capital 266,400$         50,616$   79,920$            15,984$          412,920$             
1 LS 547,207$         O&M 547,207$         ‐$   ‐$   ‐$                 547,207$             
1 LS 13,089$            O&M 13,089$            ‐$   ‐$   ‐$                 13,089$               
1 LS 1,622,692$      O&M 1,622,692$      ‐$   ‐$   ‐$                 1,622,692$         

‐$   ‐$   ‐$   ‐$                 ‐$
‐$   ‐$   ‐$   ‐$                 ‐$
‐$   ‐$   ‐$                 ‐$

7,908,908$         

Notes on Cost Estimation:

Project Timing:
Timing Cost (rounded)

Capital 2022 5,908,921$         
Capital 2022 70,907$               
Capital 2022 464,745$             
O&M Varies 547,207$             
O&M Varies 13,089$               
O&M Varies 1,622,692$         

8,627,562$         

Water Main Replacement Contingencies‐‐>

Total Project Cost

See Assumptions tab for details. See Life Cycle costs Tab for O&M costs. Interior recoating every 30 years.

Energy Costs ‐ 50 years

Standpipe 
Field Piping ‐ 16‐inch
Pipe Upsizing ‐ 16‐inch
Tank Recoating ‐ 30 Years

City Staff Effort ‐ 50 Years

Total Project Cost

Tank Recoating ‐ 30 Years
Energy Costs ‐ 50 years
City Staff Effort ‐ 50 Years

Project Element
Standpipe 
Field Piping ‐ 16‐inch
Pipe Upsizing ‐ 16‐inch

Project Element Quantity Unit
Unit Cost 
($/Unit)

Subtotal Total Cost
Type of Cost 

(Capital/O&M)

Go to Assumptions Tab
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Appendix C 
DETAILED MODELING RESULTS FIGURES 
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 Figure 1  Maximum Pressures under 2022 ADD Conditions - Baseline

400 PRESSURE ZONE STORAGE STUDY | CITY OF LACEY

Assumptions: 
 - Hawks Prairie Tank Online
 - Wells 7 and 19 Offline
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 Figure 2  Maximum Pressures under 2022 ADD Conditions - Alt. 1, 
Hawks Prairie Tank Offline
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 - Proposed McAllister Pump Online
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 - Wells 7 and 19 Offline
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 Figure 3  Maximum Pressures under 2022 ADD Conditions - Alt. 2, 
Hawks Prairie Tank Offline

400 PRESSURE ZONE STORAGE STUDY | CITY OF LACEY
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 - Proposed Elevated Tank Online
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 Figure 4  Maximum Pressures under 2022 ADD Conditions - Alt. 3, 
Hawks Prairie Tank Offline
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 Figure 5  Min. Pressures and Max. Velocity under 2022 PHD Conditions - Baseline

400 PRESSURE ZONE STORAGE STUDY | CITY OF LACEY

Assumptions:
 - Hawks Prairie Tank Online
 - Well 7 and 19 Offline
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Thurston County, WA.

 Figure 6  Min. Pressures and Max. Velocity under 2022 PHD Conditions - Alt. 1, 
Hawks Prairie Tank Offline

400 PRESSURE ZONE STORAGE STUDY | CITY OF LACEY
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 - Proposed McAllister Pump Online
 - Hawks Prairie Tank Offline
 - Well 7 and 19 Offline
 - Britton and Galaxy PRV Stations Offline
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 Figure 7  Min. Pressures and Max. Velocity under 2022 PHD Conditions - Alt. 2, 
Hawks Prairie Tank Offline

400 PRESSURE ZONE STORAGE STUDY | CITY OF LACEY

Assumptions:
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 - Well 7 and 19 Offline
 - Britton and Galaxy PRV Stations Offline
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figure are for planning purposes and 
represent approximate locations. 
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Data Sources: City of Lacey, 
Thurston County, WA.

 Figure 8  Min. Pressures and Max. Velocity under 2022 PHD Conditions - Alt. 3, 
Hawks Prairie Tank Offline

400 PRESSURE ZONE STORAGE STUDY | CITY OF LACEY
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 - Well 7 and 19 Offline
 - Britton and Galaxy PRV Stations Offline
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Disclaimer: Features shown in this 
figure are for planning purposes and 
represent approximate locations. 
Engineering and/or survey accuracy 
is not implied.

Data Sources: City of Lacey, 
Thurston County, WA.

 Figure 9  Residual Pressures under 2022 MDD plus Fire Flow Conditions - Baseline

400 PRESSURE ZONE STORAGE STUDY | CITY OF LACEY
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Disclaimer: Features shown in this 
figure are for planning purposes and 
represent approximate locations. 
Engineering and/or survey accuracy 
is not implied.

Data Sources: City of Lacey, 
Thurston County, WA.

 Figure 10  Residual Pressures under 2022 MDD plus Fire Flow Conditions - Alt. 1, 
Hawks Prairie Tank Offline
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Disclaimer: Features shown in this 
figure are for planning purposes and 
represent approximate locations. 
Engineering and/or survey accuracy 
is not implied.

Data Sources: City of Lacey, 
Thurston County, WA.

 Figure 11  Residual Pressures under 2022 MDD plus Fire Flow Conditions - Alt. 2, 
Hawks Prairie Tank Offline

400 PRESSURE ZONE STORAGE STUDY | CITY OF LACEY
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Disclaimer: Features shown in this 
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 Figure 12  Residual Pressures under 2022 MDD plus Fire Flow Conditions - Alt. 3, 
Hawks Prairie Tank Offline

400 PRESSURE ZONE STORAGE STUDY | CITY OF LACEY
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Legend
Residual Pressure

20 - 30 psi
30 - 40 psi
> 40 psi

Water Distributions System

!ã Well

UT Tank
UT"=) Tank & PS

#* HPWTF
"=) Pump Station
ÍB PRV Station

Water Main
City Limits
Urban Growth
Management Area
Street
Waterbody
Waterway

Pressure Zone
188
211
224
275
337
375
400
422
460

Below Hydraulic Grade
Sister Tank 

Capacity = 1.0 MG
UT Hawks Prairie Sister Tank

Water Main Capacity
Improvement



ÍB

ÍB

ÍB

ÍB

ÍB

ÍB

ÍB

ÍB

ÍB

ÍB

ÍB

ÍB

ÍB

ÍBÍB

ÍB

ÍB

"=)

"=)

Britton

M
arvin

M
eridian

Martin

Viewpoint

Pacific

M
ar

vi
n

Union Mills

G
atew

ay

Woodland

41st

46th

Willamette

UT

UT

UT

UT"=)

UT

#*

!ã

!ã

!ã!ã!ã

!ã

!ã

!ã!ã

!ã

!ã!ã!ã

460PZ PS

McAllister
Tank

Wells 21, 
22, & 28

Well 20

Well 27

460 PZ PS

Wells 
15 & 16

Wells 19, 31,
& Marvin Rd. Hawks Prairie

Tank & PS
HPWTF

Steilacoom
Tank

Union Mills
Tank

Well 29

§̈¦5

Britton
PRV Station

Galaxy 
PRV Station

Peregrine
PRV Station

Steilacoom 
PRV Station

Mt. Aire PRV
Station

Marvin PRV
Station

Mugho PRV
Station

Well 24Well 25

O
0 5,0002,500

Feet

Disclaimer: Features shown in this 
figure are for planning purposes and 
represent approximate locations. 
Engineering and/or survey accuracy 
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 Figure 13  Maximum Pressures under 2028 ADD Conditions - Baseline

400 PRESSURE ZONE STORAGE STUDY | CITY OF LACEY

Assumptions: 
 - Hawks Prairie Tank Online
 - Wells 7 and 19 Offline
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 Figure 14  Maximum Pressures under 2028 ADD Conditions - Alt. 1
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 Figure 15  Maximum Pressures under 2028 ADD Conditions - Alt. 2
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 Figure 16  Maximum Pressures under 2028 ADD Conditions - Alt. 3
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 Figure 17  Min. Pressure and Max. Velocity under 2028 PHD Conditions - Baseline
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 Figure 18  Min. Pressure and Max. Velocity under 2028 PHD Conditions - Alt. 1

400 PRESSURE ZONE STORAGE STUDY | CITY OF LACEY
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figure are for planning purposes and 
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Engineering and/or survey accuracy 
is not implied.

Data Sources: City of Lacey, 
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 Figure 19  Min. Pressure and Max. Velocity under 2028 PHD Conditions - Alt. 2
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Disclaimer: Features shown in this 
figure are for planning purposes and 
represent approximate locations. 
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is not implied.

Data Sources: City of Lacey, 
Thurston County, WA.

 Figure 20  Min. Pressure and Max. Velocity under 2028 PHD Conditions - Alt. 3
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Disclaimer: Features shown in this 
figure are for planning purposes and 
represent approximate locations. 
Engineering and/or survey accuracy 
is not implied.

Data Sources: City of Lacey, 
Thurston County, WA.

 Figure 21  Residual Pressures under 2028 MDD plus Fire Flow Conditions - Baseline
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Disclaimer: Features shown in this 
figure are for planning purposes and 
represent approximate locations. 
Engineering and/or survey accuracy 
is not implied.

Data Sources: City of Lacey, 
Thurston County, WA.

 Figure 22  Residual Pressures under 2028 MDD plus Fire Flow Conditions - Alt. 1
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Disclaimer: Features shown in this 
figure are for planning purposes and 
represent approximate locations. 
Engineering and/or survey accuracy 
is not implied.

Data Sources: City of Lacey, 
Thurston County, WA.

 Figure 23  Residual Pressures under 2028 MDD plus Fire Flow Conditions - Alt. 2
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 Figure 24  Residual Pressures under 2028 MDD plus Fire Flow Conditions - Alt. 3
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Appendix H 

 

North Thurston County  

Coordinated Water System Plan 

  








































