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4. System Analysis 

This chapter provides an evaluation of the water system’s ability to meet current and projected 
water supply needs.  Source and storage capacity analyses are presented, followed by an 
evaluation of the distribution system piping network.  Required system improvements are also 
described throughout the chapter.    

4.1 System Design Criteria  

4.1.1 Source 

According to DOH planning requirements, sources of supply must be sufficient to meet 
maximum day demands (MDD).  This must hold true for each pressure zone within a system, as 
well as for the system as a whole.  The source capacity analysis presented in Section 4.2 
examines the ability of the City’s existing sources of supply to meet this requirement.  The 
analysis is conducted by comparing the City’s water demand forecast, presented in Table 2-9 
(Demand Forecast Without Additional Conservation), with current and future source capacities.  
All evaluations assume that each source is operable for 24 hours each day during MDD 
conditions.  In addition, for the system-wide source evaluation that analyzes the ability of the 
City’s groundwater supplies to meet full system demands, a second condition is considered 
wherein the largest source is assumed to be inactive for a prolonged period of time (e.g., due to 
well production limitations, well rehabilitation/maintenance, or contamination).   

4.1.2 Storage 

According to DOH requirements, water system storage volume is comprised of five separate 
components: 

 Operating volume 
 Equalizing volume 
 Fire flow volume 
 Standby volume 
 Dead volume 

These required volume components are illustrated in Figure 4-1.  All storage components are 
described in more detail below. 



  

City of Tumwater  Chapter 4 
2010 Water System Plan 4-2 April 2011 

 
Figure 4-1 Storage Components 

Operating and Dead Storage Volumes 

Operating volume is the volume of water that lies between low and high water storage 
elevations set by City operations staff to control system pumps and flow control valves.  Dead 
volume is the volume at the bottom of the tank that cannot be used because it is physically too 
low to provide sufficient pressures.  Operational and dead volumes are subtracted from total 
storage to determine the effective storage available for equalizing, standby, and fire flow. 

Equalizing Volume 

Equalizing volume is the total volume needed to moderate daily fluctuations in diurnal demands 
during periods when the demand exceeds the capacity of the supply system.  Equalizing volume 
requirements are greatest on the day of maximum demand.  Operation of a properly balanced 
system results in replenishment of storage facilities during times of day when the demand curve 
is below the capacity of the supply system, and depletion of storage facilities when the demand 
exceeds the supply capacity.  The equalizing volume of a storage tank must be located at an 
elevation that provides a minimum pressure of 30 pounds per square inch (psi) to all customers 
served by the tank. 

Fire Flow Volume 

The required fire flow volume for a given pressure zone is calculated as the required fire flow 
multiplied by the required duration, as established by the local fire authority. The maximum fire 
flow varies by each pressure zone depending on the demographics and land use of each zone.  
The associated fire flow volume for a given reservoir is based on the maximum fire flow demand 
and required duration in the zone in which the reservoir is located.  

The fire flow volume of a storage tank must be located at an elevation that provides a minimum 
pressure of 20 psi to all customers served by the tank.  DOH allows for the “nesting” of standby 
and fire flow storage, with the larger used for the storage volume.  Historically, the City 
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considered nesting in the design of its storage facilities.  However, the City has elected to not 
allow nesting for future design of storage facilities in the 350 Zone, the pressure zone serving 
the majority of the system and the location of much of the City’s future growth. 

Standby Volume 

Standby volume is required to supply reasonable system demands during a foreseeable system 
emergency or outage.  A key concept is that establishing standby volume involves planning for 
reasonable system outages – those that can be expected to occur under normal operating 
conditions, such as a pipeline failure, power outage or valve failure.  Major system emergencies, 
such as those created by an earthquake, are intended to be covered by emergency system 
operations planning, since construction of sufficient reserve volume to accommodate sustained 
system demands under severe emergency conditions is not economically feasible. 

DOH has established guidelines for determining minimum required standby volume.  This 
component is calculated as the greater of:  two times the average day demand, less multi-
source credit; or 200 gallons times the number of ERUs served by the storage facility.  The 
multi-source credit is applicable only for pressure zones that have multiple sources of supply, 
and allows the required standby storage volume in such instances to be reduced.  The credit 
assumes the largest source of supply is out of service; thus, it is calculated as the total source 
available to a particular pressure zone, or zone combination, less the capacity of the largest 
source.  Sources for a pressure zone can include wells, PRVs and individual pumps within a 
pump station.  No credit is allowed for zones having only one source of supply. 

The City has determined that an appropriate minimum standby storage allowance for its system 
is 116 gallons per ERU (gal/ERU), as opposed to the DOH-recommended value of 200 
gal/ERU.  This is predicated on the following analysis: 

1) Historically the City assumed the DOH-recommended 200 gal/ERU, at a time when 
its ERU water use factor was 263 gpd/ERU, as documented in the prior WSP.   

2) Therefore, the minimum standby storage requirement for the City has historically 
been 76% of the average day water use factor (i.e., 200 divided by 263). 

3) However, now the City’s ERU water use factor is 153 gpd/ERU, due to increased 
conservation activities and the associated reduction in water use. 

4) Therefore, by applying the same ratio of minimum standby storage to average day 
water use, a current minimum standby storage requirement of 116 gal/ERU (i.e., 153 
gpd/ERU multiplied by 76%) is arrived at.  This ensures that the same level of service 
(with respect to the ability of standby storage to meet basic community needs in times 
of emergency situations) is maintained in the design of future storage facilities as has 
been used in the design of previous facilities.   

4.1.3 Distribution System 

Distribution design criteria are normally established based on provision of reasonable service to 
water customers.  The criteria generally include minimum pressure, maximum pressure, and fire 
flow provision.  Minimum pressure has been established by DOH requirements as 30 psi during 
peak hour demand conditions.  DOH also sets a guideline for maximum pressure to be 100 psi, 
but each jurisdiction may set their own criteria.  The City’s criterion for maximum pressure is 80 
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psi.  Any area experiencing pressures above 80 psi must be furnished with individual PRVs, at 
the customer’s expense. 

In addition to the preceding criteria, the distribution system must also have sufficient capacity to 
supply fire flow requirements while maintaining a residual pressure above 20 psi during 
maximum day demand conditions.  The required fire flow rates for the City vary from 1,000 gpm 
for residential areas to 3,500 gpm for industrial areas. 

4.2 Source Capacity Analysis  

4.2.1 Description of Sources 

As discussed in Chapter 1, the City relies upon twelve groundwater wells as its sources of 
supply.  The primary sources are the Palermo and Bush Wellfields, comprised currently of six 
and two wells, respectively.  All groundwater sources pump directly into the 350 Zone. 

Booster pump stations comprise the sources of supply for the City’s two higher pressure zones, 
the 454 and 549 Zones. 

4.2.2 Source Capacity Evaluation 

Full System (and 350 Zone) 

Table 4-1 summarizes the comparison of the City’s total available source capacity with current 
and future system-wide demands.  Existing source capacities are adequate to support current 
needs, but are not sufficient to meet projected future water demands.  Since the City’s higher 
zones (454 and 549) are anticipated to accommodate only approximately 18% of the City’s total 
growth over the 20-year planning horizon, the majority of the system’s future source deficiency 
will be experienced in the 350 Zone.  However, the anticipated capacities associated with 
expansion of the Palermo Wellfield and modifications to the Bush Wellfield treatment facility, as 
well as planned future sources (i.e., the Brewery, Southwest, and Northeast Wellfields) provide 
the City with source capacity to meet needs throughout the 20-year planning period, assuming 
all sources are active.  Additional detail regarding the planning efforts surrounding these new 
sources of supply, including a discussion of water rights, is provided in Chapter 5.  Under the 
scenario assuming the largest source (i.e., the Southwest Wellfield in the future) is inactive, 
there is a projected source deficiency in 2029.  This underscores the need for continued source 
planning and development into the future. 
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meeting current and future needs.  By 2015, the deficiency increases to 1.1 mgd, and by 2029, 
the deficiency is projected to be 1.8 mgd. 

The City plans to address this supply deficiency by upgrading the booster station capacity by 
approximately 1,500 gpm, as discussed in Chapter 6. 

Table 4-2  Evaluation of Source Adequacy for 454 Zone 

 
Year 

2009 2015 2029 Max(3)

Projected ERUs and Demand (1)   
Equivalent Residential Units (ERUs) 5,927 8,130 10,091  5, 125 
Average Day Demand (gpd) 906,900 1,243,900 1,543,900  784,200 
Maximum Day Demand (gpd) 2,176,160 2,985,760 3,705,360  1,882,080

Evaluation of Existing Sources   
Available Source (mgd)(2)   

454 Zone Booster Pump Station (1,307 gpm) 1,882,080 1,882,080 1,882,080 1,882,080
Total Available Source - (gpd) 1,882,080 1,882,080 1,882,080 1,882,080
Source Surplus/(Deficiency) (gpd) (294,080) (1,103,680) (1,823,280) 0
Evaluation of Future Sources 
Future Source  (gpd)(2) 

BPS Expansion (1500 gpm) 2,160,000 2,160,000 
Total - Future 0 2,160,000 2,160,000 

Total Available Source (Existing + Future) 1,882,080 4,042,080 4,042,080 
Source Surplus/(Deficiency) - Future Sources (gpd) (294,080) 1,056,320 336,720  

1. Projected demands taken from Chapter 2, Table 2-9 (Demand Forecast Without Additional Conservation).  
ERUs calculated as Average Day Demand / ERU water use factor (153 gpd/ERU). 

2. Source pumps are operating at the maximum production rate (i.e., for 24 hours per day).   
3. Maximum ERUs to be served with current sources, based on maximum production rate (i.e., 24 hours per day). 

Max ERUs = Total Available Source / Maximum Day Demand per ERU (367 gpd/ERU).  With the addition of 
planned future source capacities, the maximum number of ERUs served increases to approximately 11,000. 

549 Zone 

The 549 Zone Booster Pump Station supplies water to the 549 Zone with three pumps rated at 
675 gpm collectively.  The source adequacy evaluation, summarized in Table 4-3, indicates that 
this capacity is sufficient in meeting current and future needs.   

Table 4-3  Evaluation of Source Adequacy for 549 Zone 

 
Year

2008 2014 2028 Max(3)

Projected ERUs and Demand (1)   
Equivalent Residential Units (ERUs) 281 314 412  >500
Average Day Demand (gpd) 43,000 48,000 63,000  NA
Maximum Day Demand (gpd) 102,000 115,000 152,000  NA

Evaluation of Existing Sources
Available Source (mgd)(2) 

549 Zone Booster Pump Station (675 gpm) 972,000 972,000 972,000  972,000
Total Available Source (gpd) 972,000 972,000 972,000  972,000
Source Surplus/(Deficiency) - (mgd) 870,000 857,000 820,000  NA

1. Projected demands taken from Chapter 2, Table 2-9 (Demand Forecast Without Additional 
Conservation).  ERUs calculated as Average Day Demand / ERU water use factor (153 gpd/ERU). 

2. Source pumps are operating at the maximum production rate (i.e., for 24 hours per day).   
3. Maximum ERUs to be served with current sources, based on maximum production rate (i.e., 24 hours 

per day).  Max ERUs = Total Available Source / Maximum Day Demand per ERU (367 gpd/ERU).   
In this case, the maximum number of ERUs greatly exceeds 500, due to the significant capacity of the 
existing sources. 
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4.3 Storage Capacity Analysis  

4.3.1 Description of Storage Facilities 
As discussed in Chapter 1, the City has four active tanks that provide storage for the City.  The 
4.0 million gallon (MG) 350 Zone Tank provides direct storage capacity for the 350 Zone.  Two 
tanks, referred to as the Mottman Reservoirs or the 454 Zone Tanks, directly serve the 454 
Zone.  However, only the larger of the tanks (1.0 MG) is currently in service.  The smaller tank 
(0.08 MG) is functional but inactive.  Finally, a single tank (1.0 MG), referred to as the Tree Tank 
or the 549 Zone Tank, provides direct storage to the 549 Zone. 

However, as discussed in Chapter 1, all pressure zones are interconnected via pressure 
reducing valves (PRVs) and booster pump stations that have auxiliary power.  Therefore, the 
storage volumes in each tank are available to meet storage needs throughout the system. 

4.3.2 Storage Capacity Evaluation 
The storage capacity evaluation is based upon two primary calculations: 

1. Comparison of available versus required storage located at an elevation that provides 
at least 30 psi to the highest customer in the zone.  This evaluates the ability of existing 
storage facilities to provide required operational and equalizing storage volumes under 
current and future conditions.   

2. Comparison of available versus required storage located at an elevation that provides 
at least 20 psi to the highest customer in the zone.  This evaluates the ability of existing 
storage facilities to provide required operational, equalizing, standby, and fire flow 
storage volumes under current and future conditions. 

These two calculations were first conducted for each pressure zone independently, to determine 
the ability of each zone’s local reservoirs to satisfy the zone’s storage needs.  Then , the results 
of these calculations were combined to determine the ability of all reservoirs to meet system-
wide needs, recognizing that storage surpluses in one zone are available to meet needs in other 
zones.    The system-wide summary is presented first, followed by the detailed storage capacity 
evaluations by zone. 

System-wide Summary 

Table 4-4 provides a summary of the storage capacity analysis for the entire system.  There is 
currently a deficiency in the 454 Zone.  However, as noted earlier, storage in the other zones is 
able to supplement the local storage facilities in this zone.  Therefore, from a system-wide 
perspective, there is sufficient storage available to meet current needs. 

By 2015, however, there is a slight system-wide storage deficiency of approximately 0.12 MG.  
By 2029, this deficiency increases to approximately 2.28 MG.  The City plans to address this 
deficiency by constructing a new reservoir in the southern portion of the system, as described in 
Chapter 6.  While the planning and design of this future reservoir will take place within the 6-
year time period, construction is scheduled for directly after the 6-year planning window (i.e., in 
2016).  This is due to the following considerations: 

 The calculated 6-year (2015) deficiency is very small (0.12 MG) relative to the total 
system-wide storage requirements projected for 2015 (6.2 MG).  
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 The water demand projections that are used to calculate the required storage 
volumes are conservative, in that they do not account for additional conservation 
impacts and they include an increase in demand associated with potential future large 
industrial water users (for which there is significant uncertainty), as described in 
Chapter 2.  Therefore, it is possible that the requirements related to certain storage 
components (e.g., equalizing storage) may be less than what are assumed here; 
thereby, lessening the overall storage deficiencies. 

 As described in Chapter 1, the City has an additional reservoir in the 350 Zone (i.e., 
the 0.2 MG Airport Reservoir).  This currently unused reservoir could be brought into 
service within the 6-year planning window to address near-term storage deficiencies if 
demands increase at the pace assumed here and the planned future reservoir has 
not yet been constructed. 

Further details for each pressure zone are provided following Table 4-4. 

350 Zone 

Table 4-5 provides the results of the storage capacity analysis for the 350 Zone.  By 2015, the 
350 Zone Reservoir is deficient in supporting storage needs in this zone by approximately 0.3 
MG.  By 2029, this deficiency increases to approximately 2.1 MG. 

454 Zone 

Table 4-6 provides the results of the storage capacity analysis for the 454 Zone.  Currently, the 
454 Zone Reservoir is not, by itself, able to meet the storage needs of the zone.  By 2015, the 
deficiency increase to approximately 0.3 MG, and by 2029 the deficiency is approximately 0.66 
MG. 

549 Zone 

Table 4-7 provides the results of the storage capacity analysis for the 549 Zone.  The 549 Zone 
Reservoir is able to fully meet the current and projected future needs of this zone. 
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Table 4-4  Summary of Storage Capacity Analysis 

Year 
2009 2015 2029 

Storage Volumes Providing > 30 psi (Total of Operating and 
Equalizing Storage Components), in gallons

549 Zone 
Available Storage at 30 psi 531,203 531,203  531,203 
Required Storage at 30 psi 58,473 58,473  58,473 
Storage Surplus/(Deficiency) (1) 472,729 472,729  472,729 

454 Zone 
Available Storage at 30 psi 597,872 597,872  597,872 
Required Storage at 30 psi 406,005 315,655  435,655 
Storage Surplus/(Deficiency) (1) 191,867 282,217  162,217 

350 Zone 
Available Storage at 30 psi 3,160,415 3,160,415  3,160,415 
Required Storage at 30 psi  1,566,692  1,402,842  1,614,942 
Storage Surplus/(Deficiency) (1)  1,593,722  1,757,572  1,545,472 

Total System Surplus/(Deficiency) (2)  2,258,319  2,512,519  2,180,419 
Storage Volumes Providing > 20 psi (Total of Operating, 
Equalizing, Standby, and Fire Storage Components), in gallons

549 Zone 
Available Storage at 20 psi 706,904 706,904  706,904 
Required Storage at 20 psi 508,473 508,473  508,473 
Storage Surplus/(Deficiency) (1) 
Additional Storage Available to Lower Zones (3) 

198,430 
267,651 

198,430 
267,651  

198,430 
267,651 

454 Zone 
Available Storage at 20 psi 949,952 949,952  949,952 
Required Storage at 20 psi 1,095,663 1,261,586  1,609,723 
Storage Surplus/(Deficiency) (1) (145,711) (311,634) (659,771) 

350 Zone 
Available Storage at 20 psi 4,164,060 4,164,060  4,164,060 
Required Storage at 20 psi  3,239,772  4,434,439   6,254,904 
Storage Surplus/(Deficiency) (1)  924,288 ( 270,379) ( 2,090,844) 

Total System Surplus/(Deficiency) (2)  1,244,659 ( 115,932) ( 2,284,534) 
1. Any storage surplus in a given pressure zone is available to meet needs in other zones. 
2. System-wide surplus or deficiency, considering the availability of localized storage surpluses to meet needs 

throughout the system. 
3. The total storage volume in the 549 Reservoir is 974,555 gallons.  Although only 706,904 gallons of this total is 

available to the 549 Zone at a pressure greater than 20 psi, the remaining storage volume (267,651 gallons), 
which serves as dead storage for the 549 Zone, is available to the lower zones to meet fire suppression and 
standby storage needs there. 
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Table 4-5  Evaluation of Storage Adequacy for 350 Zone 

  
Year 

2009 2015 2029 Max(11) 
Projected ERUs and Demand(1)         

Equivalent Residential Units (ERUs) 14,380 20,641 34,465  16,037 
Average Day Demand (gpd) 2,200,100 3,158,100 5,273,100  2,453,697 
Maximum Day Demand (gpd) 5,291,840  7,589,240 12,6,452,640  5,888,872 

Available Source (gpd)(2)          
Palermo Wellfield         

Well 2 (83 gpm)  119,520 119,520 119,520  119,520 
Well 3 (0 gpm)  0 0 0  0 
Well 4 (187 gpm)  269,280 269,280 269,280  269,280 
Well 5 (169 gpm)  243,360 243,360 243,360  243,360 
Well 6 (248 gpm)   357,120 357,120 357,120  357,120 
Well 8 (166 gpm) 239,040 239,040 239,040  239,040 

Bush Wellfield         
Well 12 (578 gpm) 832,320 832,320 832,320  832,320 
Well 14 (1916 gpm) 2,759,040 2,759,040 2,759,040  2,759,040 

Other (Existing)         
Well 9 (321 gpm) 462,240 462,240 462,240  462,240 
Well 10 (442 gpm) 636,480 636,480 636,480  636,480 
Well 11 (357 gpm) 514,080 514,080 514,080  514,080 
Well 15 (508 gpm) 731,520 731,520 731,520  731,520 

Future       
Palermo Expansion (1,147 gpm)  1,651,680 1,651,680  1,651,680 
Bush Treatment Facility Mod. (500 gpm)  720,000 720,000 720,000 
Southwest Wellfield (2,226 gpm)    3,205,440 3,205,440 
Northeast Wellfield (2,000 gpm)  2,880,000  2,880,000 
Brewery (2,000 gpm) 2,880,000 2,880,000  2,880,000 

Total Available Source (gpd)  7,164,000 12,415,680 18,501,120  18,501,120 
Multi-Source Credit (gpd)(3)  4,404,960 9,535,680  15,295,680   15,295,680 
Required Storage Calculations         

Operational Storage (gal)(4) 1,124,296 1,124,296 1,124,296  1,124,296 
Equalizing Storage (gal)(5) 442,396 278,546 490,646  543,835 
Standby Storage (gal)(6) 1,673,080 2,401,597 4,009,962   1,978,675 
Fire Flow Storage (gal)(7) 630,000 630,000 630,000  630,000 

Required Storage          
Greater than 30 psi at highest meter (gal)(8)  1,566,692  1,402,842 1,614,942   1,668,131 
Greater than 20 psi at highest meter (gal)(9)  3,239,772  4,434,439  6,254,904   4,164,060 

Existing Zone Storage Greater Than 30 psi (mg)(10)         
350 Zone Reservoir 3,160,415 3,160,415 3,160,415  3,160,415 

Total Existing Zone Storage at 30 psi (gal) 3,160,415 3,160,415 3,160,415  3,160,415 
Storage Surplus/(Deficiency) at 30 psi (gal)  1,593,722  1,757,572  1,545,472   1,492,284 
Existing Zone Storage Greater Than 20 psi (gal)(10)         

350 Zone Reservoir 4,164,060 4,164,060 4,164,060  4,164,060 
Total Existing Zone Storage at 20 psi (gal) 4,164,060 4,164,060 4,164,060  4,164,060 
Storage Surplus/(Deficiency) at 20 psi (gal)  924,288 ( 270,379) 2,090,844) 0 
1. Projected demands taken from Chapter 2, Table 2-9 (Demand Forecast Without Additional Conservation).  

ERUs calculated as Average Day Demand / ERU water use factor (153 gpd/ERU). 
2. Available source assumes source pumps are on for 24 hours in a day, at the maximum production rate.   
3. Multi-source credit assumes largest source is out of service.   

See footnotes on following page 
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4. Required operational storage is based on current operating levels (i.e., first source is called when reservoir level 
drops to 73%). 

5. Required equalizing storage is equal to [(PHD for 350 Zone + Combined Pumping Capacities of 454 and 549 
Zone Booster Pump Stations, which pump out of the 350 Zone (1,307 and 675 gpm, respectively) - Total 
Available Source) x 150 minutes].   
PHD: (Maximum Day Demand per ERU / 1440) * [(C) * (N) + F] + 18 
(C & F values obtained from Table 5-1 in DOH Aug 2001 WSDM)  

6. Required standby storage is the greater of (2*ADD less multi-source credit) or (116 gallons per ERU).   
7. Required fire flow storage = 3,500 gpm x 3 hours. 
8. Total required storage greater than 30 psi is equal to the total of operational and equalizing storage.   
9. Total required storage greater than 20 psi is equal to the total of operational, equalizing, standby, and fire flow 

storage.  This assumes that standby and fire flow storage are nested in 2009, but not in future years. 
10. The storage volume available in existing reservoirs at 30 and 20 psi is based on the elevation of the highest 

customer (~258 ft). 
11. Maximum ERUs served by available storage located solely in the 350 Zone. 
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Table 4-6  Evaluation of Storage Adequacy for 454 Zone 

 
Year 

2009 2015 2029 Max(11) 
Projected ERUs and Demand(1)         

Equivalent Residential Units (ERU's) 5,927 8,130 10,091  6,205 
Average Day Demand (gpd) 906,900 1,243,900 1,543,900  949,382 
Maximum Day Demand (gpd) 2,176,160 2,985,760 3,705,360  2,278,516 

Available Source (gpd)(2)         
Pump 1 (450 gpm) 648,000 648,000 648,000  648,000 
Pump 2 (450 gpm) 648,000 648,000 648,000  648,000 
Pump 3 (450 gpm current; 636 gpm future) 648,000 915,840 915,840  915,840 
Pump 4 (636 gpm)   915,840 915,840  915,840 
Pump 5 (636 gpm)   915,840 915,840  915,840 

Total Available Source (gpd) 1,882,080 4,043,520 4,043,520  4,043,520 
Multi-Source Credit (gpd)(3) 1,234,080 3,127,680 3,127,680  3,127,680 
Required Storage Calculations         

Operational Storage (gal)(4) 227,988 227,988 227,988  227,988 
Equalizing Storage (gal)(5) 178,016 87,666 207,666  0 
Standby Storage (gal)(6) 689,658 945,932 1,174,068  721,964 
Fire Flow Storage (gal) (7) 630,000 630,000 630,000  630,000 

Required Storage         
Greater than 30 psi at highest meter (gal)(8) 406,005 315,655 435,655  227,988 
Greater than 20 psi at highest meter (gal)(9) 1,095,663 1,261,586 1,609,723  949,952 

Existing Zone Storage Greater Than 30 psi (gal)(10)          
454 Zone Reservoir 597,872 597,872 597,872  597,872 

Total Existing Zone Storage at 30 psi (gal) 597,872 597,872 597,872  597,872 
Storage Surplus/(Deficiency) at 30 psi (gal) 191,867 282,217 162,217  369,883 
Existing Zone Storage Greater Than 20 psi (gal)(10)         

454 Zone Reservoir 949,952 949,952 949,952  949,952 
Total Existing Zone Storage at 20 psi (gal) 949,952 949,952 949,952  949,952 
Storage Surplus/(Deficiency) at 20 psi (gal) (145,711) (311,634) (659,771) 0 

1. Projected demands taken from Chapter 2, Table 2-9 (Demand Forecast Without Additional Conservation).  
ERUs calculated as Average Day Demand / ERU water use factor (153 gpd/ERU). 

2. Available source assumes source pumps are on for 24 hours in a day, at the maximum production rate.  Total 
current pump station capacity is less than the total of each individual pump summed, due to the hydraulic 
conditions when all pumps operate simultaneously.  Pumps 4 and 5 represent additional pumps to be added by 
2015. 

3. Multi-source credit assumes largest source is out of service.   
4. Required operational storage is based on current operating levels (i.e., first source is called when reservoir level 

drops to 76%). 
5. Required equalizing storage is equal to [(PHD - Total Available Source) x 150 minutes]. 

PHD: (Maximum Day Demand per ERU / 1440) * [(C) * (N) + F] + 18  
(C & F values obtained from Table 5-1 in DOH Aug 2001 WSDM)  

6. Required standby storage is the greater of (2*ADD less multi-source credit) or (116 gallons per ERU).   
7. Required fire flow storage = 3,500 gpm x 3 hours. 
8. Total required storage greater than 30 psi is equal to the total of operational and equalizing storage.   
9. Total required storage greater than 20 psi is equal to the total of operational, equalizing, standby, and fire flow 

storage.  This assumes standby and fire flow storage are nested. 
10. The storage volume available in existing reservoirs at 30 and 20 psi is based on the elevation of the highest 

customer (~364 ft). 
11. Maximum ERUs served by available storage located solely in the 454 Zone. 
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Table 4-7  Evaluation of Storage Adequacy for 549 Zone 

 
Year 

2009 2015 2029 Max(11) 
Projected ERUs and Demand(1)         

Equivalent Residential Units (ERU's) 281 314 412  3,579  
Average Day Demand (gpd) 43,000 48,000 63,000  547,655  
Maximum Day Demand (gpd) 102,000 115,000 152,000  1,314,374  

Available Source (mgd)(2)         
Pump 1 (400 gpm) 576,000 576,000 576,000  576,000  
Pump 2 (400 gpm) 576,000 576,000 576,000  576,000  

Total Available Source (gpd)  972,000 972,000 972,000  972,000  
Multi-Source Credit (gpd)(3)  576,000 576,000 576,000  576,000  
Required Storage Calculations         

Operational Storage (gal)(4) 58,473 58,473 58,473  58,473  
Equalizing Storage (gal)(5) 0 0 0  129,119  
Standby Storage (gal)(6) 32,700 36,502 47,909  519,312  
Fire Flow Storage (gal)(7) 450,000 450,000 450,000  450,000  

Required Storage          
Greater than 30 psi at highest meter (gal)(8) 58,473 58,473 58,473  187,592  
Greater than 20 psi at highest meter (gal)(9) 508,473 508,473 508,473  706,904  

Existing Zone Storage Greater Than 30 psi (gal)(10)         
549 Zone Reservoir 531,203 531,203 531,203  531,203  

Total Existing Zone Storage at 30 psi (gal)  531,203 531,203 531,203  531,203  
Storage Surplus/(Deficiency) at 30 psi (galg) 472,729 472,729 472,729  343,611  
Existing Zone Storage Greater Than 20 psi (gal)(10)         

549 Zone Reservoir 706,904 706,904 706,904  706,904  
Total Existing Zone Storage at 20 psi (gal)  706,904 706,904 706,904  706,904  
Storage Surplus/(Deficiency) at 20 psi (gal)  198,430 198,430 198,430  0  
Additional Storage Available to Lower Zones (gal) (12) 267,651 267,651 267,651 267,651 

1. Projected demands taken from Chapter 2, Table 2-9 (Demand Forecast Without Additional Conservation).  
ERUs calculated as Average Day Demand / ERU water use factor (153 gpd/ERU). 

2. Available source assumes source pumps are on for 24 hours in a day, at the maximum production rate.   
Total current pump station capacity is less than the total of each individual pump summed, due to the hydraulic 
conditions when all pumps operate simultaneously. 

3. Multi-source credit assumes largest source is out of service.   
4. Required operational storage is based on current operating levels (i.e., first source is called when reservoir level 

drops to 94%). 
5. Required equalizing storage is equal to [(PHD - Total Available Source) x 150 minutes]. 

PHD: (Maximum Day Demand per ERU / 1440) * [(C) * (N) + F] + 18 
(C & F values obtained from Table 5-1 in DOH Aug 2001 WSDM)  

6. Required standby storage is the greater of (2*ADD less multi-source credit) or (116 gallons per ERU).  
7. Required fire flow storage = 2,500 gpm x 3 hours. 
8. Total required storage greater than 30 psi is equal to the total of operational and equalizing storage.   
9. Total required storage greater than 20 psi is equal to the total of operational, equalizing, standby, and fire flow 

storage.  This assumes standby and fire flow storage are nested. 
10. The storage volume available in existing reservoirs at 30 and 20 psi is based on the elevation of the highest 

customer (~410 ft). 
11. Maximum ERUs served by available storage located solely in the 549 Zone. 
12.  The total storage volume in the 549 Reservoir is 974,555 gallons.  Although only 706,904 gallons of this total is 

available to the 549 Zone at a pressure greater than 20 psi, the remaining storage volume (267,651 gallons), 
which serves as dead storage for the 549 Zone, is available to the lower zones to meet storage needs there. 
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4.4 Distribution System Analysis  

4.4.1 Description of Distribution System 

The existing distribution system consists of piping varying from individual service connections to 
24-inch water mains.  Within the system, there are three pressure zones that are defined 
according to topography, with one reservoir currently serving each zone.  With the exception of 
small diameter service lines, there is approximately 626,000 ft of piping in the system.  Table 4-
8 below lists the total length of piping according to pipe diameter.   

Table 4-8  Distribution System Piping 

Pipe Diameter (in) Total Length (ft) 
3 3,000 
4 31,000 
6 118,000 
8 231,000 

10 62,000 
12 147,000 
16 22,000 
24 12,000 

Total 626,000 

4.4.2 Description of Analysis Approach 

Computer Hydraulic Model 

The distribution system analysis was performed within the H2ONet software produced by 
MWHSoft, Inc.  A complete model of the existing water system was previously developed by the 
City.  This includes all elements of the distribution system with the exception of individual 
service connections and dead end hydrant piping.  All reservoirs, pump stations, wells, and 
pressure reducing stations are modeled according to actual dimensions, capacities and settings.  
For the purpose of the WSP update, the model has been checked and verified that it is up to 
date.   

Demand Allocation 

The demand forecast developed in Chapter 2 was used as the basis for the allocation of 
demands throughout model nodes in the system.  Demand forecast subtotals by pressure zone 
and by zoning classification (i.e., residential and non-residential) were extracted from the 
system-wide demand forecast.  Each model node was assigned a pressure zone (within which 
the node resides) and a zoning classification.  Some nodes in the model were excluded as 
demand nodes as they were either on transmission piping or nodes used to represent the 
reservoir, pump station, and well components in the model.  The demand forecast subtotals 
were then evenly distributed amongst the model demand nodes according to pressure zone and 
zoning classification. 

Multiple demand alternatives were developed in the model, including Average Day Demand, 
Maximum Day Demand (based upon the peaking factor of 2.4 established in Chapter 2), and 
Peak Hour Demand (calculated based upon the formula presented in Chapter 5 of the DOH 
Water System Design Manual, August 2001).   
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Calibration  

Calibration of the model last occurred in 2007 by City staff.  In August 2009, additional field 
testing was conducted by the City in order to verify the calibration of the model.  Sixteen hydrant 
flow tests were performed throughout the water system and the pressure readings where 
compared with data extracted from the model.  Table 4-9 lists each test and the corresponding 
data.  Differences between the field data and model data were within five psi in all cases, with 
the exception of a few nodes in the higher zones.  Differences for these few were as high as ten 
psi.  Possible errors are related to the steep topography of these zones, and inaccurate 
depictions of elevations in the model.  These pressure zones have varied topographical features 
and the elevation is estimated where the gauge hydrant is not represented in the model with a 
node at the exact location.  

After review of the data collected from the field and model, it was determined that any 
discrepancies between the field and model were within a reasonable margin of error and that 
the model was sufficiently calibrated to performed the required analysis. 

Conditions and Scenarios  

As required by DOH, the City’s water system was analyzed and deficiencies were identified for 
the following two conditions:  

1) Peak Hour Demand 
2) Maximum Day Demand plus Fire Flow.   

All modeling results are based on steady state analysis.  Extended period simulations were not 
performed as a part of this analysis. Each condition was analyzed for three time scenarios that 
represent the current and future water system demands defined for years 2009, 2015 (6-year 
planning horizon), and 2029 (20-year planning horizon).   

Deficiencies evaluated for each condition and scenario are described herein.  Under the peak 
hour condition, the water system was evaluated to identify any areas of the system that may 
have a pressure below 30 psi, or a pressure greater than 80 psi.  Under the maximum day plus 
fire flow condition, the water system was evaluated for its ability to provide the required fire flow 
capacity while maintaining residual pressures above 20 psi within the pressure zone of the 
hydrant being analyzed. 



 
 

C
it

y 
o

f 
T

u
m

w
at

er
 

 
C

h
ap

te
r 

4
 

20
1

0 
W

at
er

 S
ys

te
m

 P
la

n
 

4-
16

 
A

p
ri

l 2
0

11
 

Ta
bl

e 
4

-9
  

C
al

ib
ra

ti
on

 T
es

t 
D

at
a 

H
yd

ra
n

t 
T

es
t 

N
o.

 
L

oc
at

io
n

 D
es

cr
ip

ti
on

 
P

re
ss

ur
e 

Z
on

e 

G
au

ge
 

H
yd

ra
n

t 
N

o.
 

F
ie

ld
 S

ta
ti

c 
P

re
ss

ur
e(

ps
i)

 

M
od

el
 

S
ta

ti
c 

P
re

ss
ur

e 
(p

si
) 

S
ta

ti
c 

P
re

ss
ur

e 
D

if
fe

re
nc

e 
(p

si
) 

H
yd

ra
n

t 
F

lo
w

 
(g

p
m

) 

F
ie

ld
 

R
es

id
u

al
 

P
re

ss
ur

e 
(p

si
) 

M
O

D
E

L
 

R
es

id
u

al
 

P
re

ss
ur

e 
(p

si
) 

R
es

id
u

al
 

P
re

ss
ur

e 
D

if
fe

re
nc

e 
(p

si
) 

F
IE

L
D

 
P

re
ss

ur
e 

D
ro

p
 

(p
si

) 

M
O

D
E

L
 

P
re

ss
ur

e 
D

ro
p

 
(p

si
) 

D
if

fe
re

nc
e 

in
 F

ie
ld

 
an

d
 M

od
el

 
P

re
ss

ur
e 

D
ro

p
 (

p
si

) 
1 

R
W

 J
oh

ns
on

 @
 S

im
m

on
s 

M
il

l 
45

4 
F

H
24

8 
59

 
48

 
11

 
87

6 
54

 
48

 
6 

5 
0 

5 
2 

R
W

 J
oh

ns
on

 @
 2

9t
h 

A
ve

 
45

4 
F

H
23

4 
83

 
81

 
2 

10
12

 
70

 
78

 
-8

 
13

 
3 

10
 

3 
M

ay
fa

ir
 D

r 
45

4 
F

H
24

4 
87

 
88

 
-1

 
99

8 
75

 
84

 
-9

 
12

 
4 

8 
4 

B
ar

ne
s 

B
lv

d 
@

 B
lu

e 
S

ky
 

54
9 

F
H

50
 

69
 

75
 

-6
 

10
12

 
67

 
71

 
-4

 
2 

4 
-2

 
5 

B
ar

ne
s 

B
lv

d 
cr

os
s 

fr
om

 3
50

 R
es

 
45

4 
F

H
59

 
57

 
57

 
0 

92
4 

56
 

56
 

0 
1 

1 
0 

6 
L

in
w

oo
d 

@
 7

th
 

35
0 

F
H

35
7 

70
 

70
 

0 
99

8 
70

 
70

 
0 

0 
0 

0 
7 

C
le

ve
la

nd
 @

 C
us

te
r 

35
0 

F
H

10
82

 
71

 
71

 
0 

92
4 

62
 

62
 

0 
9 

9 
0 

8 
D

el
ta

 @
 C

le
ve

la
nd

 
35

0 
F

H
76

7 
65

 
65

 
0 

71
6 

60
 

58
 

2 
5 

6 
-1

 
9 

P
al

om
in

o 
D

r 
35

0 
F

H
74

9 
67

 
67

 
0 

92
4 

57
 

56
 

1 
10

 
11

 
-1

 
10

 
Is

ra
el

 @
 C

ap
it

al
 

35
0 

F
H

48
9 

64
 

65
 

-1
 

92
4 

63
 

63
 

0 
1 

2 
-1

 
11

 
79

th
 @

 T
ra

il
s 

E
nd

 D
r 

35
0 

F
H

10
61

 
60

 
60

 
0 

86
0 

55
 

55
 

0 
5 

5 
0 

12
 

O
ld

 9
9 

@
 N

or
th

 R
iv

er
 D

r 
35

0 
F

H
99

9 
59

 
63

 
-4

 
82

6 
56

 
59

 
-3

 
3 

4 
-1

 
13

 
L

in
de

rs
on

 @
 7

3r
d 

35
0 

F
H

70
8 

71
 

75
 

-4
 

95
4 

68
 

70
 

-2
 

3 
5 

-2
 

14
 

C
en

te
r 

S
t @

 8
3r

d 
35

0 
F

H
89

6 
84

 
79

 
5 

10
67

 
74

 
71

 
3 

10
 

8 
2 

15
 

L
it

tl
er

oc
k 

R
d 

@
 7

3r
d 

35
0 

F
H

84
4 

77
 

73
 

4 
99

8 
70

 
67

 
3 

7 
5 

2 
16

 
K

ir
so

p 
V

il
la

ge
 @

 6
6t

h 
35

0 
F

H
43

0 
83

 
79

 
4 

10
93

 
73

 
72

 
1 

10
 

7 
3 

 



  

City of Tumwater  Chapter 4 
2010 Water System Plan 4-17 April 2011 

4.4.3 Peak Hour Demand Analysis Results 

The first analysis conducted in the model evaluated system pressures during peak hour demand 
conditions for each planning year.  An integral part of the analysis is the addition of planned 
improvements to the modeled system.  Tables 4-10 and 4-11 summarize the system 
improvements that are assumed to be completed by 2015 and by 2029, respectively.  The 
source, pumping, and storage improvements address deficiencies described earlier in this 
chapter.  The distribution piping improvements primarily represent system improvements that 
have been previously identified by the City to increase system reliability through looping, main 
upsizing, extensions to serve anticipated development, etc.  In addition, necessary piping 
infrastructure to connect new source and storage facilities has been included at appropriate 
timeframes in the model.   

Table 4-10  Water System Improvements Included for 6-yr (2015) Timeframe 

Improvement 
Category Description 

Source Brewery Wellfield Infrastructure Development (2,000 gpm) 
Source 
Source 

Bush Treatment Facility Modification (500 gpm) 
SW Wellfield Infrastructure Development (1,113 gpm) (1) 

Pump Station 454 Zone BPS Capacity Upgrade (1,500 gpm) 
Storage Additional 350 Zone Reservoir (2.5 MG) (1) 

Distribution 93rd Avenue Watermain Extension I-5 (2,200 LF) 
Distribution Transmission Main to SW Wellfield (1,800 LF) 
Distribution North/South Transmission - To Tumwater Blvd. (4,300 LF) – 24-inch from Tyee Dr to 73rd Ave 
Distribution Littlerock: 24-inch, Air Industrial to Prine Rd (2,600 LF) 
Distribution Tumwater Blvd Extension – 12-inch from Bonniewood Dr to Silver Ridge Way (4,700 LF) 
Distribution Henderson Blvd Extension – 16-inch from 65th Ave to Pioneer Park (2,700 LF) 
Distribution Trosper Rd Main Extension (6,700 LF) 
Distribution Linwood, Rural, and Sapp Rd (2,400 LF) 
Distribution 12-inch Transmission Main from Brewery Well (500 LF) 
Distribution Custer Way Extension - Boston St to Capitol Blvd (1,000 LF) 
Distribution Complete 6-inch Loop on Tumwater Valley Dr (1,800 LF) 
Distribution Complete 6-inch loop from Bloomingdale Ln to Bishop Rd 
Distribution 8-inch main from Lambskin St to Sapp Rd with PRV (3,000 LF) 

1. These improvements are actually scheduled in the CIP for implementation beyond the 6-year timeframe.  
However, it is anticipated that they would be constructed very shortly (i.e., within one or two years) after the 6-
year planning period; thus, for hydraulic modeling purposes they were included in the 2015 distribution system 
analysis. 

Table 4-11  Additional Water System Improvements Included for 20-yr (2029) 
Timeframe 

Improvement 
Category Description 

Source NE Wellfield Infrastructure Development (2,000 gpm) 
Distribution 10-inch Transmission Main from NE Wellfield (800 LF) 
Distribution Prine Rd (Littlerock to Kimmie St) 24-inch (5,400 LF) 
Distribution 16-inch Transmission Main from South Reservoir along Old Hwy 99 (8,500 LF) 
Distribution 16-inch Transmission Main from SW Wellfield to SE Reservoir along 93rd Ave (15,000 LF) 
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2009 Peak Hour Demand Analysis Results 

Figure 4-2 depicts the system pressures observed in the model under peak hour demand 
conditions for the current system.  There are no pressure deficiencies (<30 psi) presently.  
However, there are some pockets of high pressure (>100 psi).  These areas were further 
evaluated for potential improvements, but the distribution system piping network is such that 
none could be identified to limit pressures in these areas.  This is based on the characteristics of 
the water system, and the inability to isolate these high pressure areas from the rest of the 
distribution system.  While additional pressure reducing stations (PRVs) could be added, this 
would have a detrimental impact on other parts of the system.  The common practice adopted 
by the City is to require contractors to install individual PRVs on homes in these areas. 

2015 Peak Hour Demand Analysis Results 

Figure 4-3 shows the system pressures observed for the 2015 planning year.  Similar to the 
results from the 2009 analysis, there are no services identified as having pressures less than 30 
psi.  In the northern portion of the system, the same high pressure areas persist as were 
identified in the 2009 analysis.  A new area of high pressure is identified in the southern portion 
of the system, near the intersection of I-5 and 93rd Avenue SW.  This is a result of the high head 
required of the pumps at the Southwest Wellfield to convey water north into the system.  These 
pressures are not severely high, as they are greater than 80 psi but less than 100 psi.    

2029 Peak Hour Demand Analysis Results 

With the additional improvements listed in Table 4-11, Figure 4-4 depicts the system pressures 
observed for the 2029 planning year.  A small pocket of pressure less than 30 psi is shown on a 
section of the transmission main in the 454 Zone; however, no services are present in this area.  
The high pressure areas in the northern portion of the system are the same as in previous 
years.  The high pressures noted in the southern portion of the system during the 2015 analysis 
are remedied by the addition of a 16-inch transmission main connecting the Southwest Wellfield 
to the new reservoir planned to the southeast of the service area.  This main, while not 
necessary for system operation, completes a loop in this portion of the system and reduces high 
head conditions at the Southwest Wellfield.  If constructed earlier (i.e., in conjunction with the 
Southwest Wellfield and the new reservoir), the high pressure conditions observed during the 
2015 analysis would not be present.   
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4.4.4 Fire Flow Analysis Results 
The second portion of the analysis performed within the hydraulic model was an evaluation of 
the ability of the water system to provide required fire flows.  Fire flows were evaluated for each 
planning year in order to identify deficiencies and potential improvements.  The focus of this 
analysis was to identify and develop remedies where possible for significant fire flow 
deficiencies (i.e., those greater than 500 gpm). 

2009 Fire Flow Analysis Results 

The fire flow analysis performed for the current system identified present deficiencies (i.e., 
where available fire flows are less than requirements stated by the City’s fire department) 
throughout the distribution system.  As shown in Figure 4-5, there are a few areas where 
deficiencies are greater than 500 gpm, with a sizeable pocket of such deficiencies in the 454 
Zone.  When compared with the results from the 2015 planning year, most of these deficiencies 
are eliminated with implementation of scheduled water distribution system improvements, and 
therefore no improvements were identified to increase available fire flow for the system in 2009.  

2015 Fire Flow Analysis Results 

While the fire flow analysis conducted for the 2015 planning year indicated that many of the 
current year deficiencies are resolved by planned system improvements to be implemented in 
the coming six years, some deficient areas persisted and new deficiencies were observed in the 
system due to increased demands.  Figure 4-6 depicts the areas of most significant deficiencies 
(i.e., those generally greater than approximately 500 gpm).  The figure is labeled with number 
identifiers and the details of the results are listed in Table 4-12 (and organized using the same 
number identifiers as shown on the figure).  In brief, the deficiencies described in Table 4-12 
may be summarized as follows: 

 The major deficiencies in the 350 Zone are the result of small diameter piping and 
dead end lines in fully developed residential portions of the system.  Very few 
services are affected by these deficiencies, and improvements such as main upsizing 
and looping would be very costly.  As such, no improvements have been identified to 
resolve these issues due to their low cost-effectiveness.  

 The deficiencies in the 454 Zone are a result of the topography of this zone.  The high 
fire flow requirements in the Mottman Industrial Area cause a significant pressure 
drop on the upstream side of the PRVs along Sapp Rd.  This pressure constraint 
limits the available flow to the industrial area, while maintaining residual pressures 
greater than 20 psi.  However, since the fire flow requirements are high, the 
percentage of the total required flow provided is not substantially deficient.  At least 
84% of the total required flow can be provided throughout the Mottman Industrial 
Area.  As discussed below, an improvement has been identified to address this Sapp 
Road deficiency.  Fire flow location number 4 is an exception, and is caused by a 
hydrant being located on a dead-end line and is therefore not related to the pressure 
drop on Sapp Road.   

 The sole deficiency in the 549 Zone is located near Tumwater Hill Elementary School.  
This deficiency is not depicted on Figure 4-6, as it is less than 500 gpm.  The service 
is on a dead-end 8-inch main which limits the available flow.  However, 82% of the 
required fire flow is available, and there are no planned improvements to the school 
that would increase the fire flow requirement; therefore, there are no system 
improvements identified to address this deficiency. 
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Table 4-12  Fire Flow Deficiencies in 2015 

Zone 
Fire Flow 

Location No. 
Model 

ID 

Total Demand 
(Fire Flow + MDD) 

(gpm) 
Available 

Flow (gpm) 
Deficiency 

(gpm) 
% Fire Flow 

Requirement Met 

350 
1 J27-014 1,006 311 -695 31% 
2 J35-075 1,006 517 -489 51% 
3 J35-066 1,006 541 -465 54% 

454 

4 J28-098 3,503 2,727 -776 78% 
5 J28-042B 3,566 2,904 -662 81% 
6 J28-057A 3,503 2,908 -595 83% 
7 J28-072B 3,503 2,934 -569 84% 
8 J28-069 3,503 2,954 -548 84% 
9 J28-069A 3,503 2,957 -546 84% 

10 J28-070 3,503 2,959 -544 84% 
11 J28-071 3,503 2,959 -543 84% 
12 J28-071A 3,503 2,959 -543 84% 
13 J28-073 3,503 2,959 -543 84% 
14 J28-072 3,503 2,960 -543 85% 
15 J28-053B 3,500 2,959 -541 85% 
16 J28-053A 3,500 2,960 -540 85% 
17 J28-087 3,503 2,965 -538 85% 
18 J28-053 3,503 2,969 -534 85% 

549 Not Shown J27-120 2,002 1,637 -365 82% 

A potential improvement identified from the 2015 fire flow analysis is increasing the 8-inch water 
main on Sapp Road to a 12-inch main.  This improvement would consist of approximately 3,000 
feet of piping along Sapp Road from Antsen Street to Bush Mountain Road.  Table 4-13 lists the 
same nodes as in Table 4-12, but illustrate the effect of implementing this improvement.  The 
results are also depicted on Figure 4-7.  As shown, most 454 Zone deficiencies are eliminated. 

Table 4-13  Fire Flow Deficiencies in 2015 with Improvements 

Zone 
Fire Flow 

Location No. 
Model 

ID 

Total Demand 
(Fire Flow + MDD) 

(gpm) 
Available 

Flow (gpm) 
Deficiency 

(gpm) 
% Fire Flow 

Requirement Met 

350 
1 J27-014 1,006 311 -695 31% 
2 J35-075 1,006 517 -489 51% 
3 J35-066 1,006 541 -465 54% 

454 

4 J28-098 3,503 3,015 -487 86% 
5 J28-042B 3,566 3,275 -291 92% 
6 J28-057A 3,503 4,199 0 0% 
7 J28-072B 3,503 3,476 -26 99% 
8 J28-069 3,503 4,234 0 0% 
9 J28-069A 3,503 4,238 0 0% 

10 J28-070 3,503 4,241 0 0% 
11 J28-071 3,503 4,242 0 0% 
12 J28-071A 3,503 4,242 0 0% 
13 J28-073 3,503 4,242 0 0% 
14 J28-072 3,503 4,243 0 0% 
15 J28-053B 3,500 4,243 0 0% 
16 J28-053A 3,500 4,246 0 0% 
17 J28-087 3,503 4,254 0 0% 
18 J28-053 3,503 4,272 0 0% 

549 Not Shown J27-120 2,002 1,637 -366 65% 
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2029 Fire Flow Analysis Results 

Figure 4-8 depicts the results of the 2029 fire flow analysis, assuming all planned improvements 
have been made, including the Sapp Road upgrade discussed in the previous section.  The only 
remaining fire flow deficiencies of note are at the end of a dead-end line in the northern portion 
of the 350 Zone, at the end of a dead-end line in the northern portion of the Mottman Industrial 
Area (in the 454 Zone), and near the school in the 549 Zone.  No cost-effective improvements 
are available to address these deficiencies, as they are the result of isolated dead-end lines and 
high elevation.   



  

City of Tumwater  Chapter 4 
2010 Water System Plan 4-34 April 2011 

This Page Intentionally Left Blank




