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1.0 Introduction
The Water Supply Forum is conducting the Regional Water Supply Resiliency Project to help
the water utilities of King, Pierce, and Snohomish Counties take proactive steps in evaluating
and enhancing this region’s water supply system resiliency. Initial and specific topic areas
evaluated include earthquakes, drought, climate change, and water quality. These project
evaluations are one step in helping to determine how the region’s utilities can better prepare for
the impacts of significant system stresses. Project evaluations will contribute to public education
on regional water system risks and resiliency plans.
This technical memorandum summarizes Phase 1 of the drought resiliency evaluation. In
Phase 1, work focused on system capacity and drought risk, with analysis developed to assess
supply performance under adverse drought conditions. Potential mitigating measures were also
cataloged. In subsequent phases, targeted efforts will be identified for further analysis, to
include an evaluation of methods for enhancing drought resiliency, and coordination of findings
with those of other resiliency topic areas.

1.1

Description of Risk

Under drought conditions, reduced precipitation and/or extended warm dry periods may reduce
water availability to meet normal instream and out-of-stream water supply needs. Those same
conditions can also increase demands for municipal water supply as outdoor uses increase. The
result can be insufficient water supply to support essential and desired uses. This can result in
environmental, economic, and social consequences. Utilities have a number of tools that they
can use to reduce these impacts in anticipation of water supply shortages, such as use of
emergency or reserve supplies, reductions in releases from storage to support instream flows,
customer curtailments, and activation of wholesale supply arrangements with neighboring
utilities.

1.2

Purpose of Assessment

The purpose of the drought resiliency assessment is to evaluate the adequacy of regional
municipal water supplies during drought conditions, with the intent to identify drought
vulnerability and evaluate proactive and responsive measures that could mitigate drought risk
above and beyond the tools that currently exist.

1.3

Summary of Work Plan

The Water Supply Forum created a Drought Team composed of representatives from member
utilities, including the major regional water suppliers: Seattle Public Utilities (SPU), Tacoma
Water, and Everett Public Works (Everett). Cascade Water Alliance (CWA) was evaluated as
part of the SPU analysis, which includes CWA’s block contract in the demand forecast. The
primary question asked was whether each of the major regional water suppliers (SPU, Tacoma
Water, and Everett) would have enough supply to meet 2015 and 2035 forecast demand levels
under a severe drought. This assessment required defining and testing one or more severe
drought events. Both likelihood and severity are relevant to this process. In all scenarios, the
analysis assumes that water suppliers continue to meet existing requirements and commitments
for instream flows and mitigation, including existing tribal agreements, instream flow rules, and
commitments made to regulating agencies. The analysis is based on existing water supplies; it
does not evaluate potential sources outlined in Attachment E in the determination of current
risks to the region.
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1.3.1 Historical Drought Scenario (Scenario 1)
The Drought Team selected the chosen drought event based on historical records. Through
review and analysis by the major regional suppliers, a historical hydrologic drought was
identified. This proved to be the 1987 drought, which was the most severe 1-year drought on
record. SPU, Tacoma Water, and Everett analyzed their surface water system performance
under these conditions given both 2015 and 2035 demands. The 2015 demands used in this
assessment are based on planning-level estimates, not actual 2015 demands. The Drought
Team recognized that conditions during drought years also correspond with an increase in
customer water demands, primarily for irrigation. Therefore, Everett, SPU, and Tacoma Water
adjusted their respective demand forecasts to “hot, dry summer” demand levels. Based on the
length of the historical record, the 1987 drought is expected to represent the most severe
conditions in 50 years.
Comparison with the 2015 Drought
The drought resiliency assessment was performed in 2015, which coincidentally turned out to
be a State-wide drought year. As such, SPU1, Tacoma Water, and Everett subsequently
analyzed the 2015 drought for comparison with the 1987 drought (worst drought on record). The
2015 drought was different than the 1987 drought. The 1987 drought was primarily a “summer
and fall drought” in which there was very little precipitation and extremely low stream flows that
persisted into early December before conditions improved. The 2015 drought began with
extremely low snowpack levels and hot, dry conditions from roughly late-March through early
July. A rain event in July and another in August improved the 2015 conditions, and fall rains
returned in late October – effectively ending the drought. Tacoma Water and Everett analyzed
the 2015 drought using the same assumptions and modeling techniques as the 1987 drought.
SPU also plans to analyze the 2015 drought conditions for comparison with the 1987
drought1.
Extended Historical Drought
Climatologists predict that climate change will result in more frequent occurrences of drought
conditions (Dalton et al. 2013). To explore potential multiyear effects of a prolonged drought, the
Drought Team considered water supply impacts of the worst drought year on record (1987) by
evaluating a continuous time series from 1986 to 1988, and observing the reservoir level
impacts that occurred. SPU, Tacoma Water, and Everett determined that the impact to their
surface water supplies was not worsened by a multiyear drought, since reservoir carryover
storage is already limited to allow for winter flood events. Since the three surface water systems
essentially reset each year to accommodate flood events, the drought assessment determined
that there was no compounding effect of this multiyear drought because the reservoirs refilled to
the same levels as in the 1986–1987 water year. Therefore, the Drought Team decided that this
scenario did not require additional evaluation beyond that of Scenario 1.
Sections 2.4.1, 3.4.1, and 4.4.1 provide more detail on multiyear drought considerations related
to SPU’s, Tacoma Water’s, and Everett’s systems, respectively. Section 5.0 provides a
summary of multiyear drought impacts to groundwater supplies.

1

SPU is in the process of analyzing the 2015 drought. Once complete, a summary of this analysis will be
added to this technical memorandum.
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1.3.2 Extreme Drought Scenario (Scenario 2)
The Drought Team developed a second scenario that increased the severity of the
1987 drought to a point where the supply systems failed to meet projected demands, even with
certain demand and supply management measures taken. The Team reduced reservoir inflow
conditions from the 1987 flow records to identify the point when the three regional systems
would fail to meet projected demands. The Team determined that a drought with reservoir inflow
conditions at least 25 percent lower than the low flows of the 1987 drought was needed to reach
this threshold, based on analysis of SPU’s and Tacoma Water’s systems. For consistency and
comparison purposes, Everett’s water system was also analyzed under this scenario.

1.3.3 Regional Groundwater Assessment
While the above approach tested the major surface water systems, the Team developed a
separate evaluation of the resiliency of groundwater supplies and the level of coincidence of
groundwater depletion with surface water shortages. This evaluation was a high-level review of
groundwater in the Central Puget Sound water supply planning area. It examined the capacity
and durability of groundwater sources and the type of drought conditions that stress
groundwater systems in the region. This provided a basis for considering the relationship
between surface water and groundwater systems as related to drought impacts and resiliency.

1.3.4 Regional Resiliency Project Water Supplier Survey
The drought resiliency analytical effort focused on the three major regional supply systems
(Tacoma Water, SPU, and Everett) plus a generalized review of regional groundwater
resources. To better understand potential areas of vulnerability within the region, the Drought
Team also surveyed the smaller water suppliers in the region to gather information on their
concerns and preparedness for drought. Attachment F provides a detailed summary of the
survey responses.
Of the 52 respondents, the majority rely on self-supplied groundwater wells and/or wholesale
surface water. Approximately two-thirds of respondents indicated that they are moderately
concerned about drought, and about 16 percent expressed significant or major concerns about
drought. Nearly 30 percent of respondents indicated that they are very or extremely well
prepared for droughts, with the remaining approximately 70 percent a little or somewhat
prepared for drought. A majority of respondents have implemented measures to make their
systems more resilient, including primarily demand management tools, emergency interties, and
emergency/ backup water supplies. Approximately 30 percent have implemented customer
demand reduction measures in the past, and roughly 40 percent of respondents indicated that
their preparedness would be improved with additional emergency/ backup water supplies.
Respondents rated reservoirs, wells, and tanks as the most vulnerable system components to
drought. The primary weather patterns that most adversely affected their supplies include
multiyear reduced precipitation and hot, dry summer conditions.
The results of the survey suggest that water suppliers in the region consider drought an
important issue and have implemented some measures to prepare for water shortages.
However, additional measures would help water suppliers be more resilient to drought. The
Drought Team took these survey results into consideration while framing and conducting the
drought resiliency assessment.
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1.4

Content Overview

This technical memorandum summarizes the methods used for and the results of these
analyses. The analyses for SPU, Tacoma Water, and Everett are presented, followed by a
summary of the groundwater assessment. Attachment A contains a glossary of commonly used
terms. Attachment B provides a summary and comparison of the regional water shortage
contingency plans (WSCPs). Attachment C contains detailed outputs from the regional system
analyses. Attachment D contains a groundwater assessment memorandum that provides a
more detailed discussion of the groundwater assessment, and Attachment E contains a table of
potential drought resiliency enhancement measures. Attachment F contains the summary of the
survey of water suppliers in the region.

2.0 SPU Assessment
2.1

Overview of System

SPU’s regional water system is the largest in Washington State. SPU serves 664,000 people in
its retail service area and provides water to 19 wholesale customers, plus CWA, who together
deliver SPU water to an additional residential population of over 629,000. The Cedar River
system, which includes Chester Morse Lake and Lake Youngs, provides approximately twothirds of the water supply, and the South Fork Tolt system provides the remaining one-third. In
addition to providing drinking water, SPU operates these systems to provide instream flows for
fisheries and aquatic habitat, manage floods, and produce hydropower. The Seattle Well Fields
are available to supplement the South Fork Tolt and Cedar supply sources during peak demand
seasons and during emergencies. Figure 4, at the end of this technical memorandum, shows
the major components of the Seattle Regional Water Supply System and the areas currently
served by SPU and its wholesale customers.

2.2

Approach

To determine how the water supply system would perform under the worst drought on record,
SPU used the same modeling tool used to calculate the firm yield of Seattle’s existing water
supply sources,2 but with some modifications to modeling assumptions. SPU uses a continuous
computer simulation model with 81 years of reconstructed historic flow records covering water
years 1929 to 2009 that takes into account past weather and hydrologic variability to produce a
system-wide firm yield estimate. Because of the tremendous variability in stream flows (and thus
water availability) from year to year, firm yield is determined using SPU’s 98 percent reliability
standard. Therefore, SPU’s firm yield is the amount of water that is assured for delivery in all
but the driest 2 percent of the years without lowering reservoirs below normal minimum
operating levels. That is, the firm yield is the amount of water that can be delivered in 80 of the
81 years simulated, but not in the worst year on record, which is 1987.
An important note for this study is that the firm yield model does not simulate how the system
would be operated in the worst year on record. Real-time operations consider much more
information than can be coded into the model. Therefore, some simplifying assumptions are

2

For more information on SPU’s firm yield modeling, see Firm Yield of Seattle’s Existing Water Supply
Sources, November 2011, prepared by SPU.
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made. The firm yield calculation also uses a monthly demand distribution based on the actual
demand of 2005 through 2009, which roughly represents average weather conditions. Hence,
the following modeling changes were made to explore system performance in 1987:
•
•

•
•

Input forecast demand levels for 2015 and 2035 using a hot summer pattern/forecast, as
described in the next section.
Allow for use of emergency storage in Chester Morse Lake below a water surface
elevation of 1,532 feet (South Fork Tolt Reservoir is assumed to be limited to normal
minimum water surface elevation of 1,710 feet).
Lower instream flows on the rivers from normal year to critical year levels as allowed in
agreements with resource agencies.
Automatically reduce customer water demand to voluntary reductions levels, with no
phasing in of stages, when:
o
o

Providing critical instream flows.
Chester Morse Lake is below water surface elevation 1,532 feet, as agreed to with
the Muckleshoot Indian Tribe.

Other assumptions used in firm yield modeling remained the same. For this study, several
assumptions are important to point out because they influence potential mitigation options:
•

Fixed rule curves are assumed on both systems to control flood season and refill
operations. No water is stored above these rule curves. The use of a fixed rule curve to
estimate firm yield results in a conservative estimate for available water supply. In
reality, dynamic rule curves are used to adjust reservoir targets during the flood season,
by allowing more water to be stored if snowpack is low. Also, SPU may refill sooner if
conditions warrant such action and flood risk is low.
o
o

•
•

•
•

For Chester Morse Lake: elevation 1,550 for October to February; elevation 1,563 for
May to August.
For South Fork Tolt Reservoir: elevation 1,754 for October to January; elevation
1,765 for March to August (this allows for refill sooner than the typical May 1 date).

The minimum level for South Fork Tolt Reservoir is set at elevation 1,710 to limit turbidity
events (outlet elevation is at 1,660 feet).
At least 28 percent of the total demand must be served from the South Fork Tolt due to
limitations in transferring water from the Cedar system to the north end of the service
area normally receiving water from the Tolt.
Water stored in Lake Youngs is not used to meet water supply needs. Also, shutdowns
at Landsburg Diversion due to high turbidity are not modeled.
Seattle Well Fields are operated as Aquifer Storage and Recovery facilities as specified
in SPU’s application for a water right permit:
o
o

5 million gallons per day (MGD) recharged to aquifer from SPU’s Cedar system for
14 weeks from January to March.
10 MGD withdrawn for 14 weeks as needed from July to December.
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2.3

Demand Analysis

SPU periodically updates forecasts for water use by its retail and wholesale customers,
including nonrevenue water uses (system water use, leaks, etc.). SPU’s latest water demand
forecast3 is based on expected growth in the number and types of households and employment,
as well as changes in demand due to changes in household income, water and wastewater
prices, and conservation (passive and programmatic). For this analysis, it is assumed that SPU
would not serve any new wholesale customers. Also, forecasts of actual water use were used
for Northshore Utility District instead of the block contract amount since current actual use is
lower than the block in the near-term. Forecasts for CWA’s members are assumed to be equal
to the block contract amount.
The forecasts also assume average weather conditions. To develop water demand forecasts
under hot summer conditions, SPU examined its recent water consumption information and
found that 2003 had the highest ratio of peak season to base (winter) consumption. This pattern
of water use was then applied to the 2015 and 2035 forecasts to generate monthly demands
that could be used in the supply analysis. Figure 1 shows forecast 2015 and 2035 hot, dry
summer demands.

Figure 1

Monthly Distribution of SPU Water Demand in Hot, Dry Summer

This resulted in increased demand for the peak season (June through September) of
approximately 13 percent, and increased demand on an average annual basis of approximately
5 percent. Table 1 summarizes forecasted water demand under average weather conditions
and hot summer conditions for 2015 and 2035.

3

Reference: SPU 2013 Revised Official Yield Estimate and Long-Range Water Demand Forecast
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Table 1

SPU Average Annual Water Demand in Different Weather Scenarios
Scenario

Average weather
Hot summer

2015

2035

121 MGD

135 MGD

127.5 MGD

142.2 MGD

The demand reductions for customer curtailments used in the analysis are based on the
percentage reductions listed in SPU’s WSCP, shown in Table 2 (see Attachment B).
Table 2

SPU Demand Reductions with Curtailments
Voluntary Reduction
(%)

Mandatory Reduction
(%)

October

5

10

November

5

10

December

5

10

January

5

10

February

5

10

March

5

10

April

5

10

May

10

15

June

10

20

July

10

20

August

10

20

September

10

15

Month

2.4

SPU Drought Analysis

2.4.1 Historic Drought Scenario (Scenario 1)
SPU analyzed how its regional water supply system would perform under historic 1986 to 1988
hydrologic conditions using the assumptions noted in the previous sections. Attachment C
contains the outputs from the analyses. The results indicate that there is sufficient supply to
meet forecast water demands in 2015 and 2035 under hot summer conditions, as well as
normal instream flows, even without use of SPU’s wells. Modeling indicates that SPU would
need to operate the Chester Morse Lake Pump Plant to access water stored at low elevations
(below 1,538 feet) of Chester Morse Lake, but that emergency storage below 1,532 feet did not
need to be accessed to meet 2015 demands. Under the 2035 demand scenario, it is likely that
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Chester Morse Lake would drop below elevation 1,532, which requires customer curtailments
per SPU’s agreement with the Muckleshoot Indian Tribe (if not already in curtailments). SPU
would also draw down the South Fork Tolt Reservoir to its normal minimum operating level of
elevation 1,710. If SPU’s wells were used and critical instream flows were provided along with
voluntary reductions in customer water use, then the water levels in the reservoirs would not
drop as far.
Extended Historical Drought
To explore potential multiyear effects of a prolonged drought, SPU considered water supply
impacts of the worst drought year on record (1987) by evaluating a continuous time series from
1986 to 1988, and observing the reservoir level impacts that occurred. SPU determined that the
impact to its surface water supplies was not worsened by this multiyear drought, since reservoir
carryover storage is already limited to allow for winter flood events. That is, the winter of 1987
to 1988 was wet enough for the reservoirs to fill back up to reservoir flood storage pocket spill
levels. As a result, modeling showed that the reservoir drawdown pattern and storage quantity
would repeat itself for the remainder of the second year.

2.4.2 Extreme Drought Scenario (Scenario 2)
Given these results, SPU then explored what hydrologic conditions would result in use of all of
the water stored in its reservoirs such that customer water demands in 2035 and critical-year
instream flows would not be met. SPU found that if all inflows to its water supplies from 1986
through 1988 were reduced by approximately 25 percent, then demands would not be met even
with switching to critical-year instream flows and requesting voluntary curtailments. However,
the model results indicate that while SPU would draw down the South Fork Tolt Reservoir to its
normal minimum elevation of 1,710, SPU would not use some water stored at Chester Morse
Lake. Additional modeling suggests that if the South Fork Tolt Reservoir could be drawn down
to elevation 1,690, as is currently allowed, and if system improvements were made to deliver
more water from the Cedar system to the Tolt service area, then inflows would need to be
reduced by approximately 33 percent before demands could not be met.

2.5

Summary of Results

System modeling suggests that SPU’s existing supplies would be capable of meeting 2015 and
2035 forecast demand levels under hot, dry summer conditions if the historical hydrologic
drought of 1987 were repeated. Additional modeling indicates that if inflows to the system were
25 percent below 1987 levels, then demands would not be met, even with use of SPU’s wells,
switching to critical-year instream flows and with reduced demands from customer curtailments.
Through modeling of these conditions, SPU found that system performance could be improved
by allowing additional draw down of the South Fork Tolt Reservoir and increasing delivery of
water from the Cedar system to the Tolt minimum service area. Table 3 summarizes the
mitigation measures implemented under each scenario and the conclusions from this
assessment.

Drought Resiliency Assessment

8

Table 3

SPU Summary of Analysis and Conclusions
Mitigation Measures
Included in Analysis3

Scenario 1

Scenario 2

Historical Drought1

Extreme Drought2

2015

2035

2035

Reservoir Operations (e.g., early refill, lower
draw down)

Yes

Yes

Available but not used4

Emergency Sources (e.g., Morse Lake below
elevation 1,532 feet)

No

Yes

Available but not used5

Curtailment (voluntary)

No

Yes

Yes

Instream Flow Reductions to Critical-year Levels

No

No

Yes

Conclusion

Can meet demand for people
and fish

1.
2.
3.
4.
5.
6.

If inflow is reduced by 25%, then cannot
meet demand6

Yes = the technique was applied in the drought modeling analysis
No = the technique was not applied in the analysis
Supply conditions are those of the worst drought on record, which was 1987. Due to existing flood pocket management
practices, supply conditions are assumed to be similar if the 1987 drought were repeated for a second year.
Supply conditions are not predetermined, but rather are backed into by analyzing how much the supply conditions from
Scenario 1 (1987 drought) would have to be reduced to not be able to meet demand. This was found to be a 25 percent
reduction in inflows for SPU’s system given other operational assumptions.
The mitigation measures shown in this table represent the tools activated and used in this modeling scenario. Different
combinations of these tools could be implemented depending on drought conditions, available resources, and other factors.
This measure is included as an option in the model, but is not triggered under Scenario 2 conditions because the South
Fork Tolt Reservoir does not refill. Therefore, this measure could not be triggered in the model simulation. See
Attachment C.
This measure is included as an option in the model, but is not triggered under Scenario 2 conditions because the Chester
Morse Lake does not refill to the lowest pumping level (water surface elevation 1,515 feet). Therefore, this measure could
not be triggered in the model simulation. See Attachment C.
If infrastructure improvements were made to would allow more Cedar water to be used farther north, and South Fork Tolt
were allowed drop below elevation 1,710 feet, then demands would be met if inflows were reduced by as much as
33 percent.

3.0 Tacoma Water Assessment
3.1

Overview of System

Tacoma Water provides retail water service to residences, businesses, and industries in the
cities of Tacoma, University Place, and Ruston; in portions of the cities of Puyallup, Orting,
Bonney Lake, Fircrest, Lakewood, and Federal Way; and, in portions of Pierce County and
southern King County. Tacoma Water also provides wholesale water supplies to 14
independent water systems operating in Pierce and King Counties, including an interruptible
supply agreement with CWA through 2042. Tacoma Water is also the operator in a water supply
partnership with the Lakehaven Utility District, the City of Kent, and the Covington Water
District. In total, Tacoma Water provides retail water service to approximately 98,608
connections, or an estimated population of 319,500. Additionally, Tacoma Water serves a
population of approximately 46,400 through wholesale agreements with a potential service
capacity of 274,000 persons through 18 connections. Tacoma Water relies on four basic
sources of supply. These include the first diversion water right from the Green River, the second
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diversion water right from the Green River (including storage of this water right for summer and
fall use), the North Fork well system, and the system of 25 groundwater wells located in and
near the City. In recent years and during a typical year, approximately 95 percent of Tacoma
Water’s water supply is from the Green River and 5 percent is from the groundwater sources.
The wells are available to provide additional water when needed for peak consumption times in
the summer. Figure 5, at the end of this technical memorandum, shows the major components
of the Tacoma Water Supply System and the areas currently served by Tacoma Water, its
partners, and its wholesale customers.

3.2

Approach

Tacoma Water has created a daily time-step model of water supply availability with the
capability to run various river exceedance flows and the ability to simulate select individual
years. Tacoma Water developed the model to understand and calculate river flow conditions
and groundwater needs while allowing for system constraints and demand and supply
uncertainties.
Tacoma Water’s system is designed to deliver adequate quantities of water to its customers at a
reliability of 98 percent or greater (49 in 50 years). Tacoma Water’s system was extremely
strained during the worst hydrologic drought year on record that occurred in 1987. Due to 1987
drought conditions, Tacoma Water required customers to curtail water use. Based on 53 years
of record, the last 5 months of 1987 were the one of the driest on record. Therefore, the
modeling effort focused on 1987 to assess system performance. However, management
conditions for the Green River have changed since records started to be kept; for instance,
Howard Hanson Dam was constructed in 1961 and municipal storage started in 2006, so
modeling of the historical record has been adjusted to coincide with the management changes.
The following additional assumptions and changes were added to the model:
•
•
•

•
•

•
•
•

Switching to critical flows allowed, if needed.
Minimum base flows at the Palmer gage are assumed to come from the U.S. Army
Corps of Engineers’ (Corps) conservation pool.
Minimum base flows at Auburn are assumed to be provided from Tacoma Water’s
storage and Section 11354 water. A switch is installed in the model that allows the user
to select the minimum base flows desired at Auburn.
The quantity of water stored is assumed to be limited by the same percentage as the
hydrologic condition being modeled.
Additional augmentation of flows above minimum base flows is often desired, if
available. Some augmentation occurs from the Corps’ conservation pool. Additionally,
augmentation in the model takes available augmentation water.
A portion of the wells are assumed inoperable due to mechanical and electrical issues.
Therefore, 85 percent of the wells are assumed operable.
Tacoma Water’s well water is prioritized first (to leave maximum water in the Green
River system).
Run-of-river is prioritized next (when available).

4

Section 1135 water is an optional annual 5,000 acre-feet of additional summer pool storage in Howard
Hanson Reservoir that can be used to augment Green River flows.
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•

•

3.3

Water from storage is used next (note that the user can elect to not deliver this water to
the pipelines). This water, or a portion thereof, may be used to supplement Green River
flows to maintain the Auburn gage above its minimum.
Forecast demand level assumptions are described in Section 3.3.

Demand Analysis

Tacoma Water has generated a daily 60-year “most-likely forecast” (MLF) with probabilistic
weather variations to understand system constraints, demand and supply uncertainties, and
inform water supply agreement development. The regression examines daily actual distribution
to system demand from 2000 through 2014. To develop weather-related probabilistic outcomes,
51 years of historical daily weather information was used. Other important indicators in
measuring demand include expected growth in occupied houses, the effect of the Great
Recession, the number of large-volume customers, and conservation (indoor and outdoor).
For this effort, Tacoma Water identified 2003 as a modern-day representative year with high
demands due to hot, dry weather conditions. Tacoma Water then used daily 2003 weather data
to forecast demands for 2015 and 2035. Figure 2 shows the forecast results for 2015 and 2035
demand, assuming hot, dry summer weather conditions like those experienced in 2003.

Figure 2

Monthly Distribution of Tacoma Water’s Demand in Hot, Dry Summer

Demands in 2035 are expected to be lower than 2015 demands. The decline in demand over
this period of time is due largely to the effects of passive conservation.
Compared to normal year demands, the 2003 hot, dry weather demands resulted in an
increased peak season demand (June through September) of approximately 5 percent, and an
increased annual average demand of approximately 2 percent (see Table 4).
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Table 4

Tacoma Water Peak Season (June to September) and Base Season (January-May,
October-December) Demand

Scenario

2015 Peak Season

2015 Base

2035 Peak Season

2035 Base

Normal weather

61.5 MGD

42.0 MGD

57.5 MGD

39 MGD

Hot summer

65.0 MGD

42.0 MGD

61.0 MGD

39 MGD

3.4

Tacoma Water Drought Analysis

3.4.1 Historic Drought Scenario (Scenario 1)
Tacoma Water analyzed how the water supply system would perform under historic 1986
to 1988 hydrologic conditions using the assumptions noted in the previous sections. Outputs
from the analyses are provided in Attachment C. The results indicated that there is sufficient
supply to meet forecast water demands in 2015 and 2035 under hot, dry summer conditions, as
well as normal instream flows. The modeling indicated that the system would yield an excess of
7,200 acre-feet of water that could be used to augment river flows as desired. The wells were
used heavily in this case but were still within installed pumping capacity and annual recharge
limits. Switching to other lower minimum instream flow limits and/or voluntary reductions in
customer water use would provide more water for use later in the year.
Comparison with the 2015 Drought
Tacoma Water analyzed the 2015 drought using the same assumptions and modeling
techniques as the 1987 drought. Although the drought experiences were different, the results
were similar. Tacoma Water found that existing supplies would be able to meet 2015 and 2035
forecasted demand levels if the hydrologic drought of 2015 were repeated. The 2015 drought
could have been worse. For example, if the 2015 hot, dry conditions had persisted into the fall
(as they did in 1987), Tacoma Water may have been challenged to meet demands using
existing shortage response measures and voluntary curtailments.
Extended Historical Drought
To explore potential multiyear effects of a prolonged drought, Tacoma Water considered water
supply impacts of the worst drought year on record (1987) by evaluating a continuous time
series from 1986 to 1988, and observing the reservoir level impacts that occurred. The findings
were that the potential carryover effect from year to year was inconsequential and did not
impact storage the following years.

3.4.2 Extreme Drought Scenario (Scenario 2)
Given these results, Tacoma Water then explored what hydrologic conditions would be required
such that customer water demands in 2035 or minimum instream flow limits would not be met.
Tacoma Water found that if all inflows to its water supplies from 1986 through 1988 were
reduced by approximately 26 percent then conditions would have mandated that Tacoma Water
reduce the minimum instream flow limit to its lowest value, 225 cubic feet per second (cfs).
However, to reduce the minimum instream flow limit, Tacoma Water customers would have to
be in curtailment, consistent with Tacoma Water’s Water Shortage Response Plan.
Tacoma Water also analyzed the 2015 drought using the same assumptions and modeling
techniques as the extreme drought scenario. Additional modeling indicated that if reservoir
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inflows were approximately 27 percent below 2015 levels, then Tacoma Water would be unable
to meet 2035 demands.

3.5

Summary of Results

System modeling suggests that Tacoma Water’s existing supplies would be able to meet 2015
and 2035 forecast demand levels under hot, dry summer conditions if the historical hydrologic
drought of 1987 were repeated. Additional modeling indicated that if inflows to the system were
26 percent below 1987 levels, then demands would not be met, even with use of Tacoma
Water’s wells, switching to lowest allowable minimum instream flows, and reducing demands
through customer curtailments. Table 5 summarizes the mitigation measures implemented
under each scenario and the conclusions from this assessment.
Table 5

Tacoma Water Summary of Analysis and Conclusions

Mitigation Measures Included in Analysis3

Scenario 1

Scenario 2

Historical Drought1

Extreme Drought2

2015

2035

2035

Reservoir Operations (e.g., early refill, lower draw
down)

No

No

No

Emergency Sources (e.g., wells)

Yes

Yes

Yes

Curtailment (voluntary)

No

No

Yes

Instream Flow Reductions to Critical-year Levels

No

No

Yes

Conclusion

Can meet demand for
people and fish

1.
2.

3.

If inflow is reduced by 26%, then cannot
meet demand

Yes = the technique was applied in the drought modeling analysis
No = the technique was not applied in the analysis
Supply conditions are those of the worst drought on record, which was 1987. Due to existing flood pocket management
practices, supply conditions are assumed to be similar if the 1987 drought were repeated for a second year.
Supply conditions are not predetermined, but rather are backed into by analyzing how much the supply conditions from
Scenario 1 (1987 drought) would have to be reduced to not be able to meet demand. This was found to be a 26% reduction
in inflows for Tacoma Water’s system given other operational assumptions.
The mitigation measures shown in this table represent the tools identified specifically for this modeling effort. Different
combinations of these tools could be implemented depending on drought conditions, available resources, and other factors.

4.0 Everett Assessment
4.1

Overview of System

Everett sells fully treated water on a wholesale basis to over 100 water systems in Snohomish
County, in addition to serving customers directly in its retail water service area. The population
receiving Everett water through this regional network is approaching 600,000, which is roughly
80 percent of the Snohomish County residential population. About 105,000 people are in
Everett's retail service area. The purchasing water systems range in size from small systems
with only a few customers to the largest water district serving more customers than Everett
itself.
Everett's water supply comes from the Sultan River Basin, starting in the 50-billion gallon Spada
Reservoir, which captures runoff from rainfall and snowmelt in the headwaters 24 miles east of
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the city. Snohomish County Public Utility District (PUD) operates Spada Reservoir under costsharing agreements with Everett for power generation, water supply, fish and wildlife habitat,
recreation, and flood control. Downstream from Spada Reservoir, Everett owns and operates
the 5-billion gallon Chaplain Reservoir and associated filtration plant about 16 miles east of the
city.
Figure 6, at the end of this memorandum, illustrates the reservoir locations and major purveyors
receiving water from the Sultan Basin supply. Note that some of these utilities have additional
water sources. Only the portion of population receiving Everett water is counted above.
Some detail regarding Spada Reservoir operation is helpful to understand for the drought
analyses. Under normal operation, PUD releases enough water from the base of the dam to
satisfy streamflow requirements in the upper reach of the Sultan River. The balance of the
released water travels through a tunnel and pipeline to PUD’s powerhouse. After passing
through turbine generators, most of this water is released directly to the lower stretch of the
Sultan River. A portion of flow through the powerhouse is delivered through a return pipeline to
Everett’s Chaplain Reservoir, where part of that flow enters Lake Chaplain to support Everett's
filtration plant and the rest is returned to the middle reach of the Sultan River by reverse-flow
through Everett's diversion tunnel (which was originally built to fill Lake Chaplain directly from
the river).
During periods of drought, Everett’s water supply and the Sultan River flow have priority over
power generation. Water can still pass through the powerhouse on its way to meet these needs,
but excess power production is limited to preserve water stored in Spada Reservoir. If the water
level drops to the point that it can no longer be delivered through the power tunnel, then
generation completely stops and all flow is released directly from the base of Spada Reservoir.
Under this condition, Everett's diversion dam and tunnel operate in the forward direction to fill
Chaplain Reservoir from the river. In the unlikely event that Spada Reservoir is drained
completely in this manner, the Sultan River would flow at its natural rate (which would be low in
such extreme theoretical drought) and remaining supply would consist of the water left in
Chaplain Reservoir.

4.2

Approach

PUD uses two models to aid in operational decision making, with a goal to recommend water
release rates through the powerhouse that maintain compliance with its license and agreements
while maximizing the avoided cost of purchased electricity, which PUD otherwise obtains on the
open market. One of the models is a “simulation model” that can be used with inflow forecasts
or with historic inflow data to determine target water levels in Spada Reservoir while following
standard operating practices. The second model is an “optimization model” that is used with
energy price forecasts plus the inflow forecasts and operational constraints to suggest
refinements to the timing and quantity of water releases for maximum cost savings. PUD takes
the model outputs into consideration along with stakeholder input, operator experience,
interpretation of forecasts, knowledge of license and agreement requirements, and other
information to make operational judgments that balance all needs.
Historical records of inflows to the Spada River Basin are available for use with the models back
to the 1940s to determine how reservoir water levels would look with current operating practices
if past weather patterns repeated. Formulas and conditional statements in the simulation model
include:
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•

•
•
•
•

Minimum and maximum streamflow requirements, which vary for three reaches of the
Sultan River both seasonally and depending on stored water available in Spada
Reservoir
Water demands to meet Everett’s regional water supply needs
Everett’s specified operating band for Chaplain Reservoir
Formulas for flows through the tunnels and pipelines
Rule curves governing water levels in Spada, such as:
o
o
o

•

Hydraulic limitations and flow rate restrictions, such as:
o
o

•
•

producing maximum power when water is above the level reserved for flood control
reducing power production when water is below the level at which water
conservation may be necessary, and
completely stopping power production when the water level drops to a point at which
there would be risk of vortexes in the power tunnel

acceptable flow ranges to protect tunnel and pipeline facilities and
rules for ramping releases to the river when making adjustments, to avoid sudden
changes that affect salmon fry survival

Energy demands
Reservoir level and volume relationships

PUD's operating license allows specific instream flow reductions when the water level in Spada
Reservoir drops below elevation 1,420, as long as Everett invokes at least the advisory stage of
its drought response plan. These instream flow reductions are programmed into the simulation
model, assuming Everett will implement its response plan by the time the stored water drops to
1,420 feet. When Everett enters the voluntary stage of its drought response, further
modifications to the water release schedule can be negotiated with a stakeholders committee as
long as intents of the license are protected.
This timing of drought response in the model is somewhat different than the trigger points in
Everett’s Drought Response Plan described in Attachment B. The requirement for Everett to be
in the advisory stage of drought response before minimum instream flows can be reduced was
created in the 2011 relicensing of Spada Reservoir. In future droughts, it is thought that Everett
will activate its drought response by this time if there is a need to reduce water releases to
preserve the stored water. Also, it is easier to program the model based on set water levels than
on the Drought Response Plan trigger points, which consider several factors and involve
judgment calls.
The only modifications to adapt the simulation model for this drought resiliency study were as
follows:
•
•
•

•

Timeframes were adjusted to run the model for the selected durations.
Inflows were based on the years selected for the study, and then adjusted downward to
create the more extreme scenario.
Everett demands, which are usually based on a recent year of filtration plant data, were
replaced with the projected 2015 and 2035 demands modified for hot/dry summer
conditions described in the next section.
For Scenario 2, Everett demands were further adjusted for savings resulting from
Drought Response Plan implementation, with these assumptions
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o
o
o

4.3

Everett announces the advisory stage of drought response as soon as the water
level in Spada drops below elevation 1,420 feet.
Everett enters the voluntary stage of drought response 2 weeks after the level drops
below elevation 1,420 feet.
Everett announces the end of drought response when the water level returns above
elevation 1,420 feet.

Demand Analysis

Everett completed a Comprehensive Water Plan Addendum in 2014 with a 20-year target
of 2035, which conveniently corresponds to the timeframe of this drought resiliency study. To
develop its regional water demand estimates, Everett combined average annual demands
projected by each major wholesale customer with its own projections for retail and smaller
wholesale customers plus a reasonable amount of leakage from transmission and distribution
pipes.
This drought analysis assumes that all savings from Everett’s regional conservation program
are achieved by 2035, which is reasonable because Everett exceeded its conservation goals in
past years. The demand for part of Bothell south of the Snohomish-King County border, which
currently receives Seattle water, was removed because it is included in SPU’s demand. Everett
had included this area for planning purposes in case Bothell seeks to supply its entire system
with Everett water in the future.
To adjust for years with hot, dry summers, annual filter plant production was plotted from 1989
through 2014 along with a linear best fit. Peak demand years (1998, 2000, 2003, 2006, and
2009) were found to be 6 to 10 percent higher than the best fit line.
To calculate 2015 annual demand with a hot-dry summer, 2014 filter plant production was
increased by 0.5 percent for growth, and then by 10 percent for the effects of a hot, dry summer,
resulting in a 55 MGD annual average demand estimate for 2015 compared to 49.6 MGD
produced in 2014.
For the 2035 drought demand estimate, Everett's regional demand was increased by 6 percent
to represent a hot, dry summer in that year. This lower end of the deviation from the best fit was
used because Everett’s 20-year projections are thought to be on the high side. The result is an
estimated average annual demand of 77.2 MGD in a 2035 drought year.
Table 6 compares the estimated Everett regional water demands during normal years to
potential demands in a hot, dry year if no measures are taken to control water use. The table
also shows that water demands are predicted to grow by 40 to 46 percent from 2015 to 2035. In
comparison, the Snohomish County population is expected to grow by 26 percent, considering
the Washington Office of Financial Management estimated county population of 757,600 as of
April 1, 2015, and the Snohomish County Comprehensive Plan population target of 955,257
by 2035. Therefore, the Everett 2035 demand projection for this drought analysis is likely
conservative because the actual increase in water demand could be similar to the population
growth, or even lower considering the trend in declining per capita water demands.
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Table 6

Everett Average Annual Water Demand in Different Weather Scenarios
2015

2035

2015–2035
Water Demand Growth

Average Weather

50 MGD1

72.8 MGD2

45.6%

Hot Summer

55 MGD

77.2 MGD

40.4%

Scenario

Based on annual filter plant production applying the 0.5% per year increase observed from 2010 to 2014.
From Everett’s Comprehensive Water Plan, including conservation program savings but excluding King County side of Bothell.
(Value including all of Bothell would be 74.9 MGD.)
1
2

Everett’s water demands from 2003, 2006, and 2009 are all good examples of years with
summers that were hotter and dryer than normal. Demand patterns from all three of those years
were considered when developing the monthly distribution shown in Figure 3 for 2015 and 2035
demands under drought conditions with no water use restrictions in effect.

Figure 3

Monthly Distribution of Everett Water Demand in Hot, Dry Summer

The resulting peak season demands (June through September) are about 17 and 14 percent
higher than expected demands during these months with average weather for 2015 and 2035,
respectively. This is somewhat higher than the 13 and 5 percent increases applied to SPU’s and
Tacoma Water’s peak season demands. Also, the 6 to 10 percent increases applied to Everett’s
average annual demands are higher than the 5 and 2 percent increases in annual average
demands resulting from SPU’s and Tacoma Water’s methods. Therefore, this method for
applying increases to Everett’s demand projections for years with hot, dry summers might also
be conservative, or could reflect an impact of more rural-sized lots with greater peak season
irrigation.
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Assumptions made in Scenario 2 to reduce the Everett demands for water use restrictions when
the water level in Spada drops below elevation 1,420 are as follows:
•
•

•

4.4

Reduce demand by 1 percent when Everett is in the Advisory Stage of drought response
Reduce demand by 10 percent in May to September and by 5 percent in October to April
when Everett is in the Voluntary Stage of drought response (matching SPU’s Water
Shortage Contingency Plan)
Do not apply the Mandatory Stage of Everett’s drought response, but if that stage was
needed, the demand reductions would also be similar to SPU’s

Drought Analysis

Details of the Everett drought analysis are presented in Attachment C.

4.4.1 Historic Drought Scenario (Scenario 1)
The Everett evaluation of Scenario 1 using PUD’s simulation model consisted of the following:
1. Compared simulations using 1941 and 1987 hydrologic data. 1941 is the PUD’s worstcase scenario for power production and 1987 is the Team’s determination of the worst
year on record for municipal water supply. The results support that 1987 is the better
year to examine for this drought study. Both 2015 and 2035 Everett water demands
were used in these model runs.
2. Ran the model with hydrologic data from 1986 through 1988 with the 2035 Everett water
demands repeating in each year. These results are compared to the Scenario 2 results.
Comparison with the 2015 Drought
Everett analyzed the 2015 drought using the same assumptions and modeling techniques as
the 1987 drought. Everett found that up until August, the 2015 drought was worse than Scenario
1 (1987 drought). However, moving into the fall, the 1987 drought became worse than the 2015
drought. Ultimately, the minimum 1987 modeled reservoir levels (with 2035 demands) were
approximately 30 feet lower than the actual 2015 reservoir water levels.
Extended Historical Drought
Everett tested an extended historical drought by running the model with 1987 hydrologic data for
2 years with repeating 2015 and 2035 Everett demands. Results indicate that water levels in
Spada Reservoir would recover over the winter, so that the second summer performance is
identical to the first when the extended dry period repeats.

4.4.2 Extreme Drought Scenario (Scenario 2)
With Everett’s 55 billion gallons (168,800 acre-feet) of supply storage serving less than half the
population served by SPU and roughly the same population as Tacoma Water, it takes a more
extreme drought scenario for Everett to reach a point at which it could no longer meet
environmental and municipal water needs. The stored water could last about 8 months while
satisfying the 2035 Everett average annual water demands and Sultan River minimum instream
flow requirements (9 months with 2015 average annual water demands) if both Spada and
Chaplain Reservoirs start out full and all inflows to the Sultan Basin were to stop. This is less
storage than used by California utilities in arid climates, but more storage (relative to population
served) than is available to other Puget Sound regional water suppliers.
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Rather than determine what it would take to cause the Everett supply to be fully depleted, it was
more valuable to determine how the supply facilities would perform relative to neighboring
supplies under similar weather conditions because a drought would be experienced relatively
equally by all. Therefore, Scenario 2 uses 1986 through 1988 basin inflows reduced by
25 percent with the 2035 Everett demands to match the conditions examined by SPU and
Tacoma Water.
Scenario 2 resulted in the water level in Spada Reservoir dropping to elevation 1,366 on
November 12 of the 1987 hydrologic year, corresponding to 12.8 billion gallons (39,200 acrefeet) of remaining stored water. Chaplain Reservoir would still be full, holding an additional
4.9 billion gallons (15,000 acre-feet). The combined remaining stored water could last another
3 months going into the winter season of 2035 demands if all inflows to the Sultan Basin
stopped at this point and no additional drought response actions were taken. Most likely, there
would be at least some rain by this time and drought response actions could be continued to
help further extend the supply.
Everett also analyzed the 2015 drought using the same assumptions and modeling techniques
as the extreme drought scenario. Everett found that if the fall rains had not returned, the 2015
drought could have trended similar to the modeled Scenario 2 (extreme drought with 2035
demands).

4.5

Summary of Results

Table 7 summarizes the mitigation measures implemented in the model runs for each scenario.
The conclusions show that, with the 2035 Everett regional water demands, there would be
63,600 acre-feet of remaining stored water when the water reaches the lowest level in
Scenario 1 and 54,200 acre-feet of remaining stored water at the lowest level in Scenario 2.
Although this remaining stored water is encouraging, the model assumptions result in Everett
implementing the Voluntary Stage of its Drought Response Plan in all cases. By that time, the
drought conditions would be clear, and it would not be possible to predict with certainty how the
rest of the year would finish. In reality, the Drought Response Plan allows for professional
judgment when making the call to implement the Voluntary Stage. It is expected that Everett
would at least enter the Advisory Stage to allow the Sultan River minimum instream flows to be
reduced as prescribed by the license.
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Table 7

Everett Summary of Analysis and Conclusions
Scenario 1

Mitigation Measures Included in

Analysis3

Historical

Scenario 2

Drought1

2015

Extreme Drought2

2035

2035

Reservoir Operations (e.g., early refill, lower draw
down)

No

No

No

Emergency Sources (e.g., wells)

No

No

No

Yes

Yes

Yes

Yes

Yes

Yes

Curtailment

(voluntary)4

Instream Flow Reductions to Critical-year

Levels4

Conclusion

1.
2.
3.
4.

Can meet demand for people
and fish (with 20.7 billion
gallons [63,600 acre-feet] of
water remaining in storage at
the end of the dry season).

Can meet demand for people and fish
if inflow is reduced by additional 25%
(with 17.7 billion gallons [54,200 acrefeet] of water remaining in storage at
the end of the dry season).

Yes = the technique was applied in the drought modeling analysis
No = the technique was not applied in the analysis
Supply conditions are those of the worst drought on record, which was 1987. Supply conditions are assumed to be similar if
the 1987 drought were repeated for a second year.
Everett chose to match the supply under which SPU would not meet its demand, to compare operations with its closest
neighbor under identical weather conditions.
The mitigation measures shown in this table represent the tools identified specifically for this modeling effort. Different
combinations of these tools could be implemented depending on drought conditions, available resources, and other factors.
Implementation of Everett’s Drought Response Plan and the associated allowed instream flow reductions are assumed to
be standard operating procedure when the water level in Spada Reservoir drops below elevation 1,420 feet, which occurred
in all indicated scenarios.

5.0 Groundwater Assessment
5.1

Overview

The Drought Team tasked Robinson Noble (RN) with providing a broad assessment of drought
effects on groundwater supplies in King, Pierce, and Snohomish Counties. This planning-level
review characterized the susceptibility of different types of aquifers to drought, described how
various drought conditions would affect groundwater resources in the short- and long-term,
discussed how groundwater could be used in improving the resiliency of public water systems,
and provided recommendations for further study. RN provided a technical memorandum
(Attachment D). This section summarizes the findings.

5.2

Summary of Results

Prior work by the Water Supply Forum indicates over 900 wells are owned by public water
systems in the three counties. These include production wells along with seasonal, backup, or
inactive wells. RN drew from a 2010 U.S. Geologic Survey report to quantify existing
groundwater uses. About 190 MGD were withdrawn in 2010 for all uses in King, Pierce, and
Snohomish Counties, including nonmunicipal and irrigation uses (by county, the quantities were
80, 75, and 34 MGD, respectively).
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Groundwater sources are generally more resilient to drought than surface water sources. Many
groundwater sources appear to be relatively unaffected by short-term events. Nonetheless,
there are drought conditions that can stress aquifers in the Puget Sound Lowlands. Three of
these are described in Attachment D.
An extended, multiyear drought with low precipitation (not just low snowpack) would have the
largest potential impact on groundwater resources. This would be especially problematic if the
extended drought included hot, dry summers that increase demand and prompt larger
withdrawals from aquifers. Hot, dry summers are less problematic if they are accompanied by
normal rainfall in the ensuing fall and winter months. In this type of event, high demands may
temporarily stress aquifers, but winter rains typically recharge the aquifers so there is less of a
cumulative impact.
Finally, droughts consisting of low snowpack have the least impact on the region’s aquifers
because snowpack occurs at higher elevations that are outside the primary recharge areas.
However, in a year with low snowpack, surface streams commonly experience low flows, and
this can indirectly limit water users’ ability to pump from their wells. In addition, years with low
snowpack can drive water users to pump aquifers more heavily where stream flow does not limit
groundwater use, and this can put stress on aquifers, at least temporarily.
To simplify the discussion of regional groundwater systems, RN identified three main
physiographic regimes in the Puget Sound Lowlands: (1) major river valleys; (2) glaciated
uplands; and (3) foothills/mountains. Aquifers in these different types of landforms vary
somewhat in their response to drought, although broad patterns are similar and aquifers can be
connected from one regime to another. The foothills/mountain aquifers are typically the most
vulnerable, because they tend to be shallow or thin and store limited quantities of groundwater.
However, these areas tend to have smaller population centers compared with the other two
landforms. In the glaciated uplands, drought effects will be highly variable based on location and
the particulars of the setting. By contrast most of the major river valleys in the Puget Sound
Lowlands have deep, unconsolidated sediments that can support aquifers with significant
storage. Deep aquifers in the major river valleys, especially those at low elevations (where the
valleys are often widest and deepest), will be the least vulnerable to drought.

5.3

Improving Groundwater Resiliency

The RN report discusses methods of improving conditions for vulnerable aquifers, which
generally involve methods of retaining water during wet periods and promoting infiltration or
direct injection. The report also discusses developing new groundwater sources to bolster
resiliency of surface water systems. New development of groundwater wells typically requires
mitigation of streamflow impacts, and this can be very challenging. Development of aquifer
storage and recovery systems or other enhanced recharge techniques can also offer potential
means of improving resiliency to droughts.
RN provided several recommendations for studies that would improve the understanding of
groundwater systems in the Puget Sound Lowlands. See Attachment D for more information.
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6.0 Drought Mitigation Measures
In the event of drought, water utilities have a number of tools to manage both supply and
demand. As described below, some of these are already developed and in use, while others
could enhance drought resiliency if implemented before or during a drought event.
New supplies can be developed to provide drought backup, and ideally should be retained as
dedicated backup supplies. If over time a new supply is gradually converted to primary supply to
serve growth in demand, it will gradually lose effectiveness as a drought backup. In this way, the
availability of supplies as drought backup may change over time. At any given time, in the
evolution of its supply portfolio, a utility must recognize clearly which supplies are primary and
which supplies can provide drought mitigation. A durable drought mitigation measure would be
one that can be readily and reliably activated to provide capacity (by supply enhancement or
demand reduction) during drought events. Under this definition, an adopted strategy that always
maintains a surplus of supply relative to demand might be considered a drought mitigation
measure to that degree. Additionally, the drought mitigation measure would need to be
maintained in good working order and exercised periodically to ensure that it would be available
during a drought event.

6.1

Existing Mitigation Measures

Water utilities have a number of tools for use during droughts to reduce the impact of water
shortages on residents and businesses, as well as the environment. These tools may be used in
anticipation of water shortages and may be implemented early in a drought to avoid more
drastic measures later in the same drought event. This section describes the types of measures
that currently exist and provides examples in the Central Puget Sound area.
The following are existing tools that water suppliers in the Central Puget Sound region use to
manage both supply and demand.
•
•

Water Shortage Contingency Plans: Reduce demands through voluntary or mandatory
curtailments.
Reservoir Operations:
o
o

•
•

Early Refill: Capture early runoff (before typical refill occurs) to help fill reservoirs
prior to drawdown season.
Lower Drawdown: Some systems can be characterized as having three layers of
supply in their reservoirs. The first layer is supply for typical years, which draws down
the reservoir to normal minimum operating levels when fully utilized. The second
layer is supply for more challenging years, which draws down the reservoir to even
lower operating levels. The third layer is for the most challenging years/
circumstances and is considered emergency supply, which draws down the reservoir
to its absolute minimum operating level when fully utilized. This mitigation measure is
defined as accessing the second supply layer.

Instream Flow Reductions: Decrease reservoir releases to agreed-upon critical or
drought flow levels to support instream needs for fish.
Emergency Supplies:
o
o

Wells: Activate back-up wells to replace water typically supplied from surface water
sources.
Reservoir Storage: Access the third (emergency) supply layer in reservoirs, as
described above under Reservoir Operations.
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o

Interties: Systems with surplus supply can send water to those with inadequate
supply.

The following subsections describe some of these measures in greater detail.

6.1.1 Water Shortage Contingency Plans
WSCPs are an existing mitigation measure that can be used to reduce demands. They establish
actions and procedures for managing both water supply and demand during water shortages.
Most WSCPs have multiple stages that are implemented progressively depending on the
magnitude of the water shortage or as conditions become more serious. Typically, each stage
contains a variety of strategies for managing supply, internal utility operations, customer actions,
and communications. The WSCP strategies are demonstrated in the drought scenario
assessments (described in Sections 2.0 through 4.0). For example, in modeling the Scenario 1
conditions, SPU implemented changes to reservoir operations. As drought conditions became
more extreme under modeled Scenario 2, the utility also implemented voluntary customer
curtailments, and Tacoma Water implemented an instream flow reduction to critical levels.
WSCPs often have official and unofficial demand reduction goals associated with each stage.
For example, the unofficial demand reduction goals for SPU are shown in Table 8. The Tacoma
Water and Everett WSCPs do not specify official or unofficial demand reduction goals for each
stage. For all three utilities, the official demand reduction goals would be determined once the
WSCP is enacted. In general, voluntary measures are fairly comparable across utilities.
Therefore the range of potential savings from demand reductions shown in Table 8 can
generally be assumed to be comparable for each utility.
Table 8

SPU Unofficial Demand Reduction Goals
Demand Management Scenario

Pre and Stage 1 Advisory

% Demand Reduction
<1%

Stage 2 Voluntary Curtailment

5–10%

Stage 3 Mandatory Curtailment

10–20%

Stage 4 Emergency Curtailment

>20%

WSCPs typically include demand reduction actions on both the utility and customer side for
each stage of the plan. In some cases, the demand reduction actions are prescribed in the
WSCP. In other cases, the WSCP includes lists of potential actions, but the official actions are
determined once the WSCP is activated. Typical demand reduction actions are listed below.
Utility Side
• Minimize/prohibit nonessential water uses such as flushing, reservoir cleaning, and fleet
washing.
Customer Side
• Minimize/prohibit nonessential water uses such as irrigation, decorative fountains, car
washing, sidewalk washing, pressure washing, pools, and fire department training.
• Contact large users, especially large industrial users, and explore opportunities for them
to reduce water use.
• Implement rate surcharges and/or fines to encourage reduced water use.
• Restrict/rescind hydrant permits.
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A summary of the WSCPs for the primary water suppliers in the Central Puget Sound is
provided in Attachment B.

6.1.2 Reservoir Operations
Water resource managers have some flexibility in water supply reservoir operations that result
in better system performance during droughts. This flexibility is not fully captured in the modeled
scenarios evaluated for this resiliency assessment. One example of an operating change is to
refill reservoirs earlier in anticipation of reduced runoff in low snowpack years, such as what was
implemented in 2015 for each of the region’s surface water supplies. Some reservoirs, such as
Chester Morse Lake, may also store water to higher elevations. In some reservoirs, available
storage capacity is held purposefully to provide space to store water in the event of a high runoff
event, to prevent or control downstream flooding, and to avoid overtopping resulting in a loss of
power generation. Therefore, these changes to refill operations must take into account
downstream flood risks, as well as dam safety. Regulatory approval may be required to change
refill operations.
There is also some flexibility in reservoir drawdown. For example, SPU’s South Fork Tolt
Reservoir has a normal minimum operating level of elevation 1,710 feet but can be drawn down
to as low as 1,660 feet, accessing as much as 14,000 acre-feet of additional storage. However,
there are risks of creating high turbidity when the reservoir begins to fill up again. Turbidity
makes water treatment more challenging and can pose challenges for meeting regulatory and
non-regulatory targets for drinking water quality.

6.1.3 Instream Flow Reductions
Everett, SPU, and Tacoma Water’s surface water systems all have operating agreements that
specify minimum flows that need to be met below reservoirs. Each of the operating agreements
allow the utilities to reduce instream flows during drought years through following the terms for
flow reductions specified in the agreements. These lower flow targets can help stretch supplies
during water shortages while still providing sufficient water for aquatic habitat. Because fish
needs are different for each river system and water supply systems have unique capabilities,
the flow regimes and conditions for lowering flows vary by system. However, each agreement
specifies a process that the utility must follow to switch to critical flows. A common condition is
that water utilities need to activate their WSCPs before reducing water delivered for instream
flows.
SPU’s Cedar and South Fork Tolt systems have different instream flow requirements, but both
allow for lowering flows to critical-year flow rates under certain conditions, including
implementation of curtailment stages of SPU’s Water Shortage Contingency Plan. For the
Cedar system, instream flow requirements are specified in the Cedar River Watershed Habitat
Conservation Plan Instream Flow Agreement, signed in 2000. The agreement allows for critical
minimum flows that are 10 to 145 cfs lower than normal minimum flows (depending on time of
year) in approximately 1 year in 10 over the long term if certain conditions are met, including
implementation of curtailment stages in SPU’s WSCP. Instream flow requirements for the South
Fork Tolt system are specified in the 1988 Tolt Federal Energy Regulatory Commission
Settlement Agreement. This agreement allows for critical minimum flows in 1 year out of 10 that
are 15 to 31 cfs lower than normal minimum flows if certain conditions are met, including
implementation of curtailment stages in SPU’s WSCP.
Snohomish PUD has different instream flow requirements based on the 2009 Settlement
Agreement incorporated into the PUD’s 2011 Federal Energy Regulatory Commission license.
This allows for lowering flows under certain conditions, including implementation of curtailment
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stages of Everett’s Drought Response Plan. For example, when the reservoir water surface
elevation is above elevation 1,420, the minimum required instream flow is 300 cfs below the
powerhouse. But if the reservoir surface elevation falls below elevation 1,405, this required
minimum instream flow drops to 200 cfs if Everett is implementing at least the Advisory Stage of
its Drought Response Plan.
Tacoma’s Green River system has the capability to lower the minimum instream flow to a
“critical-year flow rate” under certain conditions, and with the concurrence of the Drought
Coordination Committee and the institution of water use restrictions consistent with Tacoma
Water’s WSCP. The normal minimum instream flow for the Green River is 250 cfs at the Auburn
gage. Depending on the severity of the drought, the Habitat Conservation Plan and other
agreements would allow the minimum to be as low as 225 cfs.

6.1.4 Emergency Supplies
A number of emergency supplies exist in the area that can be used during a drought or other
emergency. Emergency supplies are generally restricted to specific conditions and uses. The
focus here is on emergency supplies that would be available for use during droughts. It is
important that the operability of emergency/ backup water supplies be tested routinely to ensure
these supplies would be readily available during an emergency.
Wells
Groundwater is more resilient to drought conditions than surface water, and wells are an
important resource that utilities use to maintain municipal water supply. Wells are used for
backup supply in two key ways.
First, utilities have water rights for groundwater wells that can be used when surface water
supplies are not available during drought. These rights do not increase the amount of water that
can be legally withdrawn by a utility but allow utilities operational flexibility to switch to
groundwater if supplies are low while staying under legal withdrawal limits. These supplemental
resources can thus enhance supply reliability in the face of a drought, although they do not
necessarily increase available supplies. Most utilities have some backup groundwater water
rights that allow use of wells in this manner. Additionally, the state can also approve water rights
for temporary-use wells through expedited water right decisions during droughts.
A number of agencies have pursued and developed emergency wells as a form of backup
supply. Typically located within the utility service area, these sources have the benefit of
accessibility for the system and its customers during an emergency from a major disaster such
as earthquake or contamination. The water rights do not allow use of these wells for events like
droughts.
For example, Tacoma Water has several well fields that have permanent water rights and allow
the utility flexibility on operations, even in non-drought years. Tacoma has 25 wells that would
be capable of producing up to 55 MGD (if all wells are operational).
Reservoir Storage
Some water supply managers have the flexibility to access additional reservoir storage during
emergency or water shortage situations.
In some cases, reservoirs can be draw down below the normal low pool elevation to access
storage reserved for emergency situations. For example, SPU has installed floating pump
stations at Chester Morse Lake to access water stored below the gravity-flow outlet when
reservoir levels are low. These pumps can transfer up to 240 MGD from Chester Morse Lake to
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Masonry Pool for release to the Cedar River to meet instream flow requirements and diversion
needs. Pumping is needed when Chester Morse Lake drops below elevation 1,538.5 feet. Water
stored below elevation 1,532 feet is considered drought or emergency supply per an agreement
with the Muckleshoot Indian Tribe, and SPU has agreed to implement curtailment elements of
its WSCP when using this stored water. The amount of water stored between elevations 1,532
and 1,515 (lowest extent of pumping) is approximately 20,000 acre-feet.
SPU also draws on water stored at Lake Youngs when needed outside of normal operations.
When water is diverted from the Cedar River at Landsburg, it is normally discharged to Lake
Youngs. From Lake Youngs the water is treated (but not filtered) and then delivered to the
transmission system. If water at Landsburg is too turbid, the diversion is closed and the system
is supplied with water from Lake Youngs. Lake Youngs can also be used during droughts or
other emergencies. There is a total of 7,000 acre-feet between the normal summer maximum
elevation of 502.4 feet and the minimum level for the existing pump station and bottom of the
riprap (elevation 492.4 feet).
There is no limit to how far the Everett’s reservoirs can be drawn down under normal
operations. If necessary, the reservoirs could be completely emptied. However, at lower
elevations, water quality could become a factor.
Interties (Transfers/Exchanges)
In 2001, when the Governor of Washington State declared a statewide drought emergency, the
Water Supply Forum developed the 2001 Drought Response Plan (Central Puget Sound Water
Suppliers Forum 2001). The plan included an evaluation of specific opportunities for adjacent
water utilities to use existing interties or to develop new system interties to assist with a public
water supply problem. Water utilities also developed water supply and intertie agreements to
enable water transfers to water shortage areas. Appendix 5 of the 2001 Drought Response Plan
lists existing and potential interties in border areas between King County and Pierce County,
and Snohomish County and King County, ranging from 100 to 2,500 gallons per minute. Some
of the proposed interties have been constructed. The benefit of interties depends on the
availability of water to transfer given specific drought impacts on the respective watersheds and
systems. When a drought reduces supply to adjacent utilities simultaneously, water may not be
available for one utility to supply the other.

6.2

Potential Additional Drought Mitigation Actions

The evaluation of drought susceptibility generally showed that
the region is well-positioned for relatively severe droughts of
Desired Characteristics for New
the type anticipated in this assessment. However, information
Drought Mitigation Measures:
available from past planning efforts regarding potential
1. Reserved for drought or other
regional measures, along with the anticipation that other
emergencies
resiliency evaluations may identify a need for regional
2. Available during a severe drought
mitigation strategies, prompted the Drought Team to assess
(such as the 1987 event)
how various measures might enhance drought resiliency. To
3. Accessible where needed
this end, potential measures have been identified and
4. Meets water quality standards
documented in general terms in Attachment E. Potential
5. Value exceeds cost, impacts
measures identified include developing new sources of supply,
expanding storage, constructing interties between systems,
implementing operational modifications, reducing demand, and using reclaimed water. Note that
the accessibility of these potential measures during a critical drought year would need to be
evaluated.
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Criteria were developed to evaluate measures in terms of ability to mitigate drought impacts.
During a subsequent phase of the drought resiliency assessment, these criteria could be
applied to populate the inventory and to provide a preliminary assessment of relative benefit.
The general criteria are noted in the Desired Characteristics for New Drought Mitigation
Measures sidebar.

7.0 Conclusions and Recommendations
This drought resiliency assessment aimed to evaluate the adequacy of regional water supplies
during droughts, identify the extent of drought vulnerability, and evaluate proactive and
responsive measures that could mitigate drought risk above and beyond the current tools.
These objectives are captured in several guiding questions, presented in Section 7.1. The
conclusions of this assessment are summarized in answers to these questions.

7.1

Conclusions

Question: Would the major regional water suppliers have enough supply to meet 2015
and 2035 forecast demand levels under hot, dry summer conditions if the worst historical
hydrologic drought on record repeated itself?
This drought resiliency assessment showed that the region would have sufficient supply to meet
the 2015 and 2035 forecast hot, dry summer demand levels if the worst drought on record
(1987) repeated itself. To meet these demands, a variety of existing tools would need to be
used, as summarized in Table 9. To explore potential multiyear effects of a prolonged drought,
the Drought Team also considered water supply impacts of the worst drought year on record
(1987) by evaluating a continuous time series from 1986 to 1988, and observing the reservoir
level impacts that occurred. SPU, Tacoma Water, and Everett determined that the impact to
their surface water supplies was not worsened by this multiyear drought, since reservoir
carryover storage is already limited to allow for winter flood events. That is, the winter of
1986/1987 was wet enough for the reservoirs to fill up to reservoir flood storage pocket spill
levels and, following that, the reservoir storage pattern would repeat itself for the remainder of
the second year. Therefore, the Drought Team decided that this scenario did not require
additional evaluation beyond that of Scenario 1.
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Table 9

Summary of Analysis and Conclusions

Mitigation Measures Included
in Analysis5

Scenario 1

Scenario 2

Historical Drought1

Extreme Drought2,7

2015

2035

2035

SPU
Reservoir Operations (e.g., early
refill, lower draw down)

Yes

Yes

Available but not used3

Emergency Sources (e.g., Morse
Lake below elevation 1,532 feet)

No

Yes

Available but not used4

Curtailment (voluntary)

No

Yes

Yes

Instream Flow Reductions to
Critical-year Levels

No

No

Yes

Conclusion

Can meet demand for people and fish

If inflow is reduced by 25%, then cannot meet
demand6

Reservoir Operations (e.g., early
refill, lower draw down)

No

No

No

Emergency Sources (e.g., wells)

Yes

Yes

Yes

Curtailment (voluntary)

No

No

Yes

Instream Flow Reductions to
Critical-year Levels

No

No

Yes

Conclusion

Can meet demand for people and fish

If inflow is reduced by 26%, then cannot meet
demand

Reservoir Operations (e.g., early
refill, lower draw down)

No

No

No

Emergency Sources (e.g., wells)

No

No

No

Yes

Yes

Yes

Instream Flow Reductions to
Critical-year Levels8

Yes

Yes

Yes

Conclusion

Can meet demand for people and fish
(with 20.7 billion gallons [63,600 acrefeet] of water remaining in storage at
the end of the dry season).

Tacoma Water

Everett

Curtailment

(voluntary)8

Can meet demand for people and fish if inflow is
reduced by additional 25% (with 17.7 billion gallons
[54,200 acre-feet] of water remaining in storage at
the end of the dry season).

Regional Groundwater
Conclusions9

Groundwater resources are relatively unaffected by single-year drought events.

Yes = the technique was applied in the drought modeling analysis
No = the technique was not applied in the analysis
1. Supply conditions are those of the worst drought on record, which was 1987. Due to existing flood pocket management
practices and enough fall/winter precipitation to refill reservoirs, supply conditions were found to be similar if the 1987 drought
were repeated for a second year.
2. Supply conditions are not predetermined, but rather are backed into by analyzing how much the supply conditions from
Scenario 1 (1987 drought) would have to be reduced to not be able to meet demand. This was found to be a 25% reduction
in inflows for SPU’s system and a 26% reduction in inflows for Tacoma Water’s system.
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3. This measure is included as an option in the model, but is not triggered under Scenario 2 conditions because the South Fork

Tolt Reservoir does not refill. Therefore, this measure could not be triggered in the model simulation. See Attachment C.
4. This measure is included as an option in the model, but is not triggered under Scenario 2 conditions because Chester Morse

5.
6.
7.
8.

9.

Lake does not refill to the lowest pumping level (water surface elevation 1,515 feet). Therefore, this measure could not be
triggered in the model simulation. See Attachment C.
The mitigation measures shown in this table represent the tools identified specifically for this modeling effort. Different
combinations of these tools could be implemented depending on drought conditions, available resources, and other factors.
If infrastructure improvements were made to allow more Cedar water to be used further north, and the South Fork Tolt were
allowed drop below elevation 1,710 feet, then demands would be met if inflows were reduced by as much as 33%.
Everett chose to match the supply under which SPU would not meet its demand, to compare operations with its closest
neighbor under identical weather conditions.
Implementation of Everett’s Drought Response Plan and the associated allowed instream flow reductions are assumed to be
standard operating procedure when the water level in Spada Reservoir drops below 1,420 feet, which occurred in all
indicated scenarios.
The groundwater assessment did not directly evaluate Scenarios 1 and 2; instead, it evaluated short-term and multiyear
droughts. The groundwater assessment found that the types of short-term events evaluated (similar to Scenarios 1 and 2)
could be managed by most systems that use groundwater supplies. However, the assessment found that multiyear periods of
reduced precipitation could lead to aquifer decline or depletion.

Question: Under what hydrologic conditions would regional water suppliers not have
enough water to meet the needs of our customers and for instream flows?
This drought resiliency assessment found that if the region were faced with a drought that had
approximately 25 percent lower reservoir inflows than the worst drought on record, then SPU
and Tacoma Water’s available supplies would begin to fall below levels needed to meet
demands. However, if SPU could draw down the South Fork Tolt Reservoir to elevation 1,690,
as is currently allowed, and if system improvements were made to deliver more water from the
Cedar system to the Tolt service area, then inflows would need to be reduced by approximately
33 percent before SPU could not meet demands. The Everett regional system would still retain
some supply buffer at this level of reduced inflow (Table 9).
Question: What existing tools do regional water suppliers currently have to respond to
drought conditions?
Water utilities have a number of tools for use during droughts to reduce the impact of water
shortages on residents and businesses, as well as the environment. These tools may be used in
anticipation of water shortages and may be implemented early in a drought to avoid more
drastic measures later in the same drought event. Water suppliers are also able to implement
different combinations of these tools depending on drought conditions, available resources, and
other factors. In some cases, there are conditions for activating certain measures. For example,
a common condition is that water utilities need to activate their WSCPs before reducing water
delivered for instream flows. Similarly, emergency supplies are generally restricted to specific
conditions and uses.
The following are existing tools that water suppliers in the region use to manage both supply
and demand:
•
•

Water Shortage Contingency Plans: Reduce demands through voluntary or mandatory
curtailments.
Reservoir Operations:
o
o

Early Refill: Captures early runoff to help fill reservoirs prior to drawdown season.
Lower Drawdown: Provides access to water stored at lower elevations that is not
normally used.

Drought Resiliency Assessment

29

•
•

Instream Flow Reductions: Decreases reservoir releases while maintaining sufficient
flows for fish.
Emergency Supplies:
o
o
o

Wells: Increase water production for emergency use.
Reservoir Storage: Access water from the inactive pool below the reservoir outlet
works.
Interties: Systems with surplus supply can send water to those with inadequate
supply.

Question: What potential additional measures or actions could be implemented to
mitigate the impacts of droughts and make the region more resilient under drought
conditions?
To prepare for an extreme drought, water suppliers could expand the number of tools available
to enhance drought resiliency. To this end, the Drought Team identified and documented
potential measures in general terms (Attachment E). Potential measures include developing
new sources of supply, expanding storage, constructing interties between systems,
implementing new operational modifications, further reducing demand, and using reclaimed
water. A durable drought mitigation measure would be one that is permanently dedicated to
drought response, providing capacity (by supply enhancement or demand reduction) specifically
during such events. For example, under the extreme drought scenario (Scenario 2), SPU and
Tacoma Water would not be able to meet demand. However, under this scenario, Everett would
still have sufficient supply remaining. Therefore, interties could potentially allow Everett to
transfer water to SPU and on to Tacoma Water to provide regional drought relief. However,
coincidence of drought conditions is high across these basins, indicating that all systems face
concurrent and relatively consistent reductions in available supply.
Question: How concerned are smaller water suppliers in the region about drought? How
prepared are these suppliers to respond to drought conditions?
Most water suppliers in the region are moderately concerned about drought and have
implemented some measures to prepare for water shortages, including primarily demand
management tools, emergency interties, and emergency/backup water supplies. Survey
respondents considered their water supply sources (surface water reservoirs, wells, and tanks)
as the system components most vulnerable to drought risks. Approximately 40 percent indicated
that they would be better prepared for drought and other risks if emergency/backup water
supplies were implemented. Further evaluation of the preparedness of smaller water suppliers
in the region would contribute to determining the adequacy of water supplies, identifying
vulnerable systems, and developing measures to mitigate such vulnerabilities.

7.2

Recommendations for Future Investigations

While conducting Phase 1 of the drought resiliency assessment, the Drought Team identified
various opportunities for additional research, data development, analysis, and/or evaluation that
extended beyond the Phase 1 effort. Further investigations could be performed during a later
phase of the Water Supply Forum Regional Resiliency Assessment to address these tasks,
which would further contribute to understanding and improving regional drought resiliency.
The following list summarizes assessments identified for potential action in subsequent phases
of the drought resiliency assessment. Near-term items are generally considered higher priority
and would likely be investigated during Phase 2. Other items are generally lower priority and
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could be investigated in Phase 2 or in subsequent phases. Note this section does not provide a
comprehensive list of the additional investigations required during subsequent phases.
Near-Term Investigation Items:
•

•
•

•

Drought conditions in 2015 resulted in the need for water suppliers to implement drought
response measures. Conduct an assessment of the 2015 drought in terms of severity,
supply, demand, and effectiveness of shortage response. In particular, compare demand
patterns in 2015 before and after voluntary curtailments were implemented to determine
the savings achieved from demand reductions. Compare this to the assumptions and
results identified in Phase 1.
Expand on and refine the drought preparedness criteria (summarized in Section 6.2)
needed to evaluate drought mitigation measures.
Apply a rigorous evaluation of the potential drought mitigation actions listed in
Attachment E. This effort would be in coordination with the other Resiliency Project Risk
Teams’ evaluations of mitigation actions.
Evaluate several groundwater case studies related to the drought vulnerabilities
identified in Phase 1. Use them to characterize the range of conditions faced by
groundwater-supplied systems in the region.

Other Investigation Items:
•
•

•

•

•
•

Expand on the Water Supply Forum documentation of water utility interties to further
detail infrastructure and operational status, readiness to serve, cost, and time to activate.
Investigate and develop a scope for efforts related to institutional, statutory, and
regulatory needs to improve regional drought response. Examples include water rights
obstacles, statutory authorities, and interagency agreements. Develop a roadmap for
agencies to improve institutional preparedness.
Outline financial obstacles and needs related to enhanced interagency cooperation and
mutual aid, as well as utility preparedness for cost and revenue impacts of drought
events.
Work with smaller water suppliers in the region to identify potential areas of vulnerability
to drought, and identify potential mitigation measures to improve resiliency for these
suppliers.
Identify potentially significant aquifer storage and recovery opportunities that might
reduce drought vulnerability.
Evaluate how long-term regional data collection on groundwater conditions could
improve our understanding of groundwater as a resource for mitigating drought. This
could lead to proposals for improved monitoring programs.
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Figure 4

Seattle Regional Water Supply System
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Figure 5

Tacoma Water Supply System
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Figure 6

Everett Water Supply System
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Glossary of Terms
Acre-foot – The volume of water needed to cover 1 acre of land to a depth of 1 foot. This is
equal to approximately 326,000 gallons.
Aquifer – A geologic formation that will yield water to a well in sufficient quantities to make the
production of water from this formation feasible for beneficial use.
Aquifer storage and recovery project, or underground artificial storage and recovery project –
Those projects where the intent is to artificially store water in an underground geological
formation through injection, surface spreading and infiltration, or other department-approved
method, and to make subsequent use of the stored water.
Conservation – Long-term management of water demand to eliminate waste and maximize
efficient use of the resource. Conservation typically includes both hardware efficiencies
(e.g., efficient clothes washers) and behavior change (e.g., only washing full loads of laundry).
Conservation efforts are motivated by code, pricing, and programs but do not include water
curtailment.
Curtailment – Short-term management of water demand to respond to a short-term drought or
system disruption. Curtailment typically focuses on behavior change, involves customer
sacrifice, and focuses on nonessential water use. Note that similar strategies can be used for
curtailment and conservation; however, the timeframe and/or intensity is different. For example,
reduced lawn watering may be used for both, but for conservation it might feature a gentle
recommendation to let lawns go dormant during summer, whereas for curtailment it may be
mandatory and include fines for noncompliance.
Demand – Aggregate municipal uses of water by residential, commercial, industrial, and public
customers. Water demand can include operational system losses if supply capacity reflects
deliveries used to offset those losses.
Drought – A deficiency of precipitation over an extended period of time, resulting in a water
shortage for some activity, group, or environmental purpose. Drought can occur under a wide
variety of weather conditions.
Drought mitigation measures – Actions taken to temporarily augment supply or reduce demand
in response to drought.
Drought resiliency – The ability of a water utility to continue effective operation, or to recover
operational capacity, under drought conditions.
Emergency supplies – Supplies used during a disruption of normal supplies. Emergency
supplies are generally restricted to specific conditions and uses.
Firm yield – The firm yield of a water system is the supply capacity under an identified standard
for reliability. The standard often relates to a statistical likelihood (for example, 98 out of 100
years of historical record) of supply adequacy as defined by the utility. There is no standard
methodology for determining yield among different water suppliers in the region and no standard
level of reliability. Outages caused by the failure or unavailability of equipment or facilities are
not considered when determining firm yield.
Forum Outlook – The Water Supply Forum’s 2009 Regional Water Supply Outlook as amended
and supplemented by the 2012 Regional Water Supply Update.
Groundwater Supply – Groundwater originates from rain and from melting snow and ice that
percolates into aquifers. Groundwater supplies are those that use water stored in aquifers.
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Interties – Interconnections between water systems that allow for the exchange or delivery of
water between those systems. Interties can be for either normal or emergency supply.
Regional water utility – A large water utility that supplies water to a large percentage of the
population in a county, via retail and wholesale methods. For this resiliency project, the Everett,
SPU, and Tacoma Water water systems were the regional water utilities analyzed.
Resiliency – The ability of a water utility to continue effective operation, or to recover operational
capacity, when faced with adverse system stresses. For this resiliency project, four significant
system stresses were analyzed: earthquakes, drought, climate change, and water quality
issues.
Retail water utility – A water utility that supplies water to the end user (i.e., residential and
commercial customers).
Shortage – A water shortage occurs when supply is reduced to a level that cannot support
concurrent demands, or when demands increase beyond the capacity of supplies. Natural
forces, system component failure or interruption, or regulatory actions may cause these water
shortages. Such conditions could last several months or extend over many years.
Surface water supply – Surface water supplies are those which use rivers, lakes, or ponds.
Water shortage contingency plan – A written document prepared by a water utility that
establishes actions and procedures for managing water supply and demand during water
shortages. The plan generally addresses both progressive situations, such as a drought, and
more immediate situations such as system disruptions (e.g., a major pipeline break).
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Water Shortage Contingency Plan Comparison
As part of the Water Supply Forum Regional Resiliency Project, the Drought Team was tasked
to review the WSCPs for the three largest regional water systems for their applicability to the
drought analysis conducted by the Team.
A WSCP establishes actions and procedures for managing water supply and demand during
water shortages. The objective of a WSCP is to maintain public health and safety and minimize
adverse impacts on economic activity, environmental resources, and quality of life. Most
WSCPs have multiple stages that are implemented progressively depending on the magnitude
of the water shortage or as conditions become more serious. Typically, each stage contains a
variety of strategies for managing supply, internal utility operations, customer actions, and
communications.
The following WSCPs were reviewed:
•
•
•

SPU – 2006 Water Shortage Contingency Plan
Tacoma Water – 2005 Water Shortage Response Plan
Everett – 2001 Drought Response Plan (updated March 2005)

This technical memorandum is organized into three sections, one for each of the three plans. It
is not intended to provide a comprehensive summary of the plans, but rather to document key
aspects that are relevant to the Team’s drought analysis work. That key information includes a
summary of the plan stages, triggers for each stage, applicability to wholesale customers,
demand reduction goals, and demand reduction actions.
SPU Water Shortage Contingency Plan
Stages
The SPU plan has the following four stages:
•
•

•

•

Advisory Stage – In this stage, the public is informed that a water shortage may occur.
Voluntary Stage – If supply conditions worsen, the plan moves to the Voluntary Stage,
which relies on voluntary cooperation and support of customers to meet target
consumption goals. During this stage, specific voluntary actions are suggested for both
residential and commercial customers. The suggested actions promote water efficiency
with little to no impact on customer quality of life (e.g., washing full loads of laundry,
avoid watering midday).
Mandatory Stage – If the Voluntary Stage does not result in the reduction needed, or
supply conditions worsen, the Mandatory Stage would be implemented. This stage
prohibits or limits certain actions, and may be accompanied by an enforcement plan that
could include fines for repeated violation. The customer actions promote more
aggressive approaches that typically require some level of customer sacrifice (e.g.,
restricting irrigation, taking shorter showers).
Emergency Curtailment – This stage addresses the most severe need for demand
reduction and includes a combination of mandatory measures and rate surcharges. This
would be used as the last stage of a progressive situation, such as a drought of
increasing severity, or to address an immediate crisis, such as a facility failure.
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Triggers for Each Stage
The SPU plan identities factors to be considered for initiating the plan and moving to successive
stages. The factors relate to various supply, demand, environmental, water quality, and financial
issues. A specific threshold is not set for the factors. Examples of some of the factors include,
but are not limited to, the following:
•
•
•

Total supply availability, including groundwater, interties, and modified instream flow
releases.
Short- and long-term weather and hydrologic forecasts.
Computer modeling of streamflow and reservoir storage, for different weather and
demand assumptions.

Applicability to Wholesale Customers
SPU’s wholesale customers are required to fully participate in the plan’s elements, as a
condition of their water supply contracts.
Demand Reduction Goals
The SPU plan does not specify official demand reduction goals for each stage. However, for
each stage, it outlines possible “demand management scenarios” and associated projected
demand reduction percentages. Those percentages are essentially unofficial demand
management goals for each stage. The official demand reduction goals are determined once
the plan is enacted. The following table outlines the possible demand management scenarios
and associated demand reduction percentages:
Demand Management Scenario
Pre and Stage 1 Advisory

% Demand Reduction
<1%

Stage 2 Voluntary Curtailment

5–10%

Stage 3 Mandatory Curtailment

10–20%

Stage 4 Emergency Curtailment

>20%

Demand Reduction Actions
The SPU plan includes demand reduction actions on both the utility and customer side for each
stage of the plan. For the utility (both SPU and its wholesale customers), the demand reduction
actions are specifically identified in the plan. For the customer, the plan does not specify the
exact demand reduction actions; however, it includes lists of potential actions (Appendices C, F,
and G in the SPU plan). The official demand reduction actions for customers are determined
once the plan is activated. The demand management actions provided in the plan are outlined
below.
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Stage

Advisory Stage

Demand Reduction Actions
Utility Actions:
• Flushing – Determine if should accelerate prior to
peak season or reduce
• Reservoir cleaning – determine if should
accelerate prior to peak season or reduce

Potential Customer Actions:
• Promote conservation tips in Attachment F of
SPU plan

Utility Actions:
• Eliminate nonessential uses (flushing, reservoir
overflows, reservoir cleaning)
• Eliminate fleet vehicle washing unless recycled

Potential Customer Actions:
• Promote conservation tips in Attachment G of
SPU plan
• Eliminate fleet vehicle washing unless recycled
• Limit fire department training
• Restrict hydrant permits (if demand reduction
goal is >10%)
• Possible short-term enhancement of
conservation program
• Request % reduction from large customers

Utility Actions:
• None beyond previous stage

Potential Customer Actions:
• Restrict or prohibit lawn watering
• Prohibit ornamental water features
• Prohibit car washing unless recycled
• Prohibit street/sidewalk washing
• Prohibit pressure washing
• Prohibit water waste
• Rescind hydrant permits

Utility Actions:
• Curtail nonessential fire line testing

Potential Customer Actions:
• Prohibit lawn and sports field watering (no
exceptions)
• Rate surcharges
• Close public pools
• Prohibit fire training

Voluntary Stage

Mandatory Stage

Emergency Stage

Tacoma Water Shortage Response Plan
Stages
The Tacoma plan has the following four stages:
•

•

•

Advisory Stage – This stage will be implemented when potential water supply problems
exist and when early indications are that additional steps will be needed if conditions
deteriorate. The main objective of the advisory stage is customer awareness.
Voluntary Stage – The voluntary stage will be implemented if available water sources
are not expected to be sufficient to support normal demands and adequate support of
instream flows. The objective is to further encourage customers to continue to reduce
water use, and to provide guidelines the utility may take to reduce water use. The
suggested actions promote water efficiency with little to no impact on customer quality of
life.
Mandatory Stage – This stage will be implemented when available sources combined
with voluntary demand reductions are not expected to be sufficient to support projected
demands and provide adequate support of instream flows. The main goal is to limit or
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•

prohibit nonessential water use. The actions in the Mandatory Stage promote more
aggressive approaches internally, with some customer sacrifice.
Emergency Stage – The Emergency Stage is reserved for catastrophic events such as
a significant earthquake or other disaster that caused loss of sources or transmission
mains. Some actions from the previous stages would remain or go into effect if they
assist in meeting the required water-use reduction.

Triggers for Each Stage
The Tacoma Water plan identities factors to be considered for initiating the plan and moving to
successive stages. The factors relate to various supply, demand, environmental, water quality,
and financial issues. A specific threshold is not set for the factors, thus consultation and
collaboration internally and with related resource and water management agencies is critical in
determining when to proceed to the next stage of curtailment efforts.
Applicability to Wholesale Customers
Tacoma Water’s wholesale customers are required to fully participate in the plan’s elements, as
a condition of their water supply contracts.
Demand Reduction Goals
The Tacoma Water plan does not specify official demand reduction goals for each stage. The
official demand reduction goals are determined once the plan is enacted.
Demand Reduction Actions
The Tacoma Water plan does not specify the exact demand reduction actions for customers,
nor provide specific examples of potential reduction strategies. Rather, the Tacoma plan
focuses on internal operating strategies and procedures. The plan specifies implementation of
water conservation strategies providing several examples of what these strategies are.
Examples of demand management strategies provided in the WSCP are outlined below:
Stage

Potential Demand Reduction Actions

1
Advisory

•

Establish standard conservation options.

2
Voluntary

•
•
•

Contact targeted high-use peaking customers and propose water conservation strategies.
Examine potential for water use reduction by Simpson and other high-use industries.
Implement Tacoma Water’s operational reductions.

3

•
•
•

Mandatory

4
Emergency

Restrict nonessential water uses according to the severity of water supply conditions.
Curtail water supply to Simpson as operating and economic factors allow or dictate.
Implement water supply limitations for new construction according to the severity of water
supply conditions.
• Increase Tacoma Water’s operational reductions.

•
•

Intermittent supply to customers (associated with “boil water” order).
Curtail commercial/industrial use except for essential services.
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Everett Drought Response Plan
Stages
The Everett plan has the following four stages:
•
•

•

•

Advisory Stage – The public is informed that a water shortage may occur and is
encouraged to use water wisely.
Voluntary Stage – The voluntary stage relies on voluntary cooperation to meet demand
reduction goals. During this stage, supply-side actions are implemented and voluntary
actions are recommended for customers.
Mandatory Stage – During the mandatory stage, more aggressive supply-side actions
are implemented and certain customer water use activities are limited or prohibited. The
mandatory stage will identify specific water conservation actions customers are required
to take.
Emergency Stage – If supply conditions worsen and the mandatory stage does not
meet the required demand reduction, this stage will establish emergency restrictions,
which may include rate surcharges.

Triggers for Each Stage
The Everett plan identities trigger points for three of the stages. The triggers are related to
conditions in the Spada Reservoir, which are outlined below:
Stage

Trigger Point

Advisory Stage

• Spada Reservoir storage is less than 80 percent of normal operating capacity as of
April 1, due to exceptionally low precipitation, and/ or carryover storage from the
previous year.
• The snowpack and inflows that feed Spada Reservoir are less than 80 percent of
normal levels as of April 1.

Voluntary Stage

• Spada Reservoir storage is not projected to be at standard operating capacity as of
June 1, due to an exceptionally low snowpack, precipitation, and/or carryover
storage from the previous year.
• Spada Reservoir storage and predicted inflows are at, or below, 75 percent of
normal levels and indicate the need for a more systematic response to the water
supply situation.

Mandatory Stage

• Supply conditions have become progressively more serious, this trend is expected
to continue or worsen, and the goals established in the Voluntary Stage have not
been achieved.
• Supply modeling indicates that demand levels must be reduced by specific,
quantifiable levels to avoid serious impacts on the ability to meet essential water
needs in the future. Supply modeling indicates that expected demands may not be
met if this trend continues.

Emergency Stage

• Not available
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Applicability to Wholesale Customers
Everett’s wholesale customers are expected to work cooperatively with the City in implementing
the plan’s elements. Two wholesale customer representatives and a PUD representative are
members of a Drought Advisory Committee, which is formed to make recommendations to the
City’s Public Works Director regarding the Voluntary, Mandatory, and Emergency Stages. The
drought situation and related decisions are also discussed with all wholesale customers at
larger meetings.
Demand Reduction Goals
The Everett plan does not outline specific demand reduction goals. Presumably the demand
reduction goals are determined once the plan is enacted.
Demand Reduction Actions
For the customer, the Everett plan does not specify the exact demand reduction actions;
however, it include lists of potential actions (see table below). The official demand reduction
actions for customers are determined once the plan is enacted.
Everett uses a variety of strategies to reach demand reduction goals. The following is a list of
recommended actions for each of the stages of curtailment:
Stage

Potential Demand Reduction Actions

Advisory Stage

•

Voluntary Stage

Utility Actions:
• Limit all nonessential domestic uses of water
• Limit landscape irrigation around public facilities
• Limit irrigation of parks and median/gateway areas
• Limit street washing and other nonessential services
• Limit the frequency of water system flushing
activities

Customer Actions:
• Limit all nonessential domestic uses of water
• Limit car washing, driveway cleaning, and
pressure washing
• Limit irrigation of residential gardens/lawns
• Limit irrigation of golf fairways and cemeteries
• Limit recreational uses of water

Utility Actions:
• Eliminate all nonessential domestic uses of water
• Eliminate landscape irrigation around public facilities
• Eliminate irrigation of parks and median/gateway
areas
• Eliminate nonessential system flushing activities
• Eliminate nonessential sewer flushing activities
• Restrict Fire Department training activities
• Limit water sales outside the normal service area

Customer Actions:
• Eliminate all nonessential domestic uses of
water
• Eliminate car washing, driveway cleaning, and
pressure washing
• Eliminate irrigation of residential gardens/lawns
• Eliminate irrigation of golf fairways and
cemeteries
• Eliminate all recreational uses of water
• Reduce commercial uses of water to prescribed
levels
• Reduce process water usage to prescribed
levels

Mandatory Stage

Emergency Stage

•
•
•

Customers are encouraged to use water wisely to avoid the possibility of more stringent actions.

All nonessential uses of water eliminated
Increased enforcement of water-use restrictions; violators will be fined
The City and/or purveyors may implement a rate surcharge
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Water Supply Modeling Results
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SPU Water Supply Modeling Results
Water Supply Modeling Results – SPU
A. Historical Drought – Scenario 1 – 2015
• 2015 hot, dry water demands
• No wells
• No curtailments

Figure A-1: This graph shows the amount of water in MGD delivered from each source to meet municipal
and industrial (M&I) demands under this scenario. Seattle wells were not used in this scenario. Also, full
M&I demands (red line) were provided with no curtailments implemented.
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A. SPU Historical Drought – Scenario 1 – 2015 (continued)

Figure A-2: Modeled Chester Morse Lake Reservoir elevations indicate that the reservoir would refill in
May 1987, drop below the reservoir trigger for the alert phase in June 1987 such that critical-year flows
are allowed, then reach pumping levels of 1,538 feet in November 1987. The reservoir almost reaches
1,532 feet, the upper level of “dead storage,” in December, and does not reach the lowest pumping level
of 1,515 feet. The reservoir recovers to flood management levels of 1,550 feet in late January 1988 and
then refills in spring of 1988.

Figure A-3: Modeled South Fork Tolt Reservoir elevations indicate that the reservoir would refill by
June 1987, and would almost reach the normal minimum level of 1,710 feet in November 1987.
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A. SPU Historical Drought – Scenario 1 – 2015 (continued)

Figure A-4: Modeled streamflows at the instream flow compliance point on the Cedar River below
Landsburg Dam indicate that while supplemental instream flows were not provided in 1987, instream
flows were not lowered to critical-year levels.

Figure A-5: Modeled streamflows at the instream flow compliance point on the South Fork Tolt River
indicate that normal-year instream flow levels could be provided in all 3 years.
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Water Supply Modeling Results – SPU
B. Historical Drought – Scenario 1 – 2035
•
•
•

2035 hot, dry water demands
No wells
Curtailments not modeled

Figure B-1: This graph shows the amount of water in MGD delivered from each source to meet M&I
demands under this scenario. Seattle wells were not used in this scenario. Also, full M&I demands (red
line) were provided with no curtailments implemented.
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B. SPU Historical Drought – Scenario 1 – 2035 (continued)

Figure B-2: Modeled Chester Morse Lake Reservoir elevations indicate that the reservoir would refill in
May 1987, drop below the reservoir trigger for the alert phase in June 1987 such that critical-year flows
are allowed, then reach pumping levels of 1,538 feet in November 1987. The reservoir drops below
1,532 feet, the upper level of “dead storage,” in December; however, required curtailments were not
modeled. The reservoir does not reach the lowest pumping level of 1,515 feet and recovers to flood
management levels of 1,550 feet in January 1988 and then refills in spring of 1988.

Figure B-3: Modeled South Fork Tolt Reservoir elevations indicate that the reservoir would refill by
June 1987, and reach the normal minimum level of 1,710 feet in November 1987.
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B. SPU Historical Drought – Scenario 1 – 2035 (continued)

Figure B-4: Modeled streamflows at the instream flow compliance point on the Cedar River below
Landsburg Dam indicate that while supplemental instream flows were not provided in 1987, instream
flows were not lowered to critical-year levels.

Figure B-5: Modeled streamflows at the instream flow compliance point on the South Fork Tolt River
indicate that normal-year instream flow levels could be provided in all 3 years.
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Water Supply Modeling Results – SPU
C. Extreme Drought – Scenario 2
•
•

2035 hot, dry water demands
24 percent reduction in inflows
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Figure C-1: This graph shows the amount of water in MG) delivered from each source to meet M&I
demands under this scenario. The yellow line indicates the expected demand under hot, dry conditions
in 2035, and the red line shows expected demand after curtailments. Where the red line falls below the
yellow line, curtailments are in effect. The difference between the yellow line (uncurtailed demand) and
the red line (curtailed demand) is the amount of demand reduced through voluntary curtailments.
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C. SPU Extreme Drought – Scenario 2 (continued)
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Figure C-2: Modeled Chester Morse Lake Reservoir elevations indicate that the reservoir would refill in
May 1987, drop below the reservoir trigger for the alert phase in June 1987 such that critical-year flows
are allowed, then reach pumping levels of 1,538 feet in November 1987. The reservoir almost reaches
1,532 feet, the upper level of “dead storage,” in December, and does not reach the lowest pumping level
of 1,515 feet. The reservoir recovers to flood management levels of 1,550 feet in late January 1988 and
then refills in spring of 1988.
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Figure C-3: Modeled South Fork Tolt Reservoir elevations indicate that the reservoir would not refill in
these 3 years if there were a 24 percent reduction in inflows, and would reach the normal minimum level
of 1,710 feet in late October 1987 and again in late October 1988.
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C. SPU Extreme Drought – Scenario 2 (continued)
Cedar River Flows below Landsburg Dam

1988

Weeks
Critical

Figure C-4: Modeled streamflows at the instream flow compliance point on the Cedar River below
Landsburg Dam are lowered to critical-year levels (lowest red line) in each of the 3 years, coinciding with
curtailments.
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Figure C-5: Modeled streamflows at the instream flow compliance point on the South Fork Tolt River are
lowered to critical-year levels (red line) in each of the 3 years, coinciding with curtailments. Note that
instream flows are not met in the model when the reservoir reaches elevation 1,710 feet; in reality,
releases would be made from the reservoir to provide these flows.

Water Supply Modeling Results – SPU
D. Extreme Drought – Scenario 2 with modifications
•
•
•
•

2035 hot, dry water demands
33 percent reduction in inflows
Use South Fork Tolt Reservoir below elevation 1,710 feet
Assume infrastructure improvements are in place to deliver more water from the Cedar
to the north end of the service area normally supplied by the Tolt
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Figure D-1: This graph shows the amount of water in MG) delivered from each source to meet M&I
demands under this scenario. The yellow line indicates the expected demand under hot, dry conditions
in 2035, and the red line shows expected demand after curtailments. Where the red line falls below the
yellow line, curtailments are in effect. The difference between the yellow line (uncurtailed demand) and
the red line (curtailed demand) is the amount of demand reduced through voluntary curtailments.
Comparison of this graph with Figure C-1 shows the additional water delivered from the Cedar instead of
the Tolt.
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D. SPU Extreme Drought – Scenario 2 with modifications (continued)
Modeled Chester Morse Lake Reservoir Water Elevation
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Figure D-2: In this scenario with 33 percent reduction in inflows, modeled Chester Morse Lake Reservoir
elevations indicate that the reservoir would not refill in each of the 3 years, and would drop below
1,532 feet, the upper level of “dead storage,” in late 1987/early 1988, but would not reach the lowest
pumping level of 1,515 feet.
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Figure D-3: Modeled South Fork Tolt Reservoir elevations indicate that the reservoir would not refill in
these 3 years if there were a 33 percent reduction in inflows, and would reach 1,690 feet in
November 1987.
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D. SPU Extreme Drought – Scenario 2 with modifications (continued)
Cedar River Flows below Landsburg Dam

1988

Weeks
Critical

Figure D-4: Modeled streamflows at the instream flow compliance point on the Cedar River below
Landsburg Dam are lowered to critical-year levels (lowest red line) in each of the 3 years, coinciding with
curtailments.
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Figure D-5: Modeled streamflows at the instream flow compliance point on the South Fork Tolt River are
lowered to critical-year levels (red line) in each of the 3 years, coinciding with curtailments. Note that
instream flows are not met in the model when the reservoir reaches elevation 1,690 feet.

Tacoma Water Supply Modeling Results
Tacoma Water Most Likely Long-term Demand Forecast
Summary: Tacoma Water has generated a daily 60-year MLF with probabilistic weather
variations to understand system constraints, demand/supply uncertainties, and inform water
supply agreement development.
Assumptions:
•

•

•
•

•

•
•

Historical Time Period Analyzed: The regression examined daily actual distribution to
system demand from 2000 to 2014. To develop weather-related probabilistic outcomes,
51 years of historical daily weather information was used.
Customer Growth: Historical occupied household growth rates were used from Tacoma
Water’s service territory. Occupied households are projected to increase by 9.2 percent
from 2015 to 2073, or by 0.16 percent per year.
Time Trend: A time trend was used for regression purposes to make the demand data
stationary.
Conservation: Residential end use data from 2010 was forecast and back-casted
separately for indoor and outdoor applications. Indoor demands were projected to
decrease at a decreasing rate to the current known technological limitation of the fixture
(1 gallon per flush toilet for example). Outdoor demands were forecast based on the
assumption that it is an elective application of water and, therefore, the lower bound is
zero. It is assumed that this lower bound is approached on a logarithmic (decreasing at a
decreasing rate) scale over time. Indoor conservation achievements were subtracted out
of the forecast amounts each day, whereas outdoor conservation achievements were
removed seasonally from Tacoma Water’s peak season (June to September).
Weather: Daily weather (1964 to 2014) data consisting of maximum temperature,
minimum temperature, and total daily rainfall were used to inform the regression. The
data were gathered and averaged from several weather stations in or near Tacoma
Water’s service territory.
Economic: The effects of the Great Recession (a dummy variable in the forecast) are
assumed to persist permanently into the future.
Other: Large-volume customers, the WestRock pulp/paper mill, and wholesale customer
demand forecasts were not regressed but forecast via trends or dialogue with the
customer. The results were added during the postprocessing phase to account for
potential shifts that normal forecasting would not have accounted for.

Results: Demands are predicted to decline over time in the initial years, until roughly 2030,
when they begin to recover slowly due to population growth. MLF demand is predicted to
decline overall by 17 percent. After incorporating 2003 weather in 2035, we see a peak day
demand of 91 MGD (82nd percentile) and an average day demand of 46 MGD, making a peak
to average day ratio of 1.97. This high peak to average day ratio, while unlikely, is due to a very
hot, dry summer in the earlier period of the year, which is cut dramatically short by 0.3 inches of
rainfall and a drop of 20 degrees maximum day Fahrenheit.
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Tacoma Water Supply Forecast
Summary: Tacoma Water has created a daily time-step model of supply availability with the
capability to run various river exceedance flows and the ability to simulate select individual
years. The model has been developed to understand system constraints, demand/supply
uncertainties, and inform water supply agreement development.
Assumptions:
•

•

Historical Time Period Analyzed: The data used for the analysis is provided by the
U.S. Geological Survey (USGS) and spans the previous 53 years of record. Note that
management conditions for the river have changed dramatically over this time period
(Howard Hanson Dam was constructed in 1961, and municipal storage started in 2006),
so the historical record has been adjusted to coincide with these management changes.
River Conditions: First and second diversion availability is conditioned on flow
minimums in the Green River. Depending on the amount of snowpack and rainfall, the
amount of first and second diversion water right available may vary from year to year. A
model was developed that quantifies the natural river flow on a 5 percent exceedance,
10 percent exceedance, etc., basis. The term “exceedance” means that the river will
have flows that are less than the value only X percent of the time. So, a 25 percent
exceedance means that the river will have flows that are less than the stated value only
25 percent of the time. The model allows you to select a specific river condition (i.e., %
exceedance) and from that calculate the amount of FDWR and SDWR available on a
daily basis. The model allows for the following river exceedances to be selected for
analysis: 5, 10, 20, 25, 50, 75, 80, 90, and 95. The model also allows for simulation of
particular actual years of flows (modified for current management practices) 1987, 1992,
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•

•

•

•

•

and 2014. And finally, the absolute minimum flows that the river has experienced
(regardless of the year of occurrence) can be modeled.
Minimum Base Flows: A switch is installed in the model that allows the user to select
the minimum base flows desired. There are two choices: either “normal” minimum base
flows or “drought” minimum base flows. If “drought” minimum base flows is selected,
then it is an expectation that Tacoma Water has declared an emergency and has begun
to curtail customer use.
Demand Scenario: The model allows the user to select a demand scenario from
several options. Historical demands are included for high demand years. The following
years are currently available: 2003, 2006, 2009, 2014, 2035, and 2035, with modified
demands for possible new large users accounted for. The 2035 modified will produce
potentially conservative results if the uses anticipated do not materialize.
Well Availability: The model allows you to specify the amount of wells available (i.e.,
50 percent, 75 percent, etc., of our current well capacity). This allows you to reduce the
amount of well water available that could result from failed pumps, etc.
Reservoir Fill: Dates when the spring refill of the reservoir began can be selected, and
then a manual determination of when the fill period ended must be inserted. This manual
step requires the user to assess the SDWR availability and determine when the SDWR
became unavailable (usually in late May to early June).
Drought Resiliency Workshop: 1987 river conditions are available to model, as are
2035 demands.

Results: Output from one of the model runs is provided below:
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Output from the Modeled 1987 Drought with 2015 Demands

Percent of Wells available
Total Wells assumed (mgd)
Demand Scenario
FDWR Auburn Minimum 225 cfs switch
Fill Start
Fill End

* Storing up to 10,000 AF of munipal water

72194

65375

5627

3575

0

52787

3575

56362

9013

0

AF

AF

AF

AF

AF

AF

AF

AF

AF

AF

AF

SDWR
Available
(cfs)

FDWR
Available
(cfs)

Tacoma
Only
Demand
in 2014
(cfs)

SDWR
Placed in
Storage
(cfs)

SDWR
Delivered
Run of River
(cfs)

SDWR
Delivered
from
storage
(cfs)

FDWR
Delivered
(cfs)

Total
SDWR
Delivered
(cfs)

Total
Delivered
from
pipelines
(cfs)

Well Water Used

(cfs)

Well Water
Deficit
Used
(curtailment)
(cfs)
(cfs)

180

min
81%
55
2014
n
15-Feb
22-May

180

160

160
FDWR Delivered (cfs)

140

Water delivered in cfs

Exceedance Number or Model Year

9202

SDWR Delivered from storage
(cfs)

120

120

100

100

80

80

60

60

40

40

20

20

0

0
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140

Output from the Modeled 2015 Drought with 2015 Demands
77266

58254

58254

9047

11286

3164

43805

16229

0

AF

AF

AF

AF

AF

AF

AF

AF

AF

AF

Tacoma's
portion of
SDWR
Available
(cfs)

FDWR
Available
(cfs)

SDWR
Delivered
from
storage
(cfs)

FDWR
Delivered
(cfs)

Well water
used to
save river
water
(assuming
100%
availability)
cfs

Deficit
(curtailment) (cfs)

Tacoma Actual 2015
Demand
Only
Demand
and/or
Modeled
in 2014
Tacoma
without
curtailment
Only
Demand
(cfs)
in 2014
(cfs)

SDWR
SDWR
Placed in
Delivered
Storage Run of River
(cfs)
(cfs)

140
120

Well water used (cfs)
SDWR Used (cfs)

100

Demand (cfs)

Exceedance Number or Model Year
2015
Percent of Wells available or used
70%
Total Wells assumed (mgd)
55
Demand Scenario
2014
FDWR Auburn Minimum 225 cfs switch
n
Fill Start
2/15/2014
Fill End
5/19/2014
* storing up to 10,000 AF of municipal water

19052

FDWR Used (cfs)
80
60
40
20
0
J
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Output from the Modeled 2015 Drought with 2035 Demands
Tacoma's
portion of
SDWR
Available
(cfs)

Tacoma Actual 2015
Only
Demand
Demand
and/or
in 2035
Modeled
without
Tacoma
curtailment
Only
Demand
(cfs)
in 2035
(cfs)

SDWR
SDWR
Placed in
Delivered
Storage Run of River
(cfs)
(cfs)

SDWR
Delivered
from
storage
(cfs)

FDWR
Delivered
(cfs)

Well water
used to
save river
water
(assuming
100%
availability)
cfs

Deficit
(curtailment) (cfs)

120

Well water used (cfs)

100

SDWR Used (cfs)
80

Demand (cfs)

Exceedance Number or Model Year
2015
Percent of Wells available or used
70%
Total Wells assumed (mgd)
55
Demand Scenario
2035
FDWR Auburn Minimum 225 cfs switch
n
Fill Start
2/15/2014
Fill End
5/19/2014
* storing up to 10,000 AF of municipal water

FDWR
Available
(cfs)

FDWR Used (cfs)

60

40

20

0
J
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Everett Water Supply Modeling Results
The following graphs show simulated water levels in Spada Reservoir when employing standard
operations with the hydrologic and demand conditions selected for this study. Descriptions of
the model, facilities, water demands, and scenarios were presented in Section 4.0 of this
technical memorandum.
Snohomish PUD considers 1941 to be the worst-case year for power production within the
historic record of hydrologic data available for use with its models. SPU and Tacoma Water
determined 1987 to be the worst water supply year on record for their water utilities. PUD ran a
comparison of the 1941 and 1987 Sultan Basin inflows using the 2015 and 2035 Everett water
demands. The results below support both assumptions.

As can be seen by the depressed water level during the winter and spring of 1941 (green lines
above), the low winter precipitation was a concern in this time of year when electric needs are
the greatest. Therefore, it makes sense that 1941 would be a worst-case scenario for
hydroelectric utilities in the region. With the 1987 weather (red lines above), the extended dry
period in the summer of 1987 coincides with the time of year that residential water demands are
highest and the continuing drought into early winter of 1987 was a concern for salmon runs. So,
it also makes sense that 1987 would be a worst-case scenario for municipal water suppliers and
environmental needs. Therefore, PUD and Everett agreed with SPU and Tacoma that 1987
should be the record to examine for this study. The 1987 weather conditions with 2015 and
2035 water demands became known as “Scenario 1.”
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Another interesting observation is that differing domestic demands (2015 and 2035) do not
make a difference in the Spada water levels until the beginning of the dry season, as can be
seen in the deviation between dashed and solid lines in the above graph starting in June for
both the 1941 and 1987 weather conditions. This means power production and flood
management are controlling factors during winter and spring. Furthermore, the 1987 results
reflect how the abnormal dry season continued into early winter, whereas normal fall rains
returned before October in 1941.
After noticing that the water level at the end of the 1987 simulation is lower than the level at the
start of the model run, the Team questioned how it would look if 1987 weather repeated for a
second year. PUD ran the scenario again after adjusting the starting water level to match the
end of the first 1987 run. The sequential results with repeating 1987 inflows are plotted below
using both the 2015 and 2035 demands.

The above results illustrate that the reservoir water level would recover before spring in the
following year if the 1987 weather repeated. After catching back up to a normal water level,
drawdown in the second summer would match the first summer. In such case, less electricity
would be generated going into the second winter to help refill the reservoir.
As the next step, the Team explored hydrologic scenarios that could result in an inability to meet
customer demands. Hydrologic data from the 3-year period of 1986 through 1988 was
incrementally reduced until limitations were encountered in the ability to deliver water to
customers when following current drought response practices. SPU and Tacoma Water
encountered these limitations when inflow conditions were reduced at least 25 percent below
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the 1986 to 1988 record. Because the Everett water supply has more storage relative to
population served, it decided to match the conditions used by SPU and Tacoma Water to
compare operations under similar circumstances. This became known as “Scenario 2,” shown
as the red line in the next two graphs, which depict the results in terms of water level and
volume in Spada Reservoir. Everett’s Chaplain Reservoir is kept full throughout all scenarios.
The model runs for Scenario 2 only use 2035 water demands, and water use restrictions are in
effect when the Spada Reservoir water level is below 1,420 feet. If the 2015 demands had been
examined in Scenario 2, the results would yield less drawdown during the summer and fall,
similar to the dashed lines in the preceding Scenario 1 graphs.
As was described in Attachment B, Everett’s Drought Response Plan uses 80 and 75 “percent
of normal” water levels along with time of year, snowpack, precipitation, and weather forecasts
in its trigger points for advisory and voluntary drought response stages. Section 4.3 of this
technical memorandum described how the simulation model uses a water level of 1,420 feet as
a more simplified starting point for the drought response. The following graphs show Everett’s
“normal” and 75 percent of “normal” curves as a reference to compare against the model
results.
To help explain Spada Reservoir operations, the Scenario 2 graphs are also labeled with rule
curves (States 1-5) that PUD follows to comply with its license, and a basic description is
provided for each of these states.
The green line in the following graphs is a version of Scenario 1 showing what the reservoir
water levels would look like without reducing the natural inflows in this timeframe (1986 to 1988
weather, 2035 demands, and water use restrictions applied). One might notice that the
minimum level is at 1,376 feet, whereas it was 5 feet lower, at 1,371 feet, in the initial
Scenario 1 runs. A couple feet of this difference can be attributed to applying the water use
restrictions in the later run. Another part of the difference could be due to a software upgrade
that occurred between the initial and final model runs, which resulted in a need to modify the
time steps and might have slightly affected the model output.
The 1,376-foot minimum water level in the final run of Scenario 1 (green line below)
corresponds to 15.8 billion gallons, or 48,600 acre-feet, of water in Spada Reservoir. When
combined with the 4.9 billion gallons (15,000 acre-feet) in Chaplain, the total remaining stored
water in Scenario 1 would be 20.7 billion gallons (63,600 acre-feet). If all inflow to the Sultan
Basin stopped at this point, this stored water could supply the minimum Sultan River flows
(200 cfs) and the 2035 wintertime base Everett demands (56 MGD) for 112 days (16 weeks, or
almost 4 months).
When the 1986 to 1988 inflows are reduced by 25 percent for Scenario 2 (red lines below), the
minimum water level drops to 1,366 feet by mid-November of 1987, corresponding to
12.8 billion gallons, or 39,200 acre-feet, of water remaining in Spada. When combined with
water stored in Chaplain Reservoir, this totals 17.7 billion gallons (54,200 acre-feet), which
could last 96 days (13.7 weeks, or 3.2 months) going into the winter with no further inflows into
the reservoirs.
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The drought resiliency assessment was performed in 2015, which coincidentally turned out to
be a State-wide drought year. As such, Everett subsequently analyzed the 2015 drought for
comparison with the 1987 drought (worst drought on record) and the 1941 drought. The 1987
drought was primarily a “summer and fall drought” in which there was very little precipitation and
extremely low stream flows that persisted into early December before conditions improved. The
2015 drought began with extremely low snowpack levels and hot, dry conditions from roughly
late-March through early July. A rain event in July and another in August improved the 2015
conditions, and fall rains returned in late October – effectively ending the drought. The 1941
drought was characterized by low winter and spring reservoir inflows, similar to the 2015
drought. The Spada Reservoir Water Levels figure below shows the water levels under 1987
and 1941 weather conditions with 2015 and 2035 projected demands. This figure also shows
the actual 2015 reservoir level conditions.
Overall, Everett found that up until August, the 2015 drought was worse than Scenario 1 (1987
drought). However, moving into the fall, the 1987 drought became worse than the 2015 drought.
Ultimately, the minimum 1987 modeled reservoir levels (with 2035 demands) were
approximately 30 feet lower than the actual 2015 reservoir water levels.

If the fall rains had not returned, the 2015 drought could have trended similar to the modeled
extreme drought (Scenario 2 with 2035 demands). However, under Scenario 2, Everett still had
sufficient water supply remaining to meet 2035 demands. In addition, water supply conditions
could be improved by implementing additional water use curtailment measures and operational
modifications.
The following Everett Monthly Demand figure shows Everett’s actual 2015 water demands
compared to the 2015 demand projections used in the Resiliency Project scenarios. The 2015
actual drought results reflect the operational modifications made in spring 2015 to cut back
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power production and to maximize reservoir levels going into summer. Everett’s modeled 2015
demands assume hot, dry summer conditions with no water use restrictions. Results show that
actual demands were 7 to 15 percent lower than modeled demands in July to September 2015.
This reduction in actual demands reflects the successful implementation of Everett’s Stage 2
Drought Response Plan messaging, which encouraged voluntary demand reductions in 2015.
By implementing the Drought Response Plan, Everett was also able to reduce allocations for
instream flows in 2015.
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Snohomish
34.1
18%
King
80.3
43%
Pierce
74.6
39%

Aquaculture
13.4
3%

Industrial
18.6
5%

Mining
5.6
1%

Irrigation
8.3
2%

Livestock
1.8
1%
Individual
domestic
23.7
6%

Public
supply
329.3
82%

This combination of effects does not appear to occur during the period of meteorological record, so the
condition is considered hypothetical.
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REGIONAL WATER FORUM
DROUGHT RESILIENCY EVALUATION
POTENTIAL FUTURE ENHANCEMENT MEASURES
Project

Project Description

Location; System

Potential Yield1

Estimated
Cost2

Data
Source/Notes

Source
Sultan Supply Expansion

Increase withdrawals from the
Sultan River Basin to deliver more
water to Snohomish/North King
County.

Snohomish; Everett

Large

High

Outlook

Snohomish River RWA
Supply

Use a water right acquired by the
SRRWA. To use this water right,
modifications to the existing intake
would be necessary, as well as
building a treatment plant.

Snohomish; Everett/Seattle

Large

High

Outlook

North Fork Tolt Diversion
(with South Fork)

Construct a new diversion weir,
intake at the North Folk Tolt River,
and one or two large-diameter
pipelines from the river to the
regulating basin. This project (in
conjunction with the South Fork Tolt
Diversion) would divert water from
the North Fork Tolt River to the Tolt
Regulating Basin.

King; Seattle

Medium to Large High

Outlook

1 Yield

Codes: large = 20 MGD or more; medium = 5 to <20 MGD; small = 1 to <5 MGD; very small = <1 MGD. Yield codes based on review of potential yearround, permanent supplies in the Water Supply Forum’s Water Supply Outlook (2009). Values need to be reassessed for drought-targeted supplies.
Cost codes: high = $50 million or more; medium = $10 to <$50 million; low = <$10 million. Cost codes based on review of potential year-round, permanent
supplies in the Water Supply Forum’s Water Supply Outlook (2009). Values need to be reassessed for drought-targeted supplies.
2
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REGIONAL WATER FORUM
DROUGHT RESILIENCY EVALUATION
POTENTIAL FUTURE ENHANCEMENT MEASURES
Project

Project Description

Location; System

Potential Yield1

Estimated
Cost2

Data
Source/Notes

Lake Youngs Drawdown

Use water stored at Lake Youngs
King; Seattle
and additional diversions from the
Cedar River to increase SPU’s
overall water supply. New pumps
and treatment processes would
likely be required at the Cedar River
Treatment Facility for this project.

Large

High

Outlook

Snoqualmie Aquifer

Recover naturally stored
King; East King County Regional
Water Association/Seattle
groundwater from the Snoqualmie
Aquifer – recharged from seasonal
rainfall along the western front of
the Cascade Mountains. The
recovery of this source water would
occur by pumping a series of new
wells in the upper Snoqualmie River
Basin.

Medium

High

Outlook

Optimization of Aquifer
Storage for Increased
Supply (OASIS)

Inject water from the Green and/or
Cedar Rivers into the Mirror Lake
Aquifer during the lower demand
period. This would allow the
Lakehaven Utility District to
replenish water levels prior to the
production season and meet water
demands during high consumer
demand periods.

Small to Large

Medium to
High

Outlook
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King; Lakehaven Utility District

REGIONAL WATER FORUM
DROUGHT RESILIENCY EVALUATION
POTENTIAL FUTURE ENHANCEMENT MEASURES
Project

Project Description

Location; System

Potential Yield1

Estimated
Cost2

Data
Source/Notes

Lake Tapps

Utilize the water right granted to
CWA to take on average 64.6 MGD
of Lake Tapps water for municipal
use. Infrastructure necessary for
this project includes a treatment
plant, pipelines, and pump stations.

King-Pierce; CWA

Large

High

Outlook, Cascade
Transmission and
Supply Plan
(2011)

Wholesale Purchases from
Lakehaven Utility District

Tacoma Water purchases water
through a combination of interties
from Lakehaven Utility District.

South King, Pierce

Medium
(hydraulically
limited)

Low

2015 Temporary
Wholesale Water
Supply
Agreement
between Tacoma
Water and
Lakehaven

Tacoma Well Fields

Use Tacoma well fields beyond
sustainable yield (mine aquifers).

Pierce/Tacoma

Large

Low

10,000 AF at
$0.30/CCF, or the
approximate
variable unit cost
of production

Drought-Reserve Wells

Develop new groundwater
resources for use during drought
years.

various

Very small to
small

N/A

Regional
Groundwater
Risk Resiliency
Evaluation,
Robinson Noble,
October 2015

Drought Resiliency Assessment

REGIONAL WATER FORUM
DROUGHT RESILIENCY EVALUATION
POTENTIAL FUTURE ENHANCEMENT MEASURES
Project
Tacoma Eagle Lake
Development

Project Description

Location; System

Potential Yield1

Estimated
Cost2

Data
Source/Notes

Pump from a lake in Tacoma’s
Watershed into the Eagle Gorge
Reservoir behind Howard Hanson
Dam.

Pierce/Tacoma

Medium

Low

Based on
Tacoma Data
in 2015, costs
scaled up to
5,000 acre-feet

Howard Hanson Fish
Passage

Complete Tacoma’s “Additional
Water Storage Project,” securing
10,000 acre feet of storage.

Pierce/Tacoma

Large

N/A

N/A

Added Howard Hanson
Storage (Phase 2)

Add 12,000 acre feet of storage, of
which 9,600 goes to environmental.
A net of 2,400 is made available for
municipal users.

Pierce/Tacoma

Large

N/A

N/A

Optimize Howard Hanson/
Green River System
Operation

More efficient and effective use of
system storage.

Pierce/Tacoma

N/A

None

None

Storage

Drought Resiliency Assessment

REGIONAL WATER FORUM
DROUGHT RESILIENCY EVALUATION
POTENTIAL FUTURE ENHANCEMENT MEASURES
Project
Revise Mud Mountain
Storage Function

Project Description

Location; System

Potential Yield1

Estimated
Cost2

Data
Source/Notes

Establish environmental and
municipal storage on the White
River to enhance supply yield
during drought conditions.

CWA

High

Low

Requires
modification of
federal
operational rules
for flood storage
facility.

Everett-Seattle Intertie

Build 10 miles of pipeline (and a
pump station) between Clearview
Reservoir and the Tolt Eastside
Supply. This would increase supply
reliability and emergency backup
for SPU and Everett.

King-Snohomish; Everett/Seattle

TBD

High

Outlook

Seattle-Tacoma Intertie

Construct a pipeline between SPU’s King-Pierce; Tacoma/Seattle/CWA
Lake Youngs (~10 miles) and
Tacoma’s system.

TBD

High

N/A

Intertie
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REGIONAL WATER FORUM
DROUGHT RESILIENCY EVALUATION
POTENTIAL FUTURE ENHANCEMENT MEASURES
Project

Project Description

Location; System

Potential Yield1

Estimated
Cost2

Data
Source/Notes

Operational
Increase Cedar to Tolt
Transfer Capability

Install direct telemetry link between
SPU’s Maplewood and Lake Hills
pump stations to control surges if
one pump suddenly shuts down.
Allows pump stations to operate at
higher flow rates.

King, SPU

TBD

Low

Supply modeling
results; Lake Hills
Pump Station
Surge Analysis,
CH2M-Hill,
March 1998

Work with the Pulp and Paper mill
in Tacoma’s tide flats to reduce
demands from current
approximately 16 MGD to 10 MGD
or less.

Tacoma

Medium

Medium

Based on 2010
analysis of
potential water
efficiency
measures

Demand Reduction
Pulp Mill Demand
Reduction

Drought Resiliency Assessment

REGIONAL WATER FORUM
DROUGHT RESILIENCY EVALUATION
POTENTIAL FUTURE ENHANCEMENT MEASURES
Project

Project Description

Location; System

Potential Yield1

Estimated
Cost2

Data
Source/Notes

Reclaimed
Brightwater Reclaimed
Water

The Brightwater Reclaimed Water
System started production in 2013.
The South Segment, which runs to
the Sammamish Valley in Redmond
with potential service to the Bothell,
Kirkland, and Woodinville areas.
The facility is permitted for 21 MGD
and can currently distribute
11.5 MGD.

King County

Small

Low

Outlook

West Seattle/Duwamish
Reclaimed Water

SPU and King County have
identified a project to produce
reclaimed water from secondary
effluent in King County’s South
Treatment Plant Effluent Transfer
System (ETS) for year-round
industrial use and seasonal
irrigation water in the
Duwamish/West Seattle area. This
project would require constructing a
polishing plant to produce
reclaimed water and a distribution
system to customers.

King; Seattle

Very small

Medium

Outlook
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REGIONAL WATER FORUM
DROUGHT RESILIENCY EVALUATION
POTENTIAL FUTURE ENHANCEMENT MEASURES
Project

Project Description

Location; System

Potential Yield1

Estimated
Cost2

Data
Source/Notes

South King County Satellite Draw wastewater from the King
Wastewater Plant
County regional wastewater
conveyance system to a new
satellite Class A reclaimed water
treatment plant in South King
County. Potential locations
identified through preliminary
reviews include: Cities of Kent,
Auburn, and Covington.

King; City of Kent, City of Auburn,
or Covington Water District

Small

Medium

Outlook

Chambers Creek
Reclaimed Water

Develop the Chambers Creek
Reclaimed Water Project to use
658 acres of adjacent gravel mine
(purchased by Pierce County
Wastewater Utility) as a site where
reclaimed water from the Chambers
Creek Wastewater Treatment Plant
could be put to beneficial use
including seasonal irrigation of the
golf course.

Pierce; Pierce County Wastewater
Utility

Small

Medium

Outlook

Construct a desalination treatment
plant in north Seattle bordering the
Puget Sound.

King; Seattle

Large

High

Outlook

Desalination
North Desalination

Drought Resiliency Assessment

REGIONAL WATER FORUM
DROUGHT RESILIENCY EVALUATION
POTENTIAL FUTURE ENHANCEMENT MEASURES
Project
South Desalination
(Lakehaven)

Project Description
Construct a desalination plant on
Lakehaven Utility District’s property
adjacent to the Lakota Wastewater
Treatment Plant

Drought Resiliency Assessment

Location; System
King; Lakehaven Utility District

Potential Yield1
Large

Estimated
Cost2
High

Data
Source/Notes
Outlook
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Attachment F
Regional Resiliency Project Water Supplier Survey Results
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Below is the list of utilities that responded to the Drought Team survey. In some cases, multiple
individuals provided responses for a single utility:
City of Gold Bar

Town of Index

City of Issaquah

Cross Valley Water District

City of Sumner

Olympic View Water & Sewer District

City of Bellevue

Sno PUD 1 – Sunday Lake

Woodinville Water District

City of Tukwila

Ames Lake Water Association

Rainier View Water

City of Bonney Lake

Sno PUD 1 – Skylite

Water District 119

Sno PUD 1 – May Creek

Tacoma Water

Sno PUD 1 – Kayak

Mukilteo Water and Wastewater District

Sno PUD 1 – Storm Lake

Lakewood Water District

Sno PUD 1 – Lake Stevens

King County Water District #125

City of Kirkland

City of Snohomish

Sammamish Plateau Water & Sewer District

Highland Water District

City of Enumclaw

City of Marysville

Alderwood Water & Wastewater District

City of Sultan

City of Lynnwood

Lakehaven Utility District

Northshore Utility District

Startup Water District

Wilderness Ridge Community Club

City of Everett

City of Buckley

Mt. View – Edgewood Water Company

Wilderness Rim Association

City of Redmond

City of Snoqualmie

Big Bend Landowners Association

NE Sammamish Sewer & Water
Soos Creek Water & Sewer District

Drought Resiliency Assessment

2015 Regional Resiliency Project Survey

Q1 Your Utility and Contact Information
Answered: 52

Skipped: 1

Answer Choices

Responses

Your name

100.00%

52

Your Utility

98.08%

51

Address

96.15%

50

Address 2

15.38%

8

City/Town

100.00%

52

State

100.00%

52

Zip

98.08%

51

Country

96.15%

50

Your email

98.08%

51

Your phone

98.08%

51
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Q2 Please list total number of connections
for your utility as listed on the Water
Facilities Inventory (WFI)
Answered: 50

Skipped: 3
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2015 Regional Resiliency Project Survey

Q3 Your Source of Supply (Check all that
apply)
Answered: 52

Skipped: 1

Self-supplied
groundwater ...

Self-supplied
surface water

Wholesale
groundwater

Wholesale
surface water

0%

10%

20%

30%

40%

Answer Choices

50%

60%

70%

80%

90% 100%

Responses

Self-supplied groundwater / wells

61.54%

32

Self-supplied surface water

17.31%

9

Wholesale groundwater

5.77%

3

Wholesale surface water

50.00%

26

Total Respondents: 52
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Q4 Please rate your concern for each of the
following risks:
Answered: 52

Skipped: 1

Climate Change

Drought

Earthquake

Treated,
Untreated, o...

0

1

2

3

a little
Climate Change

Drought

Earthquake

Treated, Untreated, or Distributed Water Quality Disruption

4

5

6

7

moderate

significant

42.31%
22

46.15%
24

11.54%
6

0.00%
0

21.57%
11

62.75%
32

13.73%
7

3.85%
2

5.77%
3

11.54%
6

34.62%
18

4 / 19

major

8

N/A

9

10

Total

Weighted Average

0.00%
0

52

1.69

1.96%
1

0.00%
0

51

1.96

53.85%
28

36.54%
19

0.00%
0

52

3.23

36.54%
19

17.31%
9

0.00%
0

52

2.60

2015 Regional Resiliency Project Survey

Q5 Please assess your preparedness for
adverse events:
Answered: 52

Skipped: 1

Climate Change

Drought

Earthquake

Treated,
Untreated, o...

0

1

2

3

a little
Climate Change

Drought

Earthquake

Treated, Untreated, or Distributed Water Quality
Disruption

4

somewhat

5

very

6

7

8

extremely
well

9

N/A

10

Total

Weighted
Average

46.15%
24

32.69%
17

11.54%
6

3.85%
2

5.77%
3

52

1.71

21.15%
11

50.00%
26

23.08%
12

3.85%
2

1.92%
1

52

2.10

30.77%
16

44.23%
23

23.08%
12

0.00%
0

1.92%
1

52

1.92

15.38%
8

32.69%
17

44.23%
23

7.69%
4

0.00%
0

52

2.44
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Q6 What preparation is in place for such
events (Select all that apply)
Answered: 52

Skipped: 1

Emergency /
backup water...
Backup power
at key sources
Emergency
disinfection...
Active
interties
Emergency
interties
Demand
management /...

None

0%

10%

20%

30%

40%

Answer Choices

50%

60%

70%

80%

90% 100%

Responses

Emergency / backup water supplies

48.08%

25

Backup power at key sources

86.54%

45

Emergency disinfection for all sources

34.62%

18

Active interties

48.08%

25

Emergency interties

63.46%

33

Demand management / curtailment / water shortage contingency plan

69.23%

36

None

3.85%

2

Total Respondents: 52
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Q7 What one additional measure would
best improve your preparedness? (Select
one)
Answered: 48

Skipped: 5

Emergency /
backup water...

Backup power
at key sources

Emergency
disinfection...

Active
interties

Emergency
interties

Demand
management /...

0%

10%

20%

30%

40%

Answer Choices

50%

60%

70%

80%

90% 100%

Responses

Emergency / backup water supplies

39.58%

19

Backup power at key sources

4.17%

2

Emergency disinfection for all sources

20.83%

10

Active interties

2.08%

1

Emergency interties

16.67%

8

Demand management / curtailment / water shortage contingency plan

16.67%

8

Total

48
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Q8 Climate Change: Please rate 1 - 8 with 1
being the most vulnerable
Answered: 45

Skipped: 8

Raw Water
Supply...

Wells

Supply Lines

Treated Water
Reservoirs /...

Pumping

Transmission
Mains
Distribution
Mains

Service Lines

0

1

1

2

2

3

3

4

4

5

5

6

6

7

7

8

9

8

10

N/A

Total

Score

35.56%
16

4.44%
2

2.22%
1

2.22%
1

2.22%
1

0.00%
0

2.22%
1

0.00%
0

51.11%
23

45

7.23

40.00%
18

17.78%
8

0.00%
0

2.22%
1

2.22%
1

4.44%
2

0.00%
0

0.00%
0

33.33%
15

45

7.17

2.22%
1

6.67%
3

13.33%
6

13.33%
6

8.89%
4

2.22%
1

4.44%
2

0.00%
0

48.89%
22

45

5.13

Treated Water Reservoirs /
Tanks

2.22%
1

24.44%
11

17.78%
8

4.44%
2

0.00%
0

4.44%
2

0.00%
0

0.00%
0

46.67%
21

45

6.21

Pumping

2.22%
1

6.67%
3

15.56%
7

15.56%
7

6.67%
3

2.22%
1

4.44%
2

0.00%
0

46.67%
21

45

5.21

6.67%
3

2.22%
1

4.44%
2

8.89%
4

17.78%
8

6.67%
3

4.44%
2

0.00%
0

48.89%
22

45

4.70

2.27%
1

2.27%
1

4.55%
2

2.27%
1

11.36%
5

20.45%
9

9.09%
4

0.00%
0

47.73%
21

44

3.78

0.00%
0

2.27%
1

2.27%
1

4.55%
2

4.55%
2

4.55%
2

18.18%
8

13.64%
6

50.00%
22

44

2.68

Raw Water Supply Reservoirs

Wells

Supply Lines

Transmission Mains

Distribution Mains

Service Lines
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Q9 Drought: Please rate 1 - 8 with 1 being
the most vulnerable
Answered: 46

Skipped: 7

Raw Water
Supply...

Wells

Supply Lines

Treated Water
Reservoirs /...

Pumping

Transmission
Mains
Distribution
Mains

Service Lines

0

1

1

2

2

3

3

4

4

5

5

6

6

7

7

8

9

8

10

N/A

Total

Score

43.48%
20

4.35%
2

2.17%
1

2.17%
1

2.17%
1

0.00%
0

0.00%
0

2.17%
1

43.48%
20

46

7.31

37.78%
17

22.22%
10

2.22%
1

6.67%
3

2.22%
1

0.00%
0

0.00%
0

0.00%
0

28.89%
13

45

7.22

4.44%
2

6.67%
3

6.67%
3

4.44%
2

20.00%
9

4.44%
2

4.44%
2

0.00%
0

48.89%
22

45

4.83

Treated Water Reservoirs /
Tanks

2.22%
1

35.56%
16

20.00%
9

2.22%
1

0.00%
0

0.00%
0

0.00%
0

0.00%
0

40.00%
18

45

6.63

Pumping

0.00%
0

6.67%
3

24.44%
11

17.78%
8

2.22%
1

4.44%
2

4.44%
2

2.22%
1

37.78%
17

45

5.07

4.44%
2

2.22%
1

8.89%
4

17.78%
8

6.67%
3

8.89%
4

4.44%
2

0.00%
0

46.67%
21

45

4.79

0.00%
0

0.00%
0

2.22%
1

4.44%
2

15.56%
7

26.67%
12

11.11%
5

0.00%
0

40.00%
18

45

3.33

0.00%
0

2.22%
1

0.00%
0

4.44%
2

4.44%
2

11.11%
5

22.22%
10

13.33%
6

42.22%
19

45

2.54

Raw Water Supply Reservoirs

Wells

Supply Lines

Transmission Mains

Distribution Mains

Service Lines
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Q10 Earthquake: Please rate 1 - 8 with 1
being the most vulnerable
Answered: 45

Skipped: 8

Raw Water
Supply...

Wells

Supply Lines

Treated Water
Reservoirs /...

Pumping

Transmission
Mains
Distribution
Mains

Service Lines

0

1
Raw Water Supply Reservoirs

Wells

Supply Lines

Treated Water Reservoirs /
Tanks
Pumping

Transmission Mains

Distribution Mains

Service Lines

1

2

2

3

3

4

4

5

5

6

6

7

7

8

9

8

10

N/A

Total

Score

6.67%
3

11.11%
5

8.89%
4

2.22%
1

2.22%
1

6.67%
3

8.89%
4

6.67%
3

46.67%
21

45

4.67

8.89%
4

2.22%
1

4.44%
2

15.56%
7

22.22%
10

8.89%
4

6.67%
3

4.44%
2

26.67%
12

45

4.42

23.26%
10

6.98%
3

20.93%
9

18.60%
8

4.65%
2

6.98%
3

6.98%
3

2.33%
1

9.30%
4

43

5.62

11.36%
5

22.73%
10

13.64%
6

15.91%
7

15.91%
7

9.09%
4

2.27%
1

0.00%
0

9.09%
4

44

5.58

2.27%
1

4.55%
2

9.09%
4

13.64%
6

22.73%
10

25.00%
11

13.64%
6

2.27%
1

6.82%
3

44

3.95

22.73%
10

27.27%
12

11.36%
5

18.18%
8

9.09%
4

2.27%
1

2.27%
1

0.00%
0

6.82%
3

44

6.22

25.00%
11

15.91%
7

22.73%
10

6.82%
3

15.91%
7

6.82%
3

6.82%
3

0.00%
0

0.00%
0

44

5.80

0.00%
0

4.44%
2

8.89%
4

8.89%
4

8.89%
4

22.22%
10

26.67%
12

13.33%
6

6.67%
3

45

3.19
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Q11 Water Quality (Treated, Untreated and
Distribution) Disruption: Please rate 1 - 8
with 1 being the most vulnerable
Answered: 45

Skipped: 8

Raw Water
Supply...

Wells

Supply Lines

Treated Water
Reservoirs...

Pumping

Transmission
Mains
Distribution
Mains

Service Lines

0

1
Raw Water Supply Reservoirs

Wells

Supply Lines

Treated Water Reservoirs
/Tanks
Pumping

Transmission Mains

Distribution Mains

Service Lines

1

2

2

3

3

4

4

5

5

6

6

7

7

8

9

8

10

N/A

Total

Score

20.00%
9

8.89%
4

4.44%
2

4.44%
2

6.67%
3

4.44%
2

4.44%
2

2.22%
1

44.44%
20

45

5.80

8.89%
4

15.56%
7

13.33%
6

8.89%
4

6.67%
3

4.44%
2

6.67%
3

4.44%
2

31.11%
14

45

5.26

8.89%
4

13.33%
6

17.78%
8

8.89%
4

8.89%
4

15.56%
7

6.67%
3

2.22%
1

17.78%
8

45

5.03

28.89%
13

22.22%
10

8.89%
4

20.00%
9

8.89%
4

2.22%
1

2.22%
1

0.00%
0

6.67%
3

45

6.29

4.55%
2

4.55%
2

11.36%
5

9.09%
4

2.27%
1

15.91%
7

29.55%
13

11.36%
5

11.36%
5

44

3.49

0.00%
0

8.89%
4

22.22%
10

33.33%
15

17.78%
8

6.67%
3

2.22%
1

0.00%
0

8.89%
4

45

5.02

26.67%
12

8.89%
4

8.89%
4

11.11%
5

24.44%
11

11.11%
5

6.67%
3

0.00%
0

2.22%
1

45

5.41

2.22%
1

17.78%
8

8.89%
4

2.22%
1

17.78%
8

22.22%
10

8.89%
4

6.67%
3

13.33%
6

45

4.26

11 / 19

2015 Regional Resiliency Project Survey

Q12 What weather patterns most adversely
impact your supplies? Please rate 1 to 6,
with 1 having the greatest impact on your
supplies. Please check the N/A box to the
right if the weather pattern has no impact
on your system.
Answered: 45

Skipped: 8

Hot, dry summer

Warm, dry
spring

Multi-year
reduced...

Warm, dry fall

Low snowpack

High intensity
storm event...

0

1

2

1
Hot, dry summer

Warm, dry spring

Multi-year reduced precipitation

Warm, dry fall

Low snowpack

High intensity storm event (wind and rain)

3

4

2

3

5

6

4

7

5

8

6

9

10

N/A

Total

Score

16.28%
7

20.93%
9

20.93%
9

20.93%
9

9.30%
4

2.33%
1

9.30%
4

43

4.08

4.55%
2

11.36%
5

31.82%
14

27.27%
12

4.55%
2

4.55%
2

15.91%
7

44

3.65

36.36%
16

25.00%
11

9.09%
4

9.09%
4

9.09%
4

2.27%
1

9.09%
4

44

4.70

0.00%
0

6.82%
3

15.91%
7

13.64%
6

40.91%
18

6.82%
3

15.91%
7

44

2.70

18.18%
8

15.91%
7

11.36%
5

11.36%
5

9.09%
4

18.18%
8

15.91%
7

44

3.62

15.91%
7

13.64%
6

0.00%
0

2.27%
1

13.64%
6

43.18%
19

11.36%
5

44

2.72
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Q13 Are there other weather patterns that
impact your supply / demand not listed
above?Please describe
Answered: 15

Skipped: 38
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Q14 Have you ever had your groundwater
supply not recover after seasonal
recharge?
Answered: 48

Skipped: 5
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Q15 Have you ever implemented emergency
or drought reduction / curtailment demand
strategies?
Answered: 47

Skipped: 6

Yes

No

0%

10%

20%

30%

40%

Answer Choices

50%

60%

70%

80%

90% 100%

Responses

Yes

29.79%

14

No

70.21%

33

Total

47

15 / 19

2015 Regional Resiliency Project Survey

Q16 Do you have any related data (i.e. water
shortage contingency plan) that you would
like to share?
Answered: 45

Skipped: 8
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Q17 Do you have any digital mapping
available for your water system you would
like to share?
Answered: 46

Skipped: 7
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Q18 What additional information would help
you be better prepared?Please list:
Answered: 11

Skipped: 42
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Q19 Would you like to continue to engage in
regional water resiliency preparedness in
the future? Please check all that apply
Answered: 42

Skipped: 11
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Total Respondents: 42

19 / 19

