City of Yelm
Water Right Mitigation Plan

Mitigation for City of Yelm Water Right Applications:

G2-29084 - Priority Date January 10, 1994
G2-29085 - Priority Date January 10, 1994
G2-29086 - Priority Date January 10, 1994

For Additional Information Please Contact:

Shelly Badger

Yelm City Administrator
shellyb@ci.yelm.wa.us
(360) 458-8405

October 2008



October 2008

Table of Contents

SECTION 1 INTRODUCTION ...coiiiiiiiiieitese st 4
1.1 A Phased Approach to Water System Expansion and Mitigation...............c.ccccceevennene. 4
1.2 Environmental StewardShip .........coooooiiiiiiiee 4
13 Yelm’s EXISTING SOUICE ......eeueiiiieeieeie ettt 4
14 Planned SW Yelm WelIfield.........ccooviiiiiiiiccc e 5
15 Existing Water Rights and Water Right Applications ............cccceveiiiiinincniicicens 6

SECTION 2 FUTURE WATER USE - PLANNED WELLFIELD FACILITIES AND

OPERATIONS ...ttt sttt et e e ste e nseneenenseneas 8

2.1 22103 (0 ] {00 T USSP 8

2.2 Projected Phased Wellfield Development ... 8

2.3 Wellfield Layout and Capacities..........ceviiiiiiiiiiieie et 11

24 Qa, Seasonal Pumping, and Peak Monthly Pumping Rates.............cccvevrineneieinennns 11

SECTION 3 PREDICTED WATER RESOURCE IMPACTS.......coiiiirineee e 13

3.1 Water BOdies Of INTEIESE .......ccvviieieieciee e 13

3.2 Numerical Model of Groundwater SYSIEM ..........cccooeiiiiieiireeere e 14

3.2.1 Modeling APPrOACH .......cciieieieeie e 14

3.2.2  Model BaCKground...........cccooiiieieiieiienecie e 14

3.2.3 Calculation of Surface Water Depletions ..........c.ccccevvvevevieeineresieennnns 15

3.2.4 Model Domain and Boundary Conditions...........ccceveeveiieneniieniennnens 15

3.2.5 Model Accuracy for Predicting Small Depletions............cccccvevviieennnne 15

3.2.6 Predicted Impacts on Modeled Surface Water Bodies ...........ccccueeeee. 16

3.2.7 Potential Impacts on Nearby Wells and Springs..........cccceevevevereiivennnns 20

3.2.8  CUMUIALIVE CASE .....veiveeiieiieiie sttt 21

SECTION 4 MITIGATION PROGRAM.......cotiiiiiitiietnese e 23

4.1 Regional PartiCIPALION. ...........uiiiiiiieiieeeese e 23

4.2 Mitigation APPrOACH........oi i e 23

4.2.1 Water Right Acquisition as Mitigation ...........ccccevvvinenenicneniseene 24

4.3 Mitigation Strategy by Water BOUY .........ccooeiieiieeie e 24

4.3.1  NISQUAITY RIVEN ..c.eeiiicii e 24

4.3.2 McAllister Springs and McAllister Valley ...........ccccovevinieinicnnnne. 26

4.3.3  YEIM CrEEK ..coveiiiiciesi s 27

4.3.4 Tri-Lakes and Woodland CreeK..........ooeieviiniiiiiii e 29

4.3.5 Deschutes River and TribULArIES.........ccocvviviiiiiiinee s 30

4.4 Adaptive ManagemMENT.........couiiiiiiiieiieieeee bbb 32

SECTION S CONCLUSIONS ... ..o 33

SECTION 6 REFERENCES........c.cco ittt s 34
Final Water Right Mitigation Plan 1

City of Yelm



TABLES

Table 1-1:
Table 1-2:
Table 2-1:
Table 2-2:
Table 2-3:
Table 2-4:
Table 3-1:
Table 3-2:
Table 3-3:
Table 3-4:
Table 3-5:
Table 4-1:
Table 4-2:
Table 4-3:
Table 4-4:
Table 4-5:

FIGURES

October 2008

Current Water Right Applications for Groundwater Submitted by Yelm 6

Phased Water System Development for the City of Yelm 7

Demand Forecasts by Year 9

Projected Water Demands Compared with Current Water Rights 10
Summary of Modeling Phases and Pumping Rates 10
Yelm Seasonal Pumping Distribution 12
Regulatory Status of Key Water Bodies in WRIAs 11 and 13 13
Predicted Changes in Groundwater Discharge versus New Baseline for Phase 1~ 16
Predicted Changes in Groundwater Discharge versus New Baseline for Phase 2~ 17
Predicted Changes in Groundwater Discharge versus New Baseline for Phase 3~ 18
Predicted Changes in Groundwater Discharge versus New Baseline for Phase 4 19
Phased Nisqually River Mitigation Strategy 26
Phased McAllister Valley Mitigation Strategy 27
Phased Yelm Creek Mitigation Strategy 29
Phased Mitigation Strategy for Woodland Creek Basin (including Tri-lakes) 31
Phased Mitigation Strategy for Deschutes River and Tributaries 33

All figures are located at the end of the section in which they are referenced.

Figure 1-1:

Figure 3-1:
Figure 3-2:
Figure 3-3:
Figure 3-4:
Figure 3-5:
Figure 3-6:
Figure 3-7:
Figure 3-8:
Figure 3-9:
Figure 3-10:

Location of Planned SW Yelm Wellfield, Yelm’s Current Wells and Other Key
Features

Major Features of the McAllister Groundwater Model

McAllister Model Water Budget Analysis

Predicted Impacts to Groundwater Discharge to Yelm Creek

Predicted Impacts to Groundwater Discharge to the Nisqually River at RM4.3
Predicted Impacts to Groundwater Discharge to the Deschutes River at Tumwater
Predicted Impacts to Groundwater Discharge to the McAllister Valley
Predicted Impacts to Groundwater Discharge to the Woodland Creek Basin
Model-Predicted Maximum Drawdown in the QGA Aquifer-Phase 4
Model-Predicted Maximum Drawdown in the QPG Aquifer —Phase 4
Model-Predicted Maximum Drawdown in the TQU Aquifer-Phase 4

APPENDICES

Appendix A:  Future Demand/Supply Forecast and Groundwater Modeling for Mitigation Planning

Appendix B:  Groundwater Modeling of New Water Right and Transfer Applications — City of Yelm,
Washington

Appendix C:  McAllister Wellfield Model: Comprehensive Pumping Scenario for Cities of Olympia,
Lacey, and Yelm

Appendix D:  Chapters 173-511 and 173-513 Washington Administrative Code

Appendix E:  Partnerships and Agreements

Final Water Right Mitigation Plan 2

City of Yelm



October 2008

ABBREVIATIONS AND ACRONYMS

ac-ft/yr acre-feet per year

AFY acre-feet per year

cfs cubic feet per second

City City of Yelm

DOH Washington State Department of Health
Ecology Washington State Department of Ecology
FERC Federal Energy Regulatory Commission
GMA Growth Management Act

gpm gallons per minute

Mgd Million gallons per day

MOA Memorandum of Agreement

MISF Minimum Instream Flows

MPC Master Planned Community (Thurston Highlands)
NRCC Nisqually River Coordinating Committee
Qa annual water right

Qi peak daily (instantaneous) water right
Qga Advance Vashon Outwash (Qga)

Qpg Pre-Vashon Gravel Aquifer

RM River Mile

SEPA State Environmental Policy Act

SSPA S.S. Papadopulos & Associates

TQu Undifferentiated Tertiary Aquifer

USGS U.S. Geological Survey

WAC Washington Administrative Code

WRIA Water Resources Inventory Area

UNIT CONVERSIONS

1 cfs = 448.8 gpm = 646,272 gallons/day = 723.9 ac-ft/yr

1 acre-foot = 43,560 cubic feet = 325,872 gallons

1 mgd = 694 gpm

1 acre = 43,560 sq.ft

1 cubic foot = 7.481 gallons
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Section 1

Introduction

The City of Yelm (the City) has developed this Mitigation Plan in support of their water right applications
Nos. G2-29084, G2-29085 and G2-29086, submitted to the Washington State Department of Ecology
(Ecology) with a priority date of January 10", 1994. This Mitigation Plan presents a summary of
mitigation actions proposed by the City to address groundwater and surface water depletions that are
predicted to occur in the Nisqually and Deschutes River Basins through 2037 as a result of future
pumping associated with the three subject water right applications.

Current water demand forecasts recently completed as part of the update to the City’s 2002 Water System
Plan suggest that the City will need to secure additional water rights by 2010 to continue to meet its
obligations under the Growth Management Act. This Mitigation Plan establishes a commitment to
mitigate impacts that are expected to result from these new water rights for each phase of the City’s future
water system development. It is assumed that the water rights requested by the City of Yelm, once
approved by Ecology, will be conditioned on mitigation that will be provided in phases concurrent with
the City’s water system expansion.

The City of Yelm has worked alongside its partners in the McAllister-Yelm Sub-basin (the Nisqually
Indian Tribe and the Cities of Olympia and Lacey) to address water-related issues and water right
applications throughout the entire watershed planning process. Hydrologic impacts resulting from the
cumulative pumping by all of the Cites have been modeled, and opportunities for joint mitigation are
being discussed and implemented. However, this Mitigation Plan addresses only the City of Yelm’s water
rights and mitigation requirements and strategies.

1.1 A Phased Approach to Water System Expansion and Mitigation

As part of its long-term water management program, the City is requesting approval of water right
applications conditioned on the phasing of related mitigation over time. Phasing of mitigation also reflects
phasing of capital improvement projects that are associated with the transfer of Yelm’s water supply from
shallow downtown-area wells to deeper wells in the planned SW Yelm Wellfield. The transfer of Yelm’s
water supply source will ultimately result in environmental benefits to the Yelm Creek Sub-basin of the
Nisqually Watershed. This phased approach is described in more detail below, in Sections 2 and 4, and
in Appendix A.

1.2 Environmental Stewardship

The City of Yelm is recognized statewide for its exceptional conservation and reclaimed water programs,
both of which are unusual for a City of its size (2008 population of 5,150). The City’s plans to expand its
water system to accommodate future growth will also provide long-term hydrologic benefits to the
McAllister-Yelm Sub-basin. As the City transitions from the shallow downtown-area wells to the deeper,
regional groundwater system at the planned SW Yelm Wellfield, it is expected that flows in Yelm Creek
will increase.

1.3 Yelm’s Existing Source

Since 1950, the City’s water has been supplied by two primary wells (Wells 1A and 2) located in the
downtown area of Yelm (Figure 1-1). Since 2001, both of these wells have been upgraded to provide
additional pumping capacity and redundancy for Yelm’s growing community. These wells are relatively
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shallow (less than 100 feet deep) and draw water from the highly productive Advance Vashon Outwash
(Qga) aquifer.

The City has also been working to develop a replacement well at the Tahoma Valley Golf and Country
Club. This well will inter-tie with the City’s existing water system. The addition of this new well will
provide additional infrastructure and water right capacity to help meet the City’s future demand.

1.4 Planned SW Yelm Wellfield

In conjunction with its watershed partners, the City used a numerical groundwater flow model to evaluate
the effects of water rights transfers and the development of the planned SW Yelm Wellfield. This model
evaluated the potential hydrologic impacts of transferring groundwater withdrawals from the existing,
shallow downtown wells to a deeper groundwater source located in the southwest portion of Yelm
currently known as the Thurston Highlands Master Planned Community (MPC). The groundwater flow
model used is a sophisticated and complex tool originally developed for the City of Olympia (CDM
2002a, 2002b) to characterize the hydrogeologic dynamics of the area and predict hydrologic impacts.
The City of Yelm has participated with the Cities of Lacey and Olympia in updating and refining the
groundwater model for purposes of hydrologic impact analysis in the McAllister-Yelm Sub-basin. Section
3.2.2 provides additional details on the groundwater model.

The modeling analyses of Yelm’s future pumping scenarios completed by Golder for this Mitigation Plan
indicate hydraulic interaction between the City’s current and future proposed water supply aquifers and
surface water bodies in the Nisqually and Deschutes Water Resource Inventory Areas (WRIAs 11 and 13)
Groundwater modeling of the phased water system expansion indicates both positive and negative
impacts to the various water bodies. However, the City believes that the model conservatively predicts
(i.e., tends to over-predict) the effects of pumping the water rights associated with the City’s current
applications.

The most current model results (Golder, 2008b), summarized in Section 3.2 and Appendix A of this plan,
show that reducing or eliminating production in the downtown Yelm area and moving the future City
supply to the planned SW Yelm Wellfield will significantly benefit flow in Yelm Creek and subsequently
in the downstream reaches in the Nisqually River. Most notably, flows in Yelm Creek will increase
during August and September which are typically the driest months.

Groundwater pumping at the planned SW Yelm Wellfield is also predicted to cause flow depletions in
other parts of WRIA 11 and 13 during some phases of the City’s water system expansion. These consist
of:

e The Upper McAllister Valley

e The Nisqually River Valley (including Yelm Creek)

e The Woodland Creek Sub-basin (including Hicks, Long and Pattison Lakes), and

e The Deschutes River and tributaries.

Because the City’s phased approach to future groundwater development includes both water rights

transfers and expanded supply capacity through the addition of new wells, some of the predicted
depletions to these surface water features are temporary and all depletions vary seasonally.

Given that the predicted impacts of pumping at the SW Yelm Wellfield cross jurisdictional boundaries,
the City has collaborated with the Cities of Olympia and Lacey, the Nisqually Indian Tribe and the
Squaxin Island Tribe, to form a multi-party approach to managing and mitigating water resources within
the two watersheds (WRIA 11 and WRIA 13). As part of this multi-party approach to water resource
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management and mitigation, several formal agreements that define mitigation responsibilities and
possible joint mitigation opportunities are currently being developed. These shared mitigation
responsibilities are explained in Section 4. The City’s agreements or forthcoming agreements with other
parties are provided in Appendix E.

1.5 Existing Water Rights and Water Right Applications

As part of long range planning addressing the City’s future water needs and planned development of a
large master planned community, three water right applications (G2-29084, G2-29085 and G2-29086)
were submitted to the Department of Ecology with a priority date of January 10, 1994 (Table 1-1). These
applications consist of two, 3,000 gallons per minute (gpm) municipal use rights and one 1,500 gpm right,
for a total instantaneous limit (Qi) of 7,500 gpm. Together, the three applications request 10,000 acre-feet
per year of water for municipal supply. This annual quantity represented the City’s projected long-range
potable water demand at the time.

Priority Date Application Qi Application Qa
Application # Source (gpm) (ac-ft/yr)
G2-29084 1/10/94 3wells 1,500 3,000
G2-29085 1/10/94 3 wells 3,000 3,500
G2-29086 1/10/94 3 wells 3,000 3,500

Due to the City’s exceptional conservation and reclaimed water programs, the current long-term demand
projection for potable supply is estimated to be 4,186 acre-feet per year (ac-ft/yr), occurring in
approximately 2037. This quantity is significantly less than that originally anticipated in the three
applications when they were submitted in 1994. The City’s existing water rights (after completion of the
McMonigle transfer) authorize total annual pumping of 952 ac-ft/yr, leaving 3,234 ac-ft/yr of new water
rights needed to serve long-range demands through 2037. Table 1-2 describes the City’s phased water
system development, current water rights, and the new water rights required for each phase based on
current demand forecasts.

The demand forecast is prepared in units of ac-ft/yr, or Qa annual demand volumes. To assess the
appropriate Qi that should be associated with the forecasted total volume of 4186 ac-ft/yr, the City
evaluated the relationship between Qa and Qi using historic pumping records. This method (described in
Appendix A) results in an estimated Qi of 5,666 gpm. This value validates the Qi developed for the
phased supply development/mitigation approach that is based on the number of wells with an assumed
capacity (8 wells at 750 gpm each for 6,000 gpm total). The City will move forward planning for 4186
total annual demand (Qa) in approximately 2037, with an associated Qi of 6,000 gpm. The new water
rights required to achieve this total is 3234 ac-ft/yr, and the Qi associated with this additionally required
annual demand is approximately 3,200 gpm. The actual Qi may be slightly higher or lower at different
development phases depending on actual well yield.

The City intends to maintain the infrastructure at the downtown wells after their water rights have been
transferred to the SW Yelm Wellfield to provide emergency backup to the Wellfield in the event of a
catastrophe or other temporary service interruption.
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Section 2

Future Water Use - Planned Wellfield Facilities
and Operations

2.1 Background

The planned SW Yelm Wellfield location is shown in Figure 1-1. The City’s plan to phase their water
system development is based on a comprehensive analysis of 30 year water needs. Table 2-1 and
Appendix A provide demand forecasts over the 30 year planning horizon. The City will develop the
wellfield in four phases, adding new wells to the supply system and transferring existing pumping from
the downtown area to the planned Wellfield while still meeting increasing demand. The City will also
implement mitigation actions to offset the impacts resulting from each phase. Yelm’s phasing plan is
based on two primary drivers:

1. The need to address forecasted supply shortfalls with new water system capacity, and;
2. The City’s goal of transferring pumping from wells in the downtown area to new deep wells over
the next several years.

The City’s existing wells are completed in a highly productive portion of the Qga aquifer located near
Yelm Creek. Consequently, the City’s historic supply source for the City is likely in direct hydraulic
connection with surface water, and current pumping practices are likely to have a direct and relatively
immediate impact on surface waters. In 2005, the City investigated the presence of a deeper portion of the
aquifer system located southwest of the City (Golder, 2006). The purpose of that investigation was to
explore deeper portions of the aquifer system away from Yelm Creek and the Nisqually River. The test
well intercepted a portion of the regional, undifferentiated Tertiary (TQu) aquifer, and subsequent testing
and numerical groundwater flow modeling show that the investment in new supply infrastructure and
supporting water rights will allow Yelm to re-distribute the impacts of the City’s withdrawals in a way
that is more sustainable and beneficial for overall Nisqually Watershed health.

2.2 Projected Phased Wellfield Development

The City’s 2009-2015 Comprehensive Water System Plan will be finalized in the spring of 2009.
Portions of that work have been incorporated into the current water rights, mitigation and capital
improvements planning process. Brown and Caldwell developed a forecast that extends to 2037 (30
years). The demand forecast portion of Brown and Caldwell’s work has been made available for this
Mitigation Plan, and is provided along with the Qi forecast in Table 2-1.
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Table 2-1
Demand Forecast by Year

Qa(Z) Qa (3) Qi(4)
Year Average Annual Peak Day C value®
Pumping Pumping
ac-ftiyr gpm gpm
2006 766 475 1,249 3.11e-5
2007 731 453 1,059 2.74e-5
2008 819® 508 1,109 2.93e-5 (avg 2006-07)
2009 843 523 1,141
2010 (phase 1) 1,085 673 1,469
2011 1,187 736 1,607
2012 1,310 807 1,761
2013 (phase 2) 1,410 874 1,909
2015 1,629 1,010 2,205
2018 (phase 3) 1,987 1,232 2,690
2020 2,228 1,381 3,016
2025 (phase 4) 2,737 1,697 3,705
2030 3,350 2,077 4,534
2035 3,945 2,446 5,340
2037 4,181 2,595 5,666

Notes:

(1) Actual data were used for 2006 and 2007.

(2) B&C annual forecast demand

(3) B&C forecast demand (Qa) converted to average rate (in gpm) over the year.

(4) Peak day pumping

(5) Correlation coefficient (C) was developed to establish relationship between peak day and month and used to predict
the Qi associated with the peak month (August) through the forecast period.

(6) Actual 2008 use is currently projected to be 755 ac-ft. The 819 ac-ft/yr value referenced above is forecast based on
conservative assumptions.

(7) The 4181 ac-ft/yr forecast provided by Brown and Caldwell validates the 4,186 ac-ft/yr modeled to assess impacts.

This forecast indicates that a Qi of 5,666 gpm is associated with the peak day pumping rate in 2037. The
4181 ac-ft/yr forecast provided by Brown and Caldwell closely matches the early projection of 4186 ac-
ft/yr demand that was used in the modeling process. In addition, the 5,666 gpm Qi estimate validates the
6,000 gpm Qi associated with the eight wells projected in the water supply development plan and phased
mitigation approach. The City will move forward planning for 4186 ac-ft/lyr Qa forecast for
approximately 2037, and an associated Qi of 6,000 gpm.

The forecast demand through 2010 is compared to existing and expected water rights transfers in Table 2-
2 below. This comparison highlights that Yelm will require additional (new) water rights to meet the
demand forecast by 2010.

Final Water Right Mitigation Plan 9
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Year Existing Water New water Total Water Annual Excess/Deficit
Rights Rights Rights Demand Capacity
(Forecast)
+155.66
+77

20079 676 -112 796.66 730.5W 66.2
2008® 796.66 +155.61 952.27 8199 133.3

2009 952.27 0 952.27 843® 109.3

2010 952.27 0 952.27 1,085® -132.7

Notes: All units are ac-ft/yr

@ 2007 measured annual demand.

@ Actual 2008 use is currently projected to be 755 AF. The 819 ac-ft/yr value referenced above is forecast based on
conservative assumptions.

®  Based on average annual demand projections prepared by Brown and Caldwell, July 2008.

®  2007: Added Dragt at 155.66 ac-ft/yr and Nisqually Golf Course at 77 ac-ft/yr (approved). Removed 112 ac-ft/yr due to
Ecology 2007 recalculation of City of Yelm’s historic water rights

® 2008: Added McMonigle at 155.61 ac-ft/yr (pending).

In addition to the new water rights, the City intends to shift the location of downtown pumping from the
shallow aquifer to the planned SW Yelm Wellfield to lessen the impacts of pumping on the Nisqually
River and provide positive benefits to Yelm Creek. The phases of combined transfer and new water rights
are described in Table 1-2. Table 2-3 shows the distribution of pumping, location of pumping, peak
(modeled) monthly pumping rates, and system capacity for each of the modeled phases.

Scenario Downtown Wells New Nisq GC Well SW Yelm Wellfield Wells
Peak Peak Peak Peak
Annual Month Annual Month Annual Month Capacit
ac-ft/yr | Modeled | ac-ft/yr Modeled ac-ftlyr Modeled gppm y
gpm gpm gpm
New Baseline 719.66 7470 232.61 2420 - - -
Phase 1 (2010-12) 719.66 7479 232.61 2420 554 575 750
Phase 2 (2013-17) - - 232.61 2420 1,662 1,721 2,250
Phase 3 (2018-24) - - - - 2,770 2,876 3,750
Final Phase (2025-37) - - - - 4,186 4,334 6,000

Notes: (1) — Actual pumping capacity is higher. The model simulates average monthly pumping rates for the peak month
(August).

In the first phase of development (in 2010), one new well is planned to be installed in the SW Yelm
Wellfield to meet a projected supply shortfall. Pumping at the City’s existing downtown wells and the
new Golf Course well will continue during Phase 1. Phase 2 is scheduled to be implemented in 2013,
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when two additional new wells are added in the Wellfield, and the pumping from the City two downtown
wells (Wells 1 and 2) is transferred to the new Wellfield. The pumping at the Nisqually Golf Course well
is planned to continue through Phase 2.

Phase 3 is scheduled to be implemented in 2018, and will consist of two additional wells in the SW Yelm
Wellfield (for a total of five), and the transfer of pumping from the Nisqually Golf Course Well to the
Wellfield. Phase 4 adds three additional new wells to the SW Yelm Wellfield in 2025 to meet the
modeled 2037 demand of 4,186 ac-ft/yr (Qa).

Table 2-3 shows the expected schedule of wellfield development and the corresponding production needs
at each phase. As discussed in Section 1.5, substantial planning and refinement of demand forecasts have
taken place since submittal of Applications Nos. G2-29084, G2-29085 and G2-29086. The phases
described in Table 1-2 and 2-3 are based on the City’s current estimates of future demands, and are not
related to the phases identified in correspondence from the January 1994 applications.

The City intends to fully mitigate the predicted impacts of SW Yelm Wellfield pumping in four phases.
The City requests that mitigation requirements be linked to the phasing milestones discussed above and in
Table 2-3 to provide greater flexibility. More detailed information on the corresponding phasing of
mitigation actions is included in Section 4.

To summarize:

o The first SW Yelm Wellfield well is expected to be installed in 2010.
e Additional phases of SW Wellfield development are planned to occur in 2013, 2018 and 2025.

e By 2018, pumping from the current downtown-area wells should be fully transferred to five new
wells in the SW Wellfield. These five wells are expected to accommodate both the increased
demand and the loss of current pumping infrastructure downtown.

o A total of eight new SW Yelm Wellfield wells are forecast to be required by 2025, and meet
expected demand through 2037.

2.3 Wellfield Layout and Capacities

Figure 1-1 shows the planned SW Yelm Wellfield layout consisting of eight equal-capacity wells with
necessary pumping facilities and conveyance infrastructure. The wells are expected to be installed
sequentially from east to west as the City’s growth expands further into the Thurston Highlands MPC.
For planning purposes, it is assumed that each new well will exhibit roughly the same characteristics as
the well drilled in 2005 (SW Well #1; Golder, 2006); that is, screened approximately from 350 to 400 feet
below ground surface and producing approximately at a peak rate (Qi) of approximately 750 gpm, and an
annual total (Qa) of 554 ac-ft/yr. The actual number of wells could vary, as aquifer conditions are
expected to be highly variable and individual well yields could be higher or lower than those used to
develop system expansion plans. System conveyance, storage and controls will also be phased as
infrastructure is added to accommodate demand.

2.4 Qa, Seasonal Pumping, and Peak Monthly Pumping Rates

Withdrawals from the planned Wellfield are expected to occur according to the same seasonal pumping
distribution pattern observed in recent years. The City of Yelm has evaluated the historic distribution of
pumping and found consistent trends that distribute the annual and monthly totals over the course of the
year. These factors (shown in Table 2-4 below) were used to assess the maximum monthly average
pumping rate associated with any forecast demand rate (Qa in ac-ft/yr converted into annual average

gpm).

Final Water Right Mitigation Plan 11
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Table 2-4
Yelm Seasonal Pumping Distribution

Month Jan. Feb. March | April | May | June | July | Aug. | Sept. | Oct. | Nov. | Dec.

D'Sgggt‘étr'on 077 | 068 | 076 |078|094|125| 163 | 1.67 | 1.15 | 0.87 | 0.71 | 0.77

The modeled 4,186 ac-ft/yr demand volume for 2037 translates to an average annual demand rate of
3,074 gpm (if the wells were pumped at a single constant rate throughout the year). For the model to more
accurately simulate actual conditions, this rate needs to be adjusted to reflect seasonal differences in
demand. The peak month pumping rate (August) for the 4,186 ac-ft/yr demand can be estimated by
multiplying the annual average rate by the August distribution factor of 1.67, for 4,334 gpm. Note that
this is an average rate for the peak month used for model simulations. Actual supply system capacity (or
Qi) would be greater (expected to be 6,000 gpm).
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Section 3

Predicted Water Resource Impacts

This section describes the method used to identify water resources predicted to be impacted by pumping
at the planned SW Yelm Wellfield. The regulatory appropriation status of each water body is provided,
as are the predicted surface water impacts relative to the accuracy of the groundwater model.

3.1 Water Bodies of Interest

Groundwater modeling identified potentially impacted water bodies for which mitigation is required by
Washington Administrative Code (WAC). The regulated water bodies are listed in Table 3-1, along with
the regulatory status of each with regard to appropriations of surface water allowed under the State Water
Code. The WRIA boundaries and other major features of the McAllister-Yelm groundwater model are
shown in Figure 3-1.

Table 3-1
Regulatory Status of Key Water Bodies in WRIAs 11 and 13

Water Body

Regulatory Status
(Chapters 173-511 and 173-513 WAC)

WRIA 11 (Nisqually River Watershed)

Lower Nisqually River*
(RM? 4.3 to RM 12.6)
Control Station: “New gage” at RM 4.3

Open year round.
New appropriations subject to instream flows of 600-900 cfs
varying seasonally.

Bypass Reach of Nisqually River
(between RM 12.6 — RM 26.2)
Control Station: 12-0895-00 at RM 21.8

Closed to new appropriations June 1 — October 31 (370-500 cfs
varying seasonally).

New appropriations subject to instream flows of 600 cfs in
remaining months.

Middle Nisqually River
(from RM 26.2 — approximately RM 39.9)
Control Station: 12-0884-00 at RM 32.6

Closed to new appropriations June 1 — October 31 (600-800 cfs
varying seasonally).

New appropriations subject to instream flows of 700-900 cfs in
remaining months.

Upper Nisqually River

(from approximately RM 39.9 to headwaters
including all tributaries)

Control Station: 12-0825-00 at RM 57.8

New appropriations subject to instream flows of 300-650 cfs
varying seasonally.

McAllister Creek

Closed to new appropriations (year round).

Lake Saint Clair

Closed to new appropriations (year round).

Yelm Creek

Closed to new appropriations (year round).

WRIA 13 (Deschutes River Watershed)

Deschutes River
(from confluence with Capitol Lake
upstream to RM 41)

Closed to new appropriations April 15 — November 1.
New appropriations subject to instream flows in remaining
months (150-400 cfs, varying seasonally).

Woodland Creek and all tributaries

Closed to new appropriations (year round).

Long Lake

Closed to new appropriations (year round).

Patterson Lake (a.k.a. Pattison Lake)

Closed to new appropriations (year round).

Hicks Lake

Closed to new appropriations (year round).

! The Lower Nisqually River includes modeled reaches 1, 2, and 3 as discussed in this section.

2 River Mile.
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To analyze the effects of groundwater pumping on the discharge to the Nisqually River and Deschutes
River, each water body was subdivided into distinct reaches. Modeled reaches defined for the Nisqually
River begin at River Mile 4.3 (RM 4.3) and consist of Lower sub-reaches 1, 2 and 3, a Middle reach and
an Upper reach. Modeled reaches defined for the Deschutes River consist of a Lower, Middle and Upper
reach. An earlier version of the groundwater model did not include the Middle Deschutes Reach due to
the believed presence of a geologic boundary to east of the river in the form of a basalt intrusion (Drost et.
al, 1999). After consultation with the Squaxin Island Indian Tribe, the groundwater model was modified
to incorporate the results of additional hydrogeologic information available in this area (Golder, 2008a).
Appendix B includes a memorandum detailing the refinements.

In addition to the water bodies listed in Table 3-1, other water resources that are of interest for this plan
are the Kalama Creek Springs (located near the west bank of the Nisqually River, which are used to
supply the Nisqually Indian Tribe Kalama Creek Hatchery) and Silver Springs (which support Silver
Creek which in turn drains into the Deschutes River). State law related to appropriations of new water
rights does not identify these two resources for any specific restrictions such as those listed in Table 3-1.
However, the groundwater model was used to assess potential impacts of future groundwater
withdrawals.

3.2 Numerical Model of Groundwater System

3.2.1 Modeling Approach

Impacts to water resources identified in Section 3.1 were investigated using a numerical groundwater
model designed to simulate the response of the surface water and groundwater system to new pumping at
the SW Yelm Wellfield and changes in pumping at the existing downtown-area wells.

Over the past three years, the City of Yelm has worked in cooperation with the Cities of Lacey and
Olympia, the Nisqually Indian Tribe and the Squaxin Island Indian Tribe to further develop and apply the
groundwater flow model to assess the watershed. Golder Associates Inc. worked with S. S. Papadopulos
& Associates (SSPA) to refine and update the model based on new data. For more information on the
refinement of the model and its application, see Golder’s Technical Memorandum in Appendix B. (Note:
the future Wellfield simulations that were performed initially using the updated model and described in
Appendix B were preliminary in nature and therefore differ from those reported in Section 3.2.6 and
Appendix A of this report).

3.2.2 Model Background

The model was originally developed for the City of Olympia by CDM (CDM, 2002a; 2002b) to evaluate
potential hydrologic impacts to surface water bodies near the City of Olympia’s proposed McAllister
Wellfield and McAllister Springs. The City of Yelm has participated with the Cities of Lacey and
Olympia in updating and refining the groundwater model for purposes of hydrologic impact analysis in
the McAllister and Yelm Sub-basins.  The following primary model refinements were made to improve
the model (Golder, 2008a):

o Updating the hydrogeologic interpretation based on new boring logs and other field data,
Refining the model grid for greater accuracy in model results particularly in the area of existing
and future pumping wells (such as the SW Yelm Wellfield),

e Updating pumping rates for the Cities of Yelm, Olympia and Lacey,

e Adding hydrologic features that were not included in the original model including Kalama Creek
Springs, Silver Spring/Creek and Yelm Creek, and

e New calibration of the model to steady-state and transient data.
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All the changes to the groundwater model were peer reviewed through a regional process that included
the Nisqually Tribe, Squaxin Island Tribe and the three Cities of Yelm, Olympia and Lacey. Additional
details regarding model refinements are included in Appendix B. The updated model was also used to
simulate the transfer of several local water rights that will occur before the City starts developing the new
SW Wellfield. These local transfers are referenced in Appendix A, and were carried forward in the
model.

The changes resulted in a more realistic and reliable model for making estimates of the impact of
pumping on surface water bodies. The complex and sophisticated computer model simulates the
hydrologic cycle in the McAllister study area. It is the most up-to-date and scientifically sound method of
predicting impacts that could result from groundwater withdrawals. The scientists who built, managed
and run the model orient towards a “conservative” approach to modeling. This means that results
generally tend more toward over-prediction than under-prediction of surface water depletions.

3.2.3 Calculation of Surface Water Depletions

For purposes of this mitigation plan, hydrologic impacts are defined as either (a) reduced groundwater
inflow to a surface water body or (b) increased loss from a surface water body following development of
the SW Yelm Wellfield. Either of these conditions constitutes potential surface water depletion. Surface
water depletion is analyzed by simulating a set of hydrologic conditions and conducting a water budget
analysis on the results of the simulation. The surface water depletion is therefore the difference between
the water budget of a surface water body under a base condition (or “baseline”) and a future condition.

3.2.4 Model Domain and Boundary Conditions

Ecology’s Southwest Regional Office hydrogeology staff has been consulted on the content and
development of the model, which has nine distinct hydrogeologic layers. Each layer generally represents
either an aquifer or aquitard. The model simulates flow through the aquifers, interactions between
aquifers, flow gradients, and recharge and discharge to streams and springs.

Figure 3-2 identifies specific reaches of the Nisqually and Deschutes Rivers, and other surface water
bodies for which depletions were quantitatively assessed using the model. The model covers an area
approximately 15 miles (north-south) by 8 miles (east-west) in extent (Figure 3-2). The model is bounded
by the Deschutes River and Budd Inlet to the west, the Nisqually River to the east, and by a southwest-
northeast trending line extending from Lake Lawrence to the Nisqually River to the south. The model’s
northern boundary is a west-east trending line that coincides with Puget Sound. W.ithin this area, the
model grid ranges from 100-foot spacing near the McAllister Wellfield to 1,000-foot spacing in other
areas. The grid spacing in the SW Yelm Wellfield area is 250 feet.

3.2.5 Model Accuracy for Predicting Small Depletions

The model provides an effective tool for analyzing the effects of groundwater pumping on area water
resources by comparing existing baseline pumping conditions to future demand pumping conditions. It
also provides a conservative prediction of impacts, typically over-predicting rather than under-predicting
surface water depletions.

For many of the water bodies identified in Table 3-2, the predicted effects are very small compared with
the flow of groundwater through the hydrogeologic system. The smaller the predicted depletions, the less
likely we are to know for certain whether those impacts will actually occur. Therefore, the cities using
the model and their licensed consulting hydrogeologists (SSPA and Golder) felt it was important to define
a margin of error or accuracy limit for the numerical model. If values fall below this limit, it is not clear
that there will be actual surface water depletions.
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Golder Associates notes in an October 2008 technical memo (Appendix A) that for several surface water
bodies, the depletion is likely below model accuracy. While the model has a high degree of precision, the
accuracy of the model for predicting small flow depletions in areas with large groundwater flow rates is
questionable. The hydrogeologists who have worked with the model advise that predicted depletions that
(1) are less than 0.01 cfs compared to the baseline condition, or (2) are less than one percent of the total
simulated groundwater flow rate at a surface water body should be considered as beyond the accuracy
limits of the model. These conditions occur for several water bodies analyzed in this study during
different phases of Wellfield development.

3.2.6 Predicted Impacts on Modeled Surface Water Bodies

Tables 3-2, 3-3, 3-4 and 3-5 present the highest annual and summer depletions predicted for surface water
bodies in the study area under Phases 1, 2, 3 and 4, respectively. Summer is defined as the months of
June, July, August and September. These tables include the individual depletions for the various reaches
and a sum of the reaches that form the full water body upstream of certain regulatory control points. For
example, for the purpose of this analysis, the total impact of groundwater discharge to the Nisqually River
above RM4.3 is equal to the sum of the Lower, Middle and Upper reaches, the Kalama Springs Complex
and Yelm Creek. The depletions reported in Tables 3-3, 3-4 and 3-5 reflect pumping from all previous
phases in addition to the new pumping associated with the new phase.

Highest Annual Discharge Highest Summer Discharge

Hydrologic Area/Feature (see Figure 3-1) Change Change

cfs % | month(s) Cfs %
Nisqually Valley
Yelm Creek (32, 34) -0.04 -0.8 Feb-Mar -0.03 **
Upper reach (33) -0.07 -0.3 Aug -0.07 -0.3
Kalama Creek Spring (31) -0.02 -0.3 Jul-Aug -0.02 -0.3
Middle reach (9) -0.04 -0.3 Jul-Sep -0.04 -0.3
Lower reach (20, 21, 22) -0.05 -0.2 Jul-Oct -0.05 -0.2
Total for Nisqually River Valley — at RM4.3 -0.21 -0.3 Aug -0.21 -0.3
Deschutes Valley
Upper reach (23) -0.08 -0.2 Feb-Mar -0.06 -0.6
Middle reach (4) -0.02 -0.2 Sep-Oct -0.02 -0.2
Silver Creek/Spring (35) -0.01 -0.6 Aug-Sep -0.01 -0.6
Lower reach (14) -0.01 -0.1 YR -0.01 -0.1
Total Deschutes River Valley at Tumwater -0.14 -0.2 Feb-Mar -0.10 -0.6
McAllister Valley
McAllister Spring -0.06 -0.2 Aug-Sep -0.06 -0.2
Other upper valley springs -0.07 -0.2 Aug-Sep -0.07 -0.2
McAllister Creek <0.01 - - <0.01 -
Valley-bluff springs <0.01 - - <0.01 -
Lake St. Clair <0.01 - - <0.01 -
Total McAllister Valley at Medicine Creek -0.13 -0.2 Aug-Sep -0.13 -0.2
Woodland Creek Basin
Long-Hicks-Pattison lakes -0.01 -1.4 Sep -0.01 -1.4
Woodland Creek <0.01 - - <0.01 -
Total Woodland Creek at Henderson Inlet -0.01 -0.1 March -0.01 -0.5
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Hydrologic Area/Feature (see Figure 3-1)

Highest Annual Discharge

Highest Summer

October 2008

Change Discharge Change

cfs % | month(s) cfs %
Nisqually Valley
Yelm Creek (32, 34) +0.27 +5.3 Mar +0.23 **
Upper reach (33) +0.27 +1.2 Aug +0.27 +1.2
Kalama Creek Spring (31) -0.04 -0.8 Aug -0.04 -0.8
Middle reach (9) -0.09 -0.6 Aug -0.09 -0.6
Lower reach (20, 21, 22) -0.15 -0.6 Aug-Sep -0.15 -0.6
Total for Nisqually River Valley — at RM4.3 +0.29 +0.4 Mar +0.25 +0.4
Deschutes Valley
Upper reach (23) -0.23 -0.7 Mar -0.18 -1.7
Middle reach (4) -0.05 -0.5 Sep-Oct -0.05 -0.5
Silver Creek/Spring (35) -0.02 -1.9 Sep -0.02 -1.9
Lower reach (14) -0.04 -0.1 Feb-Mar -0.03 -0.3
Total Deschutes River Valley at Tumwater -0.38 -0.5 Feb-Mar -0.31 -1.5
McAllister Valley
McAllister Spring (15) -0.16 -0.6 Aug-Sep -0.16 -0.6
Other upper valley springs (1) -0.21 -0.6 Aug -0.21 -0.6
McAllister Creek (3) <0.01 - - <0.01 -
Valley-bluff springs (5) <0.01 - - <0.01 -
Lake St. Clair (2) -0.01 -0.5 Aug-Sep -0.01 -0.5
Total McAllister Valley at Medicine Creek -0.37 -0.6 Aug -0.37 -0.6
Woodland Creek Basin
Long-Hicks-Pattison lakes (16,17, 18, 19 & -0.03 -0.3 March -0.03 -4.9
24
W)oodland Creek (26) <0.01 - - <0.01 -
Total Woodland Creek at Henderson Inlet -0.04 -0.2 March -0.04 -1.5
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Hydrologic Area/Feature (see Figure 3-1)

Highest Annual Discharge

October 2008

Highest Summer

Change Discharge Change

cfs % | month(s) cfs %
Nisqually Valley
Yelm Creek (32, 34) +0.32 +6.6 Feb +0.28 fal
Upper reach (33) +0.31 +1.4 Jul-Aug +0.31 +1.4
Kalama Creek Spring (31) -0.06 -1.3 Aug -0.06 -1.3
Middle reach (9) -0.14 -1.0 Aug -0.14 -1.0
Lower reach (20, 21, 22) -0.25 -1.1 Aug-Sep -0.25 -1.1
Total for Nisqually River Valley — at RM4.3 +0.25 +0.3 Feb-Mar +0.20 +0.3
Deschutes Valley
Upper reach (23) -0.42 -1.2 Mar -0.34 -3.1
Middle reach (4) -0.09 -0.9 Sep -0.09 -0.9
Silver Creek/Spring (35) -0.03 -3.5 Sep -0.03 -3.5
Lower reach (14) -0.06 -0.3 Dec, Feb- -0.05 -0.6
Total Deschutes River Valley at Tumwater -0.71 -0.8 Feb -0.57 -2.9
McAllister Valley
McAllister Spring -0.26 -1.0 Aug-Sep -0.26 -1.0
Other upper valley springs -0.34 -1.0 Aug-Sep -0.34 -1.0
McAllister Creek <0.01 - - <0.01 -
Valley-bluff springs <0.01 - - <0.01 -
Lake St. Clair -0.01 -0.8 Jul-Sep -0.01 -0.8
Total McAllister Valley at Medicine Creek -0.61 -0.9 Aug -0.61 -0.9
Woodland Creek Basin
Long-Hicks-Pattison lakes -0.06 -0.5 March -0.06 -7.3
Woodland Creek -0.01 -0.1 Dec-Mar <0.01 -
Total Woodland Creek at Henderson Inlet -0.07 -0.3 Mar -0.06 -2.7
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