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Spokane County

721 N. Jefferson

Suite 303

Spokane, Washington 99260

ATTENTION: Stan Miller, Program Manager, WOMP

RE: WATERSHED SIMULATION MODEL REPORT
Dear Stan:

Enclosed are 12 copies of the Final MIKE SHE model report for the WRIA 55/57
Planning Unit. This report describes the construction and calibration of a hydrologic
simulation model that integrates meteorologic, surface water and groundwater
processes.

A second modeling report, which will supplement this report, will be issued in which
the conversion of the model from a UNIX-compiled code to a Windows-based version
will be documented. This report will also present simulations of pre-development
conditions and alternative water resource management approaches.

Simulation of the WRIA 57 watershed is accurate, and was facilitated in large part by the
following factors:

e The use of the variable flow boundary for the Spokane River at Post Falls that
dominates the water balance;

e The hydrologic processes within the watershed domain is relatively simple and
dominated by the SVRP Aquifer; and,

o There are numerous high quality calibration points available over this part of the
model.
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Simulation of the WRIA 55 watershed characterizes the hydrology of the basin processes
but overestimates streamflows. The challenges to obtaining a better simulation of the
Little Spokane watershed are:

o There are few data to confirm the distribution of actual precipitation over this
portion of the model;

e The hydrology of the Little Spokane watershed is more complex and influenced
by a greater number of variables (e.g., runoff and recharge related parameters),
and has a greater number of subbasins of varying hydrologic character than the
WRIA 57 watershed; and,

o There are few calibration points.
We appreciate the opportunity to conduct this work on your behalf.
Sincerely,
GOLDER ASS(}CIATES INC.
%LC% S T

%ara MarXxen Chris V. Pitre
/

- Project Engineer Senior Project Manager, Water Resources

cc: Bryony Stasney
Marcia Sands

Final Model Report Transmittal.doc

Golder Associates



Telephone (425) 883-0777 ASSOClateS

Fax (425) 882-5498
www.golder.com

Golder Associates Inc. i
18300 NE Union Hill Road, Suite 200 é
Redmond, WA USA 98052-3333 i GOld.er

REPORT TO
WRIA 55 AND 57 PLANNING UNIT
on

LEVEL 2 TECHNICAL ASSESSMENT
WATERSHED SIMULATION MODEL

Prepared under grant # 9800300
from the Washington Department of Ecology

Prepared for:

WRIA 55 and WRIA 57 Planning Unit

Spokane, Washington
Submitted by:
Golder Associates Inc.
Seattle, Washington
©
e
/A
_Mare f/ o o
~~Sara Marxen, P.E. 7
Project Engineer .
i A
o <
LAt A A~ "
..
Robert H. Anderson, P.G. Chris V. Pitre, P.G.
Associate Senior Project Manager, Water Resources

February 13, 2004

Chris V. Pitre

L

OFFICES ACROSS AFRICA, ASIA, AUSTRALIA, EUROPE, NORTH AMERICA AND SOUTH AMERICA



February 13, 2004 - - 013-1372.2300

EXECUTIVE SUMMARY

The Planning Unit representing Watershed Resource Inventory Areas (WRIAS) 55 and 57 (Little
Spokane and Middle Spokane, respectively) chose to use MIKE SHE modeling software from
DHI Water and Environment as part of the technical assessment for the watershed planning
process under RCW 90.82. The main goal of the modeling process is to support decision-making
during development of the watershed plan. The model is intended to simulate the processes
driving the hydrology of the watershed and provide a“what if” tool for stakeholders.

MIKE SHE is a deterministic, distributed and physically based modeling system. The basic
MIKE SHE model includes six modular components; each describing a mgjor flow process of the
hydrologic cycle. These include interception/evapotranspiration, overland flow, channel flow,
unsaturated zone flow, saturated zone flow, and snow pack. Additionally, in the Little and
Middle Spokane Watersheds, simulation of lawn watering and agricultural irrigation was
included. A primary benefit of the MIKE SHE modeling environment is its ability to simulate
groundwater and surface water interactions.

The WRIA 55 and WRIA 57 administrative watersheds are located just west of the Washington-
Idaho Stateline and encompass more than 700 sguare miles. The Spokane Valley includes the
Spokane Valley-Rathdrum Prairie Aquifer, which is one of the most productive aguifers in the
United Sates. This aquifer hydraulically links WRIA 55 and WRIA 57 and influenced the
decision to combine the planning process for the two watersheds. The Spokane Valley aquifer is
in direct hydraulic continuity with the Spokane River in WRIA 57 and discharges a significant
amount of water into the lower Little Spokane River of WRIA 55.

The MIKE SHE model was calibrated over the hydrologic years (i.e., October 1 of the preceding
year through September 30) of 1994 through 1999, which includes representative dry (1994), wet
(1997) and average years (1999). Calibration data included continuous and snapshot river
discharge, groundwater elevations, and snow water equivalent measurements.

Cdlibrations of headsin the central Spokane Valley Aquifer in WRIA 57 are shown to be accurate
at both high and low water table elevations. Calibration in the Hillyard Trough area shows
variable agreement between simulated and actual water levels due to the existence of a silt/clay
lens in the central portion of the Hillyard Trough. Thisisin part due to the model’s method of
solving a lens setup that restricts accurate calibration to heads from wells screened above, in, and
below the lens. Calibration near the model boundary indicates a need for additional data
collection in this area to simulate aquifer response to the high degree of river—to-aquifer recharge
and the distribution of thiswater in the aquifer.

Geology, hydrogeology and calibration data in the aguifers of WRIA 55 are sparser than in
WRIA 57 and only general groundwater elevations are simulated in WRIA 55.  Annua
calibration of these points shows good over al correlation, with the sands and gravels matching
measured val ues better than the basalt layer.

Calibration of discharge data on the Spokane River shows excellent calibration to measured data.
Major losing and gaining reaches of the Spokane River are captured both in river discharge and in
baseflow simulations. Calibration of the Little Spokane River datais not as good, with simulated
low flows higher than actual flows on several tributaries and reaches of the Little Spokane River;
particularly the early winter peak flows. Simulated peak flows match observed flows better
during wet years than during dry years at all gages where peak data exists in WRIA 55 (primarily
the Little Spokane River). Interaction between surface water and groundwater appears to be well
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simulated by the model over the full domain. Annua discharge model results for WRIA 55
indicate that either the total amount of water input to the model (primarily as precipitation) is too
high or the total amount of sinksin the watershed is too low (primarily as evapotranspiration).

Sensitivity analysis shows that the model is most sensitive to precipitation and temperature
inputs, boundary conditions, aquifer hydraulic conductivity, unsaturated zone hydraulic
parameters and drainage parameters.

Application of the model for the planning process and future improvements to the model is
recommended as part of this report. Scenarios for which the model can be used to evauate
include: the timing and spatial variations of future possible groundwater pumping; variations in
river discharge through Post Falls into the model area; flow augmentation projects; aquifer
storage and recovery; variations in flow through the Stateline aquifer boundary; and, variationsin
the location and magnitude of wastewater discharge. Potential model improvements include
divison of the mode into sub-models for individual WRIA analysis, enhancement of
precipitation data inputs and further discretization of the aquifer model layers.
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1.0 INTRODUCTION

This report describes the modeling process, data and results for Watershed Resource Inventory
Areas (WRIASs) 55 and 57 in Eastern Washington including portions of Spokane, Pend Oreille
and Stevens Counties. This modeling effort directly follows the focus outlined in the Little
Spokane (WRIA 55) and Middle Spokane (WRIA 57) Watershed Planning Phase Il - Level 1
Technical Assessment completed by Golder Associates, Inc. (Golder) in June, 2003.

Modeling was completed using the MIKE SHE and MIKE 11 simulation software packages
developed by DHI Water and Environment (DHI). These two models run simultaneously
providing amethod for simulating integrated surface water-groundwater processes.

11 Objectives

Many planning and modeling objectives were identified during the initial phases of the watershed
planning process during Planning Unit meetings between December 2000 and March 2001. They
wereinitially presented in the Draft Phase |1 — Level 1 Technical Assessment.

Planning Objectives:

1. Determine the impact of groundwater recharge from the Spokane Valley Rathdrum Prairie
(SVRP) Aquifer on flowsin the Little Spokane River at and near Dartford.

2. Refine data for evaluating the effect of surface water and groundwater withdrawals on flows
in the Little Spokane River.

3. Determine the effect of the interaction between the Spokane River and the SVRP Aquifer on
the quantity and quality of groundwater and surface water at varying river flow conditions.

4. Refine estimates of recharge to the SVRP Aquifer from adjacent sub-basins.

5. Evaluate the effect of increased withdrawals on recharge to the Spokane and Little Spokane
Rivers using a groundwater model that incorporates refined surface water / groundwater
exchange information.

6. Develop atool for evaluating water quality impacts (resulting from changes in river flow) of
point source discharges on the Spokane and Little Spokane Rivers.

Modeling Objectives:

e Obtain a“wide circle of buy-in" on the decision making process through model development
and use;

e Assist the Washington Department of Ecology’s (Ecology) water rights decision-making
process,

e Evaluate and predict surface water/groundwater hydraulic continuity;

o Assess beneficial/detrimental impacts to downstream users due to water use or allocation
changes,

e Characterize how climate, snowpack, the level of Lake Coeur d’'Alene and dams affect the
flow of the Spokane River;

o Edtimate the impact of withdrawals from domestic wells along the Little Spokane River;
o Evauate aternative operating and management scenarios,

e Characterize the frequency and duration of low stream flows;
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o  Assess mitigation measures available to water rights holders who may be affected by possible
water right changes; and,

o Edtimate minimum instream flows based on “natural” runoff conditions (primarily for the
Spokane River, which is partialy regulated by dams).

The following succinct set of task objectives have been developed to focus the modeling effort
presented in this report toward the stated objectives and within the limitations of readily available
data and capabilities of the software:

1. Develop anintegrated surface water-groundwater modeling tool;

2. Apply water use estimates and well withdrawals developed in the Draft Phase Il —
Level 1 Technical Assessment to the model;

Apply wastewater discharge rates and distribution to the model;
Account for man-made structures on the Spokane River in the model;

Calibrate the model over arange of climatic years (dry — 1994; wet — 1997; average —
1999);

Devel op effective databases and input/output tools to manage model runs; and,
Determine where additional data needs exist.

These task objectives identify key targets that will ensure a model that can assist in meeting the
modeling and planning objectives. It should be noted that no water quality DHI software
components have been purchased, and therefore those objectives were set aside for this effort.

12 Background

Watershed planning under RCW 90.82 is being jointly conducted in the Little and Middle
Spokane River Basins. The current watershed planning effort was initiated in 1998 when funding
was made available from Ecology. Spokane County is the lead agency and one of the initiating
governments for this effort. Golder completed aPhase Il — Level 1 Technical Assessment as part
of the watershed planning process (Golder, 2003). At that time, the Planning Unit decided to
proceed to Level 2 of Phase Il of the watershed planning process with the development of a
computer simulation model of the hydrologic watershed processes. Simulation software from
DHI was chosen to model the basin due to its wide acceptance in the scientific community and
it's capability to effectively simulate groundwater-surface water interactions (WRIA 55 and 57
Planning Unit Meeting Minutes, 2001).

At the writing of this report the Technical Assessment had not been finalized, but edits to that
document had been determined. Most of the data and analysis compiled for the Technical
Assessment was used directly in modeling the basin taking into account these edits.

The model was developed in metric units, at the request of the Planning Unit. Therefore results
are presented in metric units with English unitsin parentheses where feasible. Conversion factors
are presented in Table 1-1. Acronyms used throughout the report are listed in Table 1-2.

13 Study Area

The model domain encompasses the Little (WRIA 55) and Middle (WRIA 57) Spokane
Watersheds (Figure 1.1). The WRIAs are located in Eastern Washington on the border with
Idaho. They are situated on the eastern edge of the Columbia River Basalt Plateau in the foothills
of the Rocky Mountain Range. The two primary drainages in these watersheds are the Little
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Spokane River in WRIA 55 and the Spokane River in WRIA 57. The Spokane River flows over
the Spokane Valley Rathdrum Prairie (SVRP) Aquifer. The Little Spokane River and its
tributaries flow over and around several smaller aquifer systems. More complete details of
WRIA 55 and 57 can be found in the Level 1 Technical Assessment (Golder, 2003).

Hydrology, climate, topography and population densities vary across the two watersheds. The
natural drainage of the Little Spokane River Basin is almost entirely contained within the WRIA
55 boundary. WRIA 57 contains less than 10% of the contributing natural drainage of the Middle
Spokane Basin, most of which lies in Idaho and extends east to the |daho-Montana state border.
Annual precipitation ranges from about 15 inches per year in the lower elevations of WRIA 57 to
over 40 inches in the mountainous areas to the north and east. Elevations in the basin vary from
approximately 500 m (NAVD 88; 1,640 ft amdl) in the southwestern portion of the basin to
approximately 1,791 m (NAVD 88; 5,878 ft amdl) on the summit of Mount Spokane.

The watersheds lie at the boundary between two major physiographic provinces of North
America (Fenneman, 1931). The north of WRIA 55 and the east of WRIA 57 are characterized
by north-south trending mountains and valleys and are comprised of predominantly crystalline
basement rocks that rise steeply from the Columbia Plateau, typical of Northern Rocky
Mountains Province. The south of WRIA 55 and the west of WRIA 57 comprise landforms
typical of the Columbia Plateau Province, including flat-topped basalt plateaus (Half Moon
Prairie, Wild Rose Prairie, Five Mile Prairie, Greene Bluff, Orchard Bluff and Five Mile Prairie).

In both WRIA 55 and WRIA 57, there are areas of subdued topography that represent areas of
basement and basalt rocks that were scoured and infilled by periglacial processes, including the
Missoula Floods. The Spokane Valley represents the main Missoula Flood channel.  The
primary aquifers in WRIA 55 and WRIA 57 comprise these glacial unconsolidated sediments
(e.g., the highly productive SVRP Aquifer). Less productive aquifers occur within the basalts
(e.g., Greene Bluff Aquifer).

Natural land cover ranges from scrub brush in the lower portions of the basins to mixed
coniferous and deciduous forests in the uplands. Land use is primarily urban with residential
development in the Spokane Valley and around the City of Deer Park. Substantial suburban
development is also occurring in the lower reaches of the Little Spokane River north of the City
of Spokane. Agricultural land use is concentrated in the Dragoon Creek and Deadman Creek sub-
basins of the Little Spokane watershed, and scattered in lower density throughout the rest of the
lower elevations of the watersheds. Minor amounts of land are used for rangeland.

14 Authorization, Acknowledgements and Limitations

Preparation of a Watershed Plan will need a solid technical basis on which to build
recommendations for future water resources management. The approach taken to prepare a
computer simulation model of the hydrology of the Little and Middle Spokane Watersheds is
outlined in the Draft Phase Il, Level 1 Assessment — Data Compilation and preliminary
Assessment (Golder, 2003; Chapter 8, and Appendix E). A model simulation tool will assist the
Planning Unit toward this end.

The Spokane County Board of Commissioners is acting on behalf of the WRIA 55/57 Planning
Unit in the administration of funds and contracting of services. The Board of Commissioners
authorized the work presented in this report through Amendment #3 to Spokane County Contract
#P2960 between Spokane County and Golder Associates, Inc. dated November 27, 2001.

Several staff contributed significantly to the preparation of thisreport. Stan Miller, Water Quality
Section Manager for the Utilities Division of Spokane County Public Works, is the project
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manager on behalf of Spokane County. Reanette Boese and Bea Lackaff of Spokane County
participated in the collection and compilation of input data for the model.

Chris Pitre, senior project manager, water resources, is the project manager on behalf of Golder.
Sara Marxen, project water resources engineer, was the primary modeler, and was assisted by
Samantha Collins. Bob Anderson of Golder provided much of the technical direction in the
execution of this work. The conceptual model of the hydrology of the watershed and technical
foundation of the model was in large part compiled by Bryony Stasney of Golder from numerous
information sources.

Thiswork has been completed in accordance with generally accepted professional practices at the
time of preparation within the limitations of available data and budget.
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20 PREVIOUSWORK

Severa groundwater flow models have been constructed over the last 30 years, primarily for the
SVRP aguifer. These models have been developed principally in support of groundwater supply
studies and to designate groundwater quality protection areas over aquifer zones that provide
water to large water supply wells (i.e., wellhead protection).

A sequential list and brief description of SVRP aquifer groundwater flow models is provided in
Table 2.1. Detailed descriptions of the models are provided in Appendix D3 of the Draft Level 1
Technical Assessment (Golder, 2003).

The main objectives of these models were to characterize the SVRP Aquifer for groundwater
resource studies and protection. The interaction between surface water and groundwater was not
dynamically modeled, in part because surface water impacts were not the primary focus of the
projects and in part because dynamic surface water-groundwater interaction algorithms were not
commonly available in the modeling codes used. As a result, these models cannot accurately
predict changes in the flow of the Spokane River as a result of varying groundwater withdrawals
or varying groundwater recharge to the SVRP Aquifer.
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30 CONCEPTUAL MODEL

Much of the conceptualization of the watershed for modeling was completed as part of the Draft
Level 1 Technical Assessment and is summarized here. A full discussion of the simplifying
assumptions and qualitative interpretations for each modeling component can be found in Golder
(2001). Descriptions of the data used to develop this model are in Sections 4 and 5 of that report.

31 Climate

Large spatial and temporal climatic variations occur in the Little Spokane and Middle Spokane
Basins. It is generally warm and dry in the summer and cool and moist in the winter. Climate
varies across the basin from a subhumid mountain climate in the north with more than 1,150 mm
(45 inches) of rain annually, to semiarid in the south with an annual average rainfall of less than
400 mm (16 inches). In addition, the hydrology of WRIAs 55 and 57 is significantly influenced
by snowpack accumulation and spring snowmelt. Spring river dischargesin WRIA 55 are fed by
snowpack that falls within the basin, while in WRIA 57 snowmelt contributing to river flows
generally occurs in Idaho and Montana. Snow accumulation and melt and the spatial variations
of precipitation and temperature are important climatic variables.

Actual evaporation and transpiration from plants and water surfaces is estimated to range from
25.4 cm to 35.7 cm (10 inches 14 inches) across much of the basin (National Weather Service,
U.S. Weather Bureau, 1962). More than 80% of this is estimated to occur from May to
September. Evapotranspiration rates are driven primarily by temperature and land cover.

3.2 Unsaturated Zone

Infiltration rates in both WRIASs are estimated to be quite high due to the permeable nature of the
soils. Therefore, the unsaturated zone is expected to impact run-off and recharge rates. Recharge
is also affected by the extent of vegetative cover, available storage, temperature, and rainfall
intensity.

Recharge through the unsaturated zone to the Spokane Valley Rathdrum Prairie Aquifer are
expected to come from the following sources: direct precipitation and infiltration; infiltration
from outdoor water use (urban and rural); drywell infiltration; septic system recharge; infiltration
from streams; and, seasonal surface water runoff and infiltration from adjoining valleys. The
guantity of recharge contributed by upward leakage of groundwater from the bedrock beneath the
valley floor isthought to be negligible, compared to these other sources of recharge.

Recharge contributions to the Little Spokane Watershed aquifer are expected to come primarily
from direct precipitation and infiltration at aguifer outcrops, stream seepage, and floodwater
infiltration. It was estimated that approximately 1/5 of annual precipitation recharges the
groundwater (Dames and Maoore, Inc., 1995).

33 Saturated Zone

There are eight principal aquifer areas delineated in WRIAs 55 and 57 (Figure 3.1). Three of
these areas contain basalt aquifers (Five Mile Prairie, Orchard Prairie and Greene Bluff). Four of
these areas are unconsolidated sediment aquifers (SVRP, Little Spokane River, Peone Prairie, and
the Diamond Lake). The Deer Park Basin is comprised of an upper unconsolidated sediment
aguifer and a lower basalt aquifer. The Diamond Lake Aquifer area in the northeast corner of
WRIA 55 may be a conduit for groundwater flow from the Pend Oreille Basin into the
headwaters of the Little Spokane River. The SVRP Aquifer, which occurs within the central
portion of WRIA 57 and the southern portion of WRIA 55, as well as extending into Idaho, is one
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of the most productive aguifers in the United States and is the primary water source for more than
400,000 people in Washington and Idaho. The SVRP aquifer acts as a conduit of groundwater
flow from ldaho into Washington across the Stateline, from the Spokane River through the
Hillyard Trough to the Little Spokane River and, to alesser extent, through the Trinity Trough to
lower reaches of the Spokane River.

331 WRIAS5

The hydrogeology of WRIA 55 is composed of two main aquifer layers: a shallow aquifer made
up of unconsolidated sediments; and, a deeper aquifer system contained within the basalts, Latah
sediments and crystalline basement rocks.

A distinct aquifer unit is located within the Diamond Lake area of Pend Oreille County, in the
northeastern portion of WRIA 55. However, very little information is available on this aquifer.
The aguifer is expected to range from a few feet thick at the aquifer margins to 100 feet thick or
more in the centra Diamond Lake Basin and Scotia Valley. The aguifer is bounded by
crystalline basement bedrock exposures to the south, west and north. The unconsolidated
deposits of the aguifer extend east toward Lake Pend Oreille. It is assumed that a hydraulic
connection may exist across the northwestern boundary of this agquifer with the Pend Oreille
River Watershed.

The upper unconfined sand and gravel aguifer within WRIA 55 occurs mainly adjacent to river
channels, above finer grained fluvial and lake deposits. Groundwater within this upper aguifer
flows rapidly along the groundwater flow gradient, has relatively high hydraulic continuity with
streams, and in some places discharges as springs. Groundwater generally flows from the
northeast to the southwest discharging into the Little Spokane River and Dragoon Creek.

The lower unit is primarily composed of fractured basalt, Latah sediments and crystalline
basement rocks. This lower unit exists in the Deer Park Groundwater Basin, the Little Spokane
River, Greene Bluff, Peone Prairie and Orchard Prairie Aquifer areas. Groundwater in the basalt
layers travels along vertical and lateral fracture surfaces and locally exits the exposed face of
basalt outcrops as springs. Latah sediments in Greene Bluff and Orchard Prairie are considered
as part of the basalt aquifer system.

Small confined aquifers are interspersed between finer grained fluvial and lake deposits. The
occurrence of these pockets is difficult to predict, but affects the overall conductivity of the unit.

A silt and clay aquitard divides the sand and gravel aquifer into two distinct units in the vicinity
of the confluence of Little Deep and Deadman Creeks with the Little Spokane River. This
aquitard extends into the lower reaches of the Little Spokane River and into the Hillyard Trough
of WRIA 57.

Groundwater level monitoring in WRIA 55 is relatively sparse. Snapshot water levels are
available in the Deer Park area for 1991 and 1992 (Emcon, 1992) and in the southern half of the
WRIA 55 for 1994-1996 (Boese and Buchanan, 1996; CH2M Hill, 1998 and 2000). Continuous
groundwater level monitoring data is available for 1993-1999 for 13 wells in the central and
lower parts of the Little Spokane Watershed. Additional details on this data are available in
Section 5 of the Draft Level 1 Technical Assessment.

332 WRIASY

Within WRIA 57, the upper unconfined sand and gravel agquifer dominates the groundwater flow
system. Groundwater flows across the Idaho-Washington Stateline. At the west end of the
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watershed, flow is directed either north through the Hillyard Trough or west through the Trinity
Trough. Groundwater eventually discharges to the Spokane River, Little Spokane River and
Long Lake at the western edge of the model domain.

The Central Spokane Valley Rathdrum Prairie Aquifer is over 700 ft thick within the central
portion of the Hillyard Trough, and 500 feet thick within the Spokane Valley. The valley margin
areas north and northeast of Pines Road Knoll have a saturated thickness between 100 and 200
feet.

The aquifer permeability decreases slightly and the groundwater flow gradient increases from east
to west in a down gradient direction (west from the Stateline, north through the Hillyard Trough).
The hydraulic gradient of the Spokane River is more variable as a result of bedrock and hydraulic
controls such as Spokane Falls. This difference is one cause of variation in gaining and losing
reaches in the Spokane River in WRIA 57.

The sand and gravel deposits of the SVRP Aquifer are underlain and laterally bounded by granite
and basalt in most portions of the valley. In some areas the aquifer boundaries are also comprised
of low-permeability lakebed sediments (clays) associated with the Latah Formation (CH2M Hill,
1998).

A continuous subsurface basalt ridge lies between Five Mile Prairie and downtown Spokane. The
SVRP Aquifer extends around both sides of Five Mile Prairie forming the Trinity Trough south
of the prairie and west of downtown, and the Hillyard Trough east of the prairie and north of
downtown.

The Trinity Trough is about three kilometers wide (2 miles) and more than 100 m (~330 feet)
deep, while the Hillyard Trough is about 4.5 km wide (~3 miles) and 200 m (~700 feet) deep.

Bedrock is present at shallow depths in two central locations within the SVRP Aquifer. The
Greene Street Knoll is a shallow bedrock feature approximately 15 m (50 ft) below the ground
surface. Pines Road Knoall is an isolated erosional remnant consisting of metamorphic basement
complex rock (CH2M Hill, 1998).

A local and relatively continuous clay/silt aguitard is present in the Hillyard Trough and lower
Little Spokane River area. This aquitard is estimated to be between 50 and 200 feet thick. It
separates the Hillyard Trough into upper unconfined, and lower confined sand and gravel
aquifers. The lower aquifer is between 50 feet and 150 feet thick. The remaining portions of the
Spokane Valley agquifer contain no significant layers of low permeability materials.

Groundwater level monitoring in WRIA 57 is denser than in WRIA 55. Snapshot water levels are
available for 1994-1996 and 2000 (Boese & Buchanan, 1996; CH2M Hill, 1998; CH2M Hill,
2000; and, United States Geological Survey [USGS], 2000). Continuous groundwater level
monitoring data is available for 1993-2001 for 52 wells in the watershed. More information on
thisdatais available in Section 5 of the Draft Level 1 Technical Assessment (Golder, 2003).

34 Surface Water

Seasonal flows in the Little Spokane River and the Spokane River follow that of a typical snow
driven watershed. Flows are low in the summer and early fall, dightly higher in the late fall and
early winter as precipitation falls as rain and snow. Peak flows are reached in the spring due to
spring run-off from snowmelt, after which flows rapidly recede to summer baseflows.
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The major drainage of WRIA 57 is the Spokane River. The Spokane River has no major
tributaries feeding its entire length within WRIA 57. Several streams and lakes exist to the north
and south but infiltrate into the ground before reaching the Spokane River. There are two reaches
of the Spokane River where the main river channel briefly splits into two channels, the length is
relatively short but these reaches are represented in the model as the Upriver Dam secondary
channel and the Upper Falls Dam secondary channel. There is a high degree of hydraulic
continuity between the Spokane River and groundwater of the SVRP Aquifer that strongly affects
seasonal and annual flows. Within WRIA 57, the Spokane River has several moderately defined
gaining and losing reaches. Water flowing through the Spokane River Valley flows out of the
WRIA through the Spokane River, and as groundwater through the Hillyard and Trinity Troughs.
Three run-of-river dams exist along the Spokane River. These dams do not have enough storage
to regulate flows on the river (Golder, 2002). Hangman Creek is located within the model
domain just downstream of WRIA 57, and provides year-round flow to the Spokane River.

The major drainage in WRIA 55 is the Little Spokane River. The headwaters of the Little
Spokane River are split approximately evenly between the West Branch of the Little Spokane
River and the mainstem. The mainstem appears to receive baseflow from the Pend Oreille River
system in the form of inter-basin groundwater flow. The West Branch has several large shallow
lakes in its headwaters (i.e., Eloika, Sacheen and Diamond Lakes). The upper reaches of the
Little Spokane River are relatively undevel oped.

Flow in the upper and middle reaches of the Little Spokane River increases primarily through the
contribution of tributaries such as Deadman and Dragoon Creeks. In the lower reaches, flow
increases significantly as a result of groundwater discharge from the SRVP Aquifer extending
from WRIA 57 through the Hillyard Trough. The river is dominantly gaining throughout its
length. The Little Spokane River has few artificial controls on its flow and the hydrograph shows
sharp responses to seasonal effects such as snow melt.

A well-developed river network feeds the Little Spokane River. The following rivers are
considered primary tributaries of the Little Spokane River, and were considered necessary to
include in the model in order accurately simulate run-off from the surrounding watersheds and
interactions of tributaries with local aquifers:

» Little Spokane River

West Branch Little Spokane River
Dragoon Creek

Deadman Creek

Little Deep Creek

Dartford Creek

YV V. V V VYV

35 Groundwater -Surface Water Interaction

Groundwater-surface water interaction occurs in both WRIA 55 and WRIA 57 and is asignificant
factor influencing surface water flows. In WRIA 57, the Spokane River and the SVRP Aquifer
interact almost continuously along the full length of the river and alternates between gaining and
losing reaches. Reaches where groundwater discharges to rivers are termed gaining reaches, and
reaches where the river recharges groundwater are termed losing reaches. These gaining and
losing reaches occur because of the relative elevation differences between groundwater and
surface water. The thickness and permeability of the finer grained sediments that line the
riverbed controls the rates at which these interactions occur.
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In WRIA 55, rivers in the watershed are primarily gaining reaches. On the lower reaches of the
Little Spokane River, below Dartford, groundwater discharge increases significantly as
groundwater flowing from the SVRP Aquifer through the Hillyard Trough discharges to the Little
Spokane River. Groundwater discharges year-round as springs and baseflow to the lower Little
Spokane River.

3.6 Overland Flow

Overland flow, commonly called run-off occurs when water moves over the surface of the ground
until it either infiltrates or flows into temporary or permanent surface water bodies (lakes and
rivers). Overland flow generally occurs following storm or snowmelt events. Run-off rates and
volumes are controlled by the type of ground surface (e.g., soil), ground cover (e.g., vegetation),
and the slope of the ground. Run-off in urban areas is increased due to greater impervious area
(e.g., pavement). In the urbanized areas of WRIA 55 and 57 (in and around the Cities of Spokane
and Deer Park), run-off is routed to either sewers or drywells. Storm water from some sewered
areas in Spokane urban areais discharged outside of WRIA 57, downstream of the Spokane River
at Spokane USGS streamflow gage. Drywells exist in the non-sewered and some sewered
urbanized areas around Spokane and in Deer Park. Run-off to drywells is estimated to recharge
between 83% and 87% of total precipitation that falls within the capture zone of the wells directly
to groundwater. Drywells are estimated to increase recharge to the aguifer and decrease
evapotranspiration.

3.7 Water Use and Discharge

Water in WRIA 55 and 57 is used primarily for domestic, commercial/industrial and agricultural
use with domestic use comprising the largest portion. Domestic water is supplied either by
municipal purveyors, private systems, or exempt wells. The water use cycle of municipalities and
commercial/industrial users can be represented by withdrawal and discharge rates and locations,
with a portion of the withdrawal being lost to consumptive use. Total water use by exempt well
users was estimated in the Technical Assessment to be approximately 9,600 AF/yr (6,300 AF/yr
in WRIA 55 and 3,300 AF/yr in WRIA 57). It isassumed that the majority of exempt well water
users also use septic systems on the same property for water disposal, with withdrawals and
recharge of water occurring in the same location. Therefore, water used by exempt well users can
be represented as a consumptive use only, rather than a distinct withdrawal and discharge
sequence.

The primary consumptive use in both WRIAs is lawn watering. There are approximately 15,257
acres of residential lawns watered in WRIA 55 and WRIA 57. Water used by domestic
households (both exempt and municipally served) for watering these lands represents the only
major consumptive use of water in the basin by residential users. Additional consumptive useis
incurred by agricultural irrigation. There are approximately 3,600 acres of irrigated agricultural
land within the basin.

Wastewater discharge includes domestic, commercial and industrial discharges. Domestic and
commercia discharge within the City of Spokane, sewered portions of north Spokane, and the
Spokane Valley are routed to dedicated or combined sewers (storm water and wastewater) and
discharged outside the WRIA, downstream of the Spokane River near the Spokane USGS gage.
Some industrial wastewater is discharged to surface water and some to ground surface locations
around the basin. There are five industrial wastewater dischargers in WRIA 57 and six in
WRIA 55.
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40 DATA SOURCES

This section outlines the sources of data used in modeling the Little and Middle Spokane Basins.
Much of this data was obtained for the Technical Assessment and additional information can be
found in that report.

4.1 Topography

Public domain USGS Digital Elevation Models (DEMs) were obtained through the University of
Washington Geospatial Data Archive. These ten-meter DEM grids were developed using 40-foot
or finer contour interval lines on 7.5' topographic quadrangle maps.

4.2 M eteorological Data

Daily precipitation and temperature data and the monthly spatial distribution of these variables
were obtained for the Technical Assessment. Daily data originated from NOAA/NWS-COOP
and SNOTEL. Stations included are listed in Table 4.1. Spatially distributed monthly
precipitation was obtained from the Climate Source, Inc. This data is the results of the model
titled, The Parameter-Elevation Regressions on Independent Slopes Model (PRISM; Daey and
others, 1994).

Mean annual actual evapotranspiration contours were obtained from the U.S. Weather Bureau
(now the National Weather Service; U.S Weather Bureau, 1962). These estimates were created
using Thornthwaite's procedures under two soil moisture conditions — 2 inches and 6 inches of
water — supplying a range of possible actual evapotranspiration rates. Estimated actual
evapotranspiration estimates were specified at Spokane, Deer Park and Newport.

Monthly potential evapotranspiration (Per) estimates were calculated using the Blaney Criddle
FAO (Doorenboos and Pruitt, 1977) method. PRISM monthly gridded daily temperature
estimates provided spatial distribution of temperature for the calculation.

4.3 Land Cover

USGS National Land Cover Database (NLCD) provided land cover information for the domain.
This is a 30-meter resolution land-cover classification based on an unsupervised clustering
algorithm run on 30 m Landsat thematic mapper (TM) data. The resulting spectral clusters were
resolved into one of 21 thematic mapper classes using logical modeling and ancillary data sources
as required (e.g., census, slope/aspect/elevation, etc.). The resulting data is checked for accuracy
using probability sampling and spot checks against NAPP Aerial Photographs. Source data for
the coverage is predominantly Landsat TM data for the years near 1992.

44 Overland Flow Roughness Coefficients

Strickler’s roughness values for land classifications in the watershed were assigned based on data
in the Spokane County, Washington Guidelines for Stormwater Management (October, 2000
Public Review Draft), shown in Table 4.2. Manning's n values supplied in the Guidelines can be
converted to Strickler’ s roughness through the following equation.

Strickler’ s roughness = 1/Mannings n (DHI, 2001)
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4.5 Vegetation Characteristics

Vegetation growth and consumptive use characteristics were obtained from the following
Sources:

» Worldwide Historical Estimates of Leaf Area Index, 1932-2000 (Scurlock and others,
2001).

» Evauating Evapotranspiration for Grasslands on the Arid Lands Ecology Reserve,
Benton County, and Turnbull National Wildlife Refuge, Spokane County, Washington,
May 1990 to September 1991. (Tomlinson, 1995);

» Above and Below Ground: A comparative study of the root and shoot growth of
pasture legumes (Campbell and others).

A\

Leaf Area Index of an old-Growth Douglas-fir Forest Estimated from direct structura
measurements in the canopy. (Thomas and Winner, 2000).

Forest Ecosystems Concepts and Management (Waring and Schlesinger, 1985).
Irrigation Scheduling (Trimmer and Stasney, 1994).
Forest Stand Dynamics (Oliver and Larson, 1990).

YV V V V

Evapotranspiration and Irrigation Water Requirements (Jensen and others, 1990).
4.6 Irrigation

Average Annual lawn watering rates in urban areas were calculated as 50% of total per capita
water use rate provided by the Planning Unit of 320 gallons per day (gpd). This average rate was
sub-divided into a monthly hydrograph using the monthly demand distribution in the Technical
Assessment (Golder, 2003). The daily timing of lawn watering was developed based on
conversations with Stan Miller of Spokane County.

Agricultural irrigation demands were calculated in the Technical Assessment (Golder, 2003).
The timing of agricultural irrigation was estimated based on conversations with Stan Miller of
Spokane County and experience in similar basins.

The spatial distribution of irrigated lands, including residential lawns, agriculture and ground
surface wastewater discharge areas, were obtained from the following four land GIS coverages.

o Agricultura Irrigated Acreage. Generated by Spokane County from field surveys with
notes for the Irrigated Land Survey for Spokane County and aeria photos from 1995 as a
reference.

e Urban Irrigated Areas by parcel. Generated by Spokane County from parcel data.

e NLCD Land Cover created by the USGS (used for areas outside of the WRIAS).

o Wastewater ground surface discharge locations obtained from Spokane County.
Residential Irrigation water is provided by either municipal water systems or exempt wells.
Irrigation sources were determined using water district boundaries obtained from Spokane
County for the Technical Assessment (Golder, 2003). Water district purveyors are assumed to

serve residential irrigated areas within their boundaries, while exempt wells are assumed to serve
irrigated areas outside of water district boundaries.
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Tota irrigation is then calculated as:
Total Irrigation = Irrigation Demands * Irrigated Areas.

Where Irrigation Demands and Irrigated Areas both have many data sources and therefore must
be averaged across the basin based on available data.

47 Riversand L akes

Geographic Information System (GIS) coverages of streams in the basin were obtained from both
the Washington Department of Transportation (WSDOT) and Ecology for the Technical
Assessment (Golder, 2003).

A total of 63 field measured river cross sections were supplied by several sources including
Spokane County, Spokane County Conservation District, USGS and Ecology.  Cross section
data included in the model has been collected at various times over the past 30 years.

L ake bathymetries were obtained from Wolcott (1973).
4.8 Dams

Spokane County, the City of Spokane and Avista Utilities provided Dam operational and physical
information.

4.9 Wastewater Discharge

Wastewater discharge data was compiled by Spokane County for the Technical Assessment
(Golder 2001). It consists of monthly discharge rates and the location and type of discharge.

410 Unsaturated Zone

The spatia, vertical extent, and hydrologic groupings of soil types in the basin were obtained
from Spokane County GIS and the Natural Resource Conservation Service (NRCS; formerly the
Soil Conservation Service [SCS]) of the United States Department of Agriculture (USDA) for the
Technical Assessment (Golder, 2003). Soils coverage from Spokane County is a digitization of
original county soil survey maps (USDA SCS, 1968; USDA 1978; USDA SCS, 1980). Sail
coverage for Stevens County, Washington and Kootenai County, Idaho were obtained from the
NRCS SSURGO database.

Soil hydraulic properties related to hydrologic soil groups were obtained from the Soil Survey
Manual (Soil Survey Division Staff. 1993), SEEPW Software package (Version 5), and the paper
titled “Estimating Generalized Soil-Water Characteristics From Texture” (Saxton and others,
1986).

The following GIS coverages and documentation sources were used to estimate drywell recharge
through the unsaturated zone.

o GIS coverages of sewered areas and the urban growth area were supplied by Spokane
County for the Technical Assessment (Golder, 2003).

e GIS coverages of drywell locations were obtained from Spokane County. This coverage
included the majority of drywells on public rights of way.
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e Methods for estimating drywell locations on private and city land, based on impervious
area, were provided in a memo from Spokane County (received 7/25/02). This memo can
be found in Appendix A.

411  Geology
The mgjority of the geologic data used in the model was obtained for the Technical Assessment

and is presented in more detail in that report (Golder, 2003). Data sources include the following.

o Cross-sections of the Spokane Valley were obtained from both the Washington State
Department of Natural Resources (Derkey, 2000) and seismic investigations completed
by CH2M Hill (2000).

o Cross-sections for the Little Spokane River Valey and Deer Park were obtained from
Boese and Buchanan (1996) and EMCON (Deer Park only; 1992).

e Additional geologic cross sections of various areas within the model domain were
obtained from the DNR (In Press, 2002).

e The horizontal extent of the Tertiary and Quaternary units against the surficial exposure
of crystalline basement rock was obtained from a surficial geology map created by the
DNR (In Press).

412  Hydrogeology

A number of previous modeling efforts in the Spokane Valley were used in the estimation of
hydrogeologic parameters for the SVRP Aquifer. These reports are summarized in the Technical
Assessment (Golder, 2003).

e Bolke and Vaccaro, 1981.

e Buchanan and Olness, 1993.
e Buchanan, 1999.

o CH2M Hill, 1999.

For northern Spokane County (e.g., the Deer Park area), estimates of lateral hydraulic
conductivity were compiled by Boese and Buchanan (1996).

413 Abstraction Wells

Municipal and industrial abstraction well locations and monthly withdrawal rates were provided
by Spokane County for the Technical Assessment (Golder, 2003).

414  Groundwater Surface Water Interaction
Leakage coefficients and the magnitudes of gaining and losing reaches were reported in the
Technical Assessment (Golder, 2003). Reports providing estimates of leakance values for the
Spokane River include:

e Bolkeand Vaccaro, 1981; and,

e CH2M Hill, 1998.

Many aquifer interactions studies have been completed in which the magnitude of gaining and
loosing reaches of the Spokane River have been estimated through measurements and modeling.
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Each report presented dlight variations on the magnitude and location of gaining and losing
reaches of the Spokane River. The following reports were reviewed in Appendix D of the
Technical Assessment (Golder, 2003):

e McDonad and Broom, 1951,

e Broom, 1951;

e Drost and Seitz, 1978;

e Bolke and Vaccaro, 1981,

e Miller and others, 1996;

e CH2M Hill, 1998;

e CH2M Hill, 2000;

e Gearhart and Buchanan, 2000; and,

e USGS (ongoing).
The topography of the land surface and the elevation of the riverbed affect the resulting
aquifer interactions. The elevation profile of the Spokane River was defined through 48 cross
sections. The elevation of the Little Spokane River was defined through 10 measured cross
sections. The remaining tributaries of the Little Spokane River had two or fewer measured

cross sections. Topography of the land surface was supplied through the USGS DEM
(Section 4.1) that was dissolved to the 400 m model grid size.
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50 DESCRIPTION OF MIKE MODEL

The MIKE Suite of software used for modeling the hydrologic system of WRIA 55 and WRIA 57
includes two distinct packages: MIKE 11 Hydrodynamic (MIKE 11 HD) and MIKE SHE Water
Movement (MIKE SHE WM) both developed by the DHI. These two models can be integrated
to effectively model surface water and ground water interactions.

51 MIKE 11

MIKE 11 HD is a software package developed to simulate flows in estuaries, rivers, irrigation
systems, channels and other water bodies. MIKE 11 HD utilizes the 1-Dimensional Saint Venant
equations, which are vertically integrated equations for the conservation of continuity and
momentum. The version of MIKE 11 used was 2001b, build 4.302. MIKE 11 is a Microsoft
Windows based software code and can run on Windows 95, 98, NT, 2000 or XP.

52 MIKE SHE

The MIKE SHE WM software package was developed to simulate the interrelationships of
hydrologic process including the saturated and unsaturated zone, overland flow, evaporation,
evapotranspiration and snow melt (Danish Hydraulic Institute, 2000; Table 5.1).

The model used to simulate the hydrologic processes in the WRIAs 55 and 57 presented in this
report uses MIKE SHE WM Version 5.44, released October 2001. This version of MIKE SHE
was originaly developed for UNIX and exported to Windows and therefore requires Xwindows
in order to run (this is bundled with the software). MIKE SHE can run on Windows 95, 98, NT,
2000 or XP.

Additional modules purchased or provided by DHI for modeling include:

e MIKE SHE IR — This module provides a water accounting module that provides for
irrigation demands, sources and application methods.

o MIKE SHE GIS Converter — this module provides a method to transfer geographical data
to and from Arc View version 3.1.

e MIKE SHE Pre and Post Processing (PP) — this module provides a method to retrieve
results from model runsin both graphical and tabular forms.

A windows version of MIKE SHE was released in November 2002.
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6.0 MODEL SETUP
This section describes the data preparation and model setup.
6.1 Model Domain/Grid

The model domain is shown in Figure 6.1. The domain encompasses all of WRIA 55 and WRIA
57, except for small portions of WRIA 57 that drain to Idaho. These areas were discussed the
Technical Assessment and consist of a small area to the north (Blanchard Creek WAU) and
another areato the south of WRIA 57 (southern half of Liberty Creek WAU), both adjacent to the
Stateline. (Watershed Administrative Units [WAUS| are subbasins defined by the Washington
Department of Fish and Wildlife) Contributions of water from these areas to flows in the
Spokane River are accounted for in the surface water and groundwater boundary conditions of the
model near the Washington-ldaho Stateline.

Two additional areas were included in the model domain that are outside the WRIA boundaries;
the area between the Stateline and Post Falls in Idaho that overlays the SVRP Aquifer, and the
portion of WRIA 54 that contains the reach of the Spokane River between the Spokane River at
Spokane USGS gage and river mile 44.8 of Long Lake on the Spokane River. Thiswas done for
one of two reasons.

1. Data at the WRIA boundary was not sufficient to model the actual flow across the
boundary or anatural divide exists elsewhere.

2. The boundary is some distance from areas of interest to ensure that the model can
simulate that area.

MIKE SHE solves simulations using the finite difference method over a uniform grid that
includes the model domain. This grid extends from just west of the WRIA boundary into Idaho.
Cells outside of the model domain have an “ignore” vaue that indicates the model should
currently not run simulations in those cells. The grid used for MIKE SHE has the following
coordinates (State plane NAD83).

> x-lower left = 735177.6 m (2412000.0 ft)
y-lower left = 67056.0 m (220000.0 ft)
X-upper right = 822681.9 m (2699087.5 ft)
y-upper right = 142059.7 m (466075.0 ft)
Cell Size 400.0 m (1312.4 ft)

YV V V V

The grid is shown in Figure 6.1. There are atotal of 17,709 cells in the model domain: 10,950
cellsin WRIA 55, and 3,458 in WRIA 57. The Spokane model was completed in metric units;
unit conversions can be found in Table 1.1. The horizontal datum is Washington State Plane
NAD83 (m); the vertical datum isNAVD 88 (m).

6.2 Channel Flow

MIKE11l HD requires data on surface water channels including elevation, length, blocking
structures, cross sections, roughness, and leakage coefficients. Only the primary river and/or |ake
in each Watershed Administrative Unit (WAU) were modeled (Table 6.1, Figure 6.1). MIKE11
HD channel notation dictates that river lengths and locations are identified by chainages.
Chainages are equivalent to river miles, except that chainages are measured from the headwaters
to the mouth, with the headwaters being chainage 0.0 m, and the mouth being set to the total
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length of the river in meters (the reverse of river miles). In situations where the headwaters are
not modeled (such as on the Spokane River) the upstream and downstream boundaries are still
notated as the distance from the headwaters — not chainage 0.0 m. The chainage at the upstream
extent of the Spokane River within the model domain was assigned a value of 18,428.4 m.

The river network of the model was digitized based on data contained in WSDOT and Ecology
GIS coverages. Digitization of rivers provides the general horizontal location of the river over
the DEM. Cross sections provide elevation and channel shape. Table 6.1 also summarizes the
number of measured and created cross sections for each modeled river. Appendix A lists all cross
sections obtained for this project.

Measured cross sections were received in various formats. Cross section elevations and locations
need to match the model 400m square DEM as closely as possible to prevent “floating” or
“submerged” rivers. Several steps had to be taken to prepare this data for the model.

» River miles were added, changed, or verified with USGS river miles (where possible),
and converted to metric.

» Cross section elevations that were supplied as arelative elevation had to be referenced to
the USGS DEM.

» Cross section elevations that were supplied as referenced elevations were checked against
the USGS DEM and, where necessary, converted to NAVD 88 (m).

Where sufficient cross section data was not available, ground surface elevations were extracted
from the USGS 10 m DEM and a default trapezoidal channel was inserted to represent the river
channel.

Channel roughness values were not explicitly provided for most of the rivers in the watershed,
though channel descriptions of substrate and geomorphologic data was provided for the Spokane
River (Box and Wallis, 2002). An average range of Manning's roughness values was used
depending on the population density, slope and land cover in the river basin. These values range
from 0.045 to 0.090. Reported Manning’s roughness values range from 0.011 for a sandy plane
bed type to 0.1 for streams with a high boulder density and low flow depths (Maidment, 1993).

Leakage between the river and the aquifer is controlled by the permeability of the riverbed and
the hydraulic conductivity of the saturated zone. The exchange flow is described by a Darcy
approximation as a function of the head gradient and the riverbed conductance (calculated
assuming flow resistance in the river lining and the saturated zone). Where bedrock is known to
line the riverbed, leakage is set to 1.0 E-10 s*. Leakage estimates for the Spokane River and
portions of the Little Spokane River were developed in previous modeling efforts (Table 6.2).
These estimates were used for initial leakage values where possible. Leakage coefficients used in
final calibrated model runs are shown on Table 6.3.

The Spokane River within the model domain has 7 main structures in and off channel. The
MIKE 11 structures module was not purchased for this project because the operations of the
hydroelectric projects are expected to have little impact on the overall hydrology of the Spokane
River due to their operation as run-of-river projects. Therefore a weir, designed to contain water
behind the structure at recorded normal elevations, represents each structure. Table 6.4 shows
information on structures provided by Spokane County, Avista Utilities and the City of Spokane.
Structures on the Spokane River included in modeling are:

e The Upriver Diversion Dam at chainage 0.0 of the Upriver Side Channel,
e The Upriver Powerhouse at chainage 51.2 km of the Spokane River,
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o The Upper Falls Control Works at chainage 0.0 of the Upper Falls Side Channel,

e The Upper Falls Powerhouse at chainage 60.1 km of the Spokane River, and
e TheMonroe Street Dam at chainage 60.5 km of the Spokane River,
e TheNine Mile Dam at chainage 86.0 km of the Spokane River.

6.3 M eteorological Data

Precipitation and temperature data were input to the model as daily, 4 km gridded data. A
method outlined in Bauer and Vaccaro (1987) was used to calculate daily, distributed data across
the watershed. In this method, point daily measurements are weighted by the inverse square of
the distance between the gage and the cdl centroid, and corrected by the ratio of the mean
monthly PRISM precipitation to the mean monthly measured precipitation at the gage. Monthly
and annual maps of PRISM distributed data were presented in the Technical Assessment (Golder,
2003); Figure 6.2 displays the locations of daily, meteorological gages. A 4 km grid for
meteorological input was chosen because a 400 m grid would be too computationally intensive
(DHI, professional communication, 2002). Use of 4 km gridded data for precipitation and
temperature is still numerically intensive and required a recompiled version of the MIKE SHE
WM executable software.

Two parameters control simulation of snowmelt: the degree-day snow melts factor, and the
threshold at which snowmelt occurs. These parameters are required to be uniform across the
watershed. The degree-day snowmelt factor was set to 2.0 mm snow/day/°C, and the snowmelt
threshold was set to 1.0°C.

6.4 Overland Flow

The overland flow module of MIKE SHE requires topography and a spatial map of roughness
coefficients (Strickler’ s roughness coefficients).

USGS DEM provided a topographic coverage of the watershed. Each map was converted from
NGVD29 (m) datum to NAVD88 (m) datum using Corpscon Version 5.11. The DEM grid cell
size was then increased to a 400 m cell size for mode input using the MIKE SHE Converter
extension for ArcView. Additional edits were made to the DEM to represent the depth of
|akebeds (the DEM represents the water surface, not the lake bottom).

The USGS National Land Cover Data (NLCD) GIS grid coverage provided a distribution of 21
classes of land cover for the Spokane Watershed. Each class was assigned an initial value for
Strickler’s roughness coefficient (m“%/s) for overland flow. The assigned Strickler’'s roughness
values were decreased to 60% of the original values during calibration based on conversations
with DHI regarding recommended ranges of roughness coefficients. The 30 m NLCD grid was
converted to a 400 m grid by aerially averaging roughness coefficients. Land cover classes were
assigned roughness coefficients and total acreage within the model domain (Table 6.5, Figure
6.3).

6.5 Unsaturated Zone
Unsaturated zone data setup includes the depth, distribution and hydrologic characteristics of

soils within the model domain. In addition, drywell effects are handled within the unsaturated
zone computational component.
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Soils within the model domain were grouped into four types based on NRCS hydrologic soil
groups for the Technical Assessment (Table 6.6, Figure 6.4). Each NRCS soil group represents
the saturated hydraulic conductivity of the entire soil column.

Soil depth in the NRCS SSURGO soils database for the watershed ranges from 20 inches to 60
inches. A uniform soil depth of 1.5 m (60 inches) was chosen for the entire domain. Because
MIKE SHE dynamically changes the boundary between the unsaturated zone and the saturated
zone, the definition of the unsaturated zone must extend to the deepest depth the aquifer water
table might reach. Therefore, aquifer materials (which are already defined for the saturated zone)
are specified from below the initial 1.5 m of soil to the water table. During simulation the model
calculates movement in the unsaturated zone using user-defined vertical layers of the tota soil
depth vertical discretization ranges from 0.1 m, at the surface, to 1.5 m at the base of the soil
profile.

Soil hydrologic characteristics required by MIKE include vertical saturated hydraulic
conductivity and moisture retention curves with at least three data points, including water content
and pressure head at saturation, field capacity, and wilting point. Ranges for vertical saturated
hydraulic conductivity for each hydrologic group were obtained from the Natural Resource
Conservations Service. (1996), Vertica saturated hydraulic conductivity of aquifer materials was
based on an average of vertical conductivities used for that layer in the saturated zone.

Generalized moisture retention curves are not available from the NRCS for each hydrologic soil
group. Therefore a database of moisture retention curves available in the SEEP/W software
package was used (Geo-Slope, 2001). SEEP/W uses a standard set of sediment types (e.g., coarse
sand, silt, silty clay) and assigns a standard hydraulic conductivity value and soil moisture
retention curve for each type. Each hydrologic soil group in the model area was associated with a
hydraulic conductivity value for the generic soil groupsin SEEP/W (Figure 6.5).

MIKE SHE generates the specific yield of the saturated zone of layer 1 based on the deficit
between the moisture content at effective saturation and the moisture content at field capacity of
the material in which the water table resides at the start of the run. Both of these are specified as
part of the moisture retention curve in the unsaturated zone.

Drywell simulation was determined to be most accurately represented by the unsaturated zone
module. The MIKE SHE model does not have an explicit method for simulating drywell
recharge, therefore it was determined that a function of the unsaturated zone, called a “bypass’,
provided the best representation of drywell infiltration. The bypass function works by recharging
a specified percentage of groundwater directly to the saturated zone when the water content in the
unsaturated zone is greater than a minimum value. When the water content in a cell falls below
the minimum water content, the recharge volume is linearly decreased until the water content
falls below a stop value, after which water no longer bypasses the unsaturated zone.

The number of drywellsin agrid cell was estimated through the following steps (see Appendix A
for memo detailing calculations).

e A percent impervious areawas assigned to land use codes defined for counties within the
model domain.

o Itisassumed that every 15,000 square feet of impervious areain a cell drains to one
drywell, and that drywells only exist outside of sewered areas within the urbanized
area.
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o The final drywell estimate is compared to a drywell GIS coverage provided by Spokane
County for al public rights-of-way. The estimated number of drywells should be equal
to or dlightly greater than the number provided in the Spokane drywell coverage.

e Drywells are then grouped based on the total number of drywellsin acell and assigned a
percent recharge value based on the number of drywellsin that group.

The following list displays the drywell groups and the assigned percent increase in recharge over
natural levelsin acell.

o 0-9drywells, 4.2% increasein recharge

o 9-20drywells, 6.7 % increase in recharge

o 20-33drywells, 12.3 % increase in recharge

e 33-58drywells, 21.2 % increase in recharge

o 58-—87 drywells, 40.5% increase in recharge

The distribution of these drywell groups is shown on Figure 6.4 on top of the hydrologic soil
groups.

6.6 Saturated Zone

Saturated zone input includes the spatial and vertical extent of geologic layers, hydrogeologic
parameters, initial conditions and boundary conditions for each layer. This section first describes
how the modeled geologic layers were determined and created and then describes the components
that make up each layer. More detailed information on the geology and aquifers within WRIA 55
and WRIA 57 can be found in the Technical Assessment (Golder, 2003).

6.6.1 Geologic Layers (Stratigraphy)

Geology in the model domain is composed of 2 aquifer layers, alow conductivity geologic lensin
the Hillyard Trough and Lower Spokane area, and an impermeabl e basal boundary .

6.6.1.1  Quaternary Glaciofluvial Sediments— Layer 1

Layer 1 was defined by the extent of glaciofluvial sands and gravels within the model domain.
The bulk of groundwater within the model area occurs within the coarse-grained glaciofluvial
sediments deposited in ancestral river valleys of what are now the Spokane River and Little
Spokane River Valleys, as well as in the Diamond Lake Basin. These sediments are generaly
highly permeable, being composed of coarse sand and gravel, and exhibit little anisotropy.
Because of these characteristics, the glaciofluvial sediments are defined as a separate model layer
from the Tertiary units. The extents and elevation of the bottom of Layer 1 is shown in Figure
6.6.

6.6.1.2 Low- Conductivity Lens

In the vicinity of the Hillyard Trough and the junction of Deadman Creek with the Little Spokane
River, a lens of low-permeability glaciolacustrine clay exists that divides the unconsolidated
glaciofluvial aquifer into confined and unconfined components. Because the hydraulic
characteristics of this lens differ significantly from the surrounding glaciofluvial sediments and
may greatly affect groundwater flow within the glaciofluvial layer, this lens is defined separately
in the model. However, due to the limited spatial extent of the unit, it is entered into MIKE SHE
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asageologic lenswithin Layer 1, rather than a complete layer. The location of the Low K lensis
shown on Figure 6.6.

6.6.1.3  Tertiary Basalt/Latah Formations — Layer 2

Layer 2 was defined by the extent of the basalt and Latah Formation within the model domain.
The basalt and the coarser layers of the Latah Formation can be significant groundwater sources
in the North Spokane County area; therefore the Tertiary units are defined as a single model layer
separate from the crystalline basement and overlying Quaternary sediments. Though the
hydraulic characteristics of the basalt and Latah Formation can differ significantly, the
considerable interbedding of the two units prevent separation into two layers. These differences
in hydraulic characteristics range from the anisotropic, highly permeable fractured zones within
the basalt, to homogeneous clay-rich or gravel-rich layers within the Latah. However, the
significant vertical stratification within the Latah Formation as a whole between clay and coarse
sand/gravel may create similar bulk hydraulic properties as the basalt, which is characterized by
layers of high hydraulic conductivity in the fractured zones alternating with layers of very low
conductivity in the massive, mid-flow zones. Thus, lumping of the two geologic formations into
one model layer is considered justified, particularly at the scale of the watershed model. The
extents and elevation of the bottom of Layer 2 is shown in Figure 6.7.

6.6.1.4 Impermeable Basal Boundary

The basal impermeable boundary of the model was defined by the upper surface of the crystalline
basement rock. This unit is defined as impermeable because it has low hydraulic conductivity,
except for the fractured top zone, and is not considered a significant source of water in the context
of this model. The majority of groundwater within the model area occurs within the units
overlying the crystalline basement rock, notably in the Tertiary basalt and Latah Formation, and
the Quaternary glaciofluvid units.

6.6.2 Stratigraphic Complexities

Previous groundwater models of the Spokane area have not encompassed the entire watershed.
Because of this, definition and digitization of the horizontal and vertical extent of the geology
was conducted to generate model input. Previous investigations in the region (e.g., Boese and
Buchanan, 1996; Derkey and Hamilton, 2000; EMCON, 1992; CH2M Hill, 1999) have resulted
in detailed characterization of the geology, notably depth to the crystalline basement, and
thickness and aerial extent of the Tertiary and Quaternary units. Numerous geologic cross-
sections were generated for each of these investigations. These cross-sections, in conjunction
with geologic maps of the region, were used to characterize the geologic representation in the
model and create aquifer layer contours (Appendix B).

Definition of the geology was accomplished in a series of steps. Each cross-section was plotted
on a geologic base map of the model domain (Figure 4.12 in Golder, 2003). At horizontal
controls along each cross-section, depth below ground surface to the bottom of each geologic
layer was determined and plotted. A separate map was created for each layer. These points were
then contoured by hand using the geologic base map to aid in determining actua horizontal
extent. The map was especialy useful for delineating the lateral extent of the Tertiary and
unconsolidated deposits by the presence of crystalline basement at the surface.

Due to varying geologic definition by different investigators and a lack of available data in
certain areas of the watershed, independent interpretation of the geology in some areas was
required to define the layers for the model. Such areas are identified below:
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e The lens and layers of unconsolidated sediments within the Hillyard Trough were
redefined. In Boese and Buchanan (1996), the glaciolacustrine lens in the Hillyard
trough was not differentiated from the fine-grained Latah sediments. This caused
difficulty for interpretation of the Latah sediments overlying the basat. All
unconsolidated units other than the coarse sand/gravel were lumped into one unit,
“Undifferentiated Clay, Sand, and Landslide Deposits’. Thus, only clay within the coarse
gravel was chosen to represent the lens. All other clay was included with the upper Latah
Formation (Layer 2).

o Loess and Latah sediments within T26N, R44E, the southwest quarter of T27N, R44E,
and the eastern third of T26N, R43E were redefined. In the DNR cross-sections, |oess
and Latah sediments appear to be misinterpreted as Quaternary clays. When contouring,
identification of these units as Quaternary did not make sense. Consultation of the
geologic map showed these units mapped as Tertiary and loess.

e Inthe Diamond Lake area, no previous studies have characterized the depth to bedrock.
In order to contour the Quaternary unit in this area, the surficial geologic map was used
in conjunction with well log data. No well logs were available for Diamond Lake, but
total depths of wells were available. Though they are a rough estimate, total well depths
were used as an estimate of the depth to bedrock. Therefore the thickness of the
unconsolidated sediments used in the model represents a minimum actual thickness. In
areas with multiple well logs, the deepest well log was used. These depths were then
contoured using the crystalline basement exposure as the bounding lateral extent.

e Original contouring of flood gravels did not extend beneath Newman and Hauser Lakes.
Originally, this was because flood gravels did not appear on the surficial geology map
(lacustrine and aluvial deposits are mapped) and none of the cross-sections used for
contouring extend into these areas. However, these lakes are thought to be in hydraulic
connection with the SVRP Aquifer (based on modeling conducted by Buchanan), so the
layer was extended beneath the two lakes. Though flood gravels are not present at the
surface, it is likely to be present in some thickness beneath the lacustrine deposits based
on the truncation of the unit against the lacustrine unit. This was assumed when mapping
the layer beneath the two lakes. In the northern portions of the lakes, bedrock is mapped
to the lakeshore, so it was assumed that flood gravels extended only partially beneath the
lakes, though still enough to maintain hydraulic continuity with the aquifer. Even though
flood gravels may not extend beneath the lakes, the lacustrine and alluvial sediments are
permeable enough to transmit water to the aguifer, allowing them to be included with
flood gravelsin the Layer 1 sediments.

The contours of the geologic layers and lens were digitized and converted into a GIS shapefile.
The contour shapefiles were converted to MIKE's *.dig format as digitized lines; the *.dig files
were then imported into and converted by the MIKE SHE package T2INTP. T2INTP utilizes a
bilinear interpolation with up to four point values surrounding each output point. The
interpolation method did not completely extend between contours in areas where there was little
change in elevation (therefore having contour lines spaced further apart). Therefore, once the
grid was created, manual interpolation was used to fill in areas where T2INTP did not create grid
outputs.

6.6.3 Hydraulic Aquifer Properties

Each geologic layer requires spatial definitions for horizontal hydraulic conductivity, vertical
hydraulic conductivity, and specific yield (unconfined conditions) or specific storage (confined
conditions). Figure 6.8 displays the hydrologic properties used for each geologic layer and lens
(Appendix B).
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6.6.3.1  Spokane Valley Rathdrum Prairie Aquifer

The spatia distribution and conductivity values estimated by Buchanan (1999) and CH2M Hill
(2000) were used to develop initial conductivity values for this modeling effort. These values
were further refined during this modeling efforts calibration.

Characterization of the vertical anisotropy in the sand/gravel aguifer has not been conducted.
Previous investigations have assumed various values for vertical hydraulic conductivity. CH2M
Hill (1999) used a ratio of 10:1 between horizontal and vertical conductivity because their
modeling was focused on wellhead capture zones and needed to be conservative. Bolke and
Vaccaro (1981) used a ratio of 3:1, based on the absence of significant stratification in the
sand/gravel unit. Because this study is focused more on large-scale water movement rather than
smaller-scale wellhead protection, the ratio of 3:1 use by Bolke and Vaccaro (1981) is used in this
modeling effort for horizontal to vertical hydraulic conductivity.

Initial values for specific yield were also obtained from Bolke and Vaccaro (1981). These
estimates were initially based upon comparison of lithologic information with tables relating
specific yield to grain size. These values were further refined during calibration of their model.
These final values were used for this project and compiled into a distribution map for import into
the model and calibration of the aquifer parameters specified in the unsaturated zone (see Section
6.5).

6.6.3.2  Little Spokane Watershed Aquifers

Estimates of horizontal hydraulic conductivity, compiled by Boese and Buchanan (1996), are
provided for the Tertiary basalts (Wanapum and Grande Ronde) and for various areas of the
sand/gravel aguifer in the Little Spokane Watershed. Based on previous investigations (e.g.,
Boese and Buchanan, 1996; EMCON, 1992), the Grande Ronde basalt is the prevalent basalt
comprising the Tertiary aquifer in Northern Spokane County. The Wanapum basalt is mainly
found capping mesas such as Orchard Bluff. Because the Grand Ronde Basalt is the dominant
lithology in the Tertiary stratigraphy, hydraulic properties of the Grand Ronde Basalt were used
to represent Tertiary unit (Layer 2). Estimates of lateral hydraulic conductivity for the Grande
Ronde basalt range from 0.0015 m/day to 768.7 m/day (0.005 ft/day to 2,522 ft/day). Estimates
for vertical hydraulic conductivity of the basalt flows range from 0.00015 m/day to 1.07 m/day
(0.0005 ft/day to 3.5 ft/day; Whiteman and others, 1994 in: Boese and Buchanan, 1996).

For this study, an initial value of 0.015 m/day (0.05 ft/day) was used for horizontal hydraulic
conductivity (lower range of the Grande Ronde estimates). However, as calibration proceeded,
this value was increased to 4.84 m/day (15.9 ft/day).

A 10:1 ratio of horizontal to vertical hydraulic conductivity was assumed, also based on the
values given in the lower ranges of the horizontal and vertical conductivity estimates, resulting in
avertical hydraulic conductivity of 0.484 m/day (1.59 ft/day) used in the model.

Vaues for specific yield or storativity for northern Spokane County were obtained from Boese
and Buchanan (1996). A summary of values for the different geologic units at different areas is
presented in that report. These values were included in a map that was imported into the model.

6.6.4 Saturated Zone Drainage

MIKE SHE contains a drain module for routing water out of the shallow depths of the ground.
This module can be used to simulate flow from perennia streams, streams not modeled in Mike
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11 HD and interflow. Interflow constitutes an important contribution to the river runoff in the
Little Spokane Watershed. . The drainage module requires definition of a spatial area where
drainage is simulated, drain level (elevation or depth below surface), and a detention time
constant. Drainage then occurs when the saturated zone water table rises above the drain level.
Drainage outflow from an individual cell is calculated using the following equation:

Drainage Outflow (m?/s) =
Detention Time Constant * (Saturated Zone Head— Drain Level) * Cell Area

Drains were primarily implemented outside of the Layer 1 aquifer areain WRIA 55 (Figure 6.6
for Layer 1 extent). A uniform time constant of 1 x 10" s* was specified as the drainage constant
for the entire drained area. Drainage levels range from 1 m to 2 m below the ground surface. No
previous data or studies were available to determine drainage parameters.

6.7 Evapotranspiration

Evapotranspiration includes evaporation from soil, snow, water and plant surfaces and
transpiration from plants. Evapotranspiration is calculated by the model using spatial and time
varying potential evapotranspiration (PET) along with the relative evapotranspiration potential of
vegetative cover, unsaturated zone characteristics, water surfaces, snow coverage and saturated
zone characteristics.

PET is by far the most influential parameter of the evapotranspiration component. Monthly PET
estimates were calculated using the Blaney Criddle FAO (Doorenboos and Pruitt, 1977) method.
This method was chosen based on the availability of crop coefficients, which is also required by
the model. PRISM monthly gridded daily temperature estimates provided spatial distribution of
temperature for the calculation. PET dataisinput on a4km sguare grid resol ution.

Distributed land coverage of vegetation was created using NLCD and Spokane County data.
Because there is a wide range of vegetation found in the Little and Middle Spokane and little
specific data on vegetation characteristics, vegetation groups were created to reflect available data
and model demands (Table 6.7, Figure 6.3).

Vegetation characteristics were pulled from several studies and reference manuals (see Section
4.5; Table 6.8).

6.8 Irrigation

The rates used are as follows (Golder, 2003).

e Lawn watering: 3.69 ft/yr. Lawn watering was assumed to occur for two hours a day,
every other day, during April through October. This results in a total annual volume of
56,300 AF/yr of irrigation over 15,260 irrigated acres.

e Agriculturd irrigation, WRIA 55: 1.64 ft/lyr; WRIA 57: 158 ft/yr. Agricultura
irrigation was assumed to occur for 24 hours a day for a full week, every other week of
the irrigation months. No irrigation occurs during November to March. This results in
5,880 AF/yr of irrigation over 3,360 acres. These irrigation rates may be lower than
actual use dueto over irrigation of cropland, distribution losses, and other factors

Coverages of irrigated agricultural and residential lawns were provided by Spokane County.
Additionally, areas where wastewater is discharged to the surface, such as a golf course are
included as irrigated areas. These areas were merged into an irrigated area coverage. The
residential lawn coverage was generated from parcel data. Parcels with Property Code 11 or 12
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(single and multi-unit housing) and having an improvement of $20,000+ were selected for areas
with potential urban irrigation. Urban irrigated areas were assigned using the following
algorithm:

Property Class 11
For parcel area <5,500 ft* Irr_area= ([parcel area — 3,000) * 100%
For parcel area5,500 — 10,999 ft*  Irr_area = ([parcel area] — 3,000) * 90%
For parcel area 11,000 — 16,499 ft* Irr_area= ([parcel area] — 3,000) * 80%
For parcel area>=16,500 ft?Irr_area = 10,800 ft*

Property Class 12
For parcel area <5,500 ft* Irr_area= ([parcel area] —3,000) * 80%
For parcels area 5,500 — 11,000 ft* Irr_area= ([parcel area] — 3,000) * 60%
For parcels area>11,000 ft? Irr_area = 4,800 ft

Irrigated areas are displayed on Figure 6.3. However, it should be noted that a cell is either
irrigated or not irrigated in the model. Therefore the distribution of irrigated areas is more
dispersed than what is used in the model. However, irrigation rates for each cell are scaled to
result in the correct total volume of irrigation.

The source of irrigation water was assumed to be a municipal purveyor well if it iswithin current
water district boundaries and from shallow well within the same cell if it is outside of water
district boundaries.

6.9 Groundwater Withdrawals

Purveyor, industrial/commercial and residential exempt wells groundwater withdrawals occur
within the watershed. Withdrawals were divided into purveyor/industrial/commercial, and
exempt.

Abstraction rates for the purveyor/industrial/commercial group were supplied by Spokane
County. A tota of 277 wells were identified. Of those wells, 49 were not modeled because the
well was outside of the modeled aguifer boundaries. This is only 0.38% of the total abstraction
volume. An additional 37 wells were not modeled because abstraction rates were not specified.
In total, 191 wells were modeled accounting for a total annual withdrawal of 52,663 million
gallons per year (Figure 6.9). A list of all abstraction wells provided by Spokane County can be
found in Appendix B.

Abstraction rates for the exempt well group are modeled at consumptive use rates only,
accounting for lawn watering or agricultural irrigation. Modeled abstraction rate equals
consumptive use estimates. Because the locations and depths of exempt wells are unknown, it is
assumed that where an irrigated area (such as a lawn) exists, one or more exempt wells to irrigate
that lawn also exist. These exempt wells are modeled as “shallow wells’. This causes the model
to extract groundwater from the same cell from which water demand (irrigation) occurs (see
Section 3.7). The discussion of irrigation demands can be found in Section 6.8.

6.10 Boundary Conditions

Boundary conditions are assigned to portions of the model where hydrologic conditions are
known or cannot be calculated independently by the model. The Spokane model was assigned
surface water flow and water level boundaries and groundwater head and impermeable
boundaries.
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6.10.1 Surface Water

Two external boundary conditions exist in the surface water domain of the model

e The Spokane River enters the model domain at the USGS Post Falls gage (USGS Stn #
12419000). This gage provides continuous daily discharge measurements from which a
time varying flow boundary is assigned.

e The western boundary of the model domain occurs at chainage 107.5 km of the Spokane
River in Long Lake. A constant water elevation of 469 m NAVD 88 was assigned to this
boundary. In redlity, the water surface elevation of Long Lake typicaly varies by
approximately 0.91 m (3 ft) throughout the year and sometimes can vary as much as 10 ft
but the distance of this boundary from the WRIA boundary indicated that a constant
water surface elevation boundary would suffice.

Internal surface water boundary conditions include Hangman Creek inflows to the Spokane River
and several wastewater discharge locations. Hangman Creek intersects the Spokane River at
chainage 63.2 km. USGS gage Hangman Creek (Stn # 12424000) provided discharge data for
this boundary. Table 6.9 details the location, type and monthly discharge rate of each wastewater
discharge boundary condition.

6.10.2 Groundwater

Impermeable boundaries were assigned to al but two areas of Layer 1.

1. The eastern edge of the model domain where the SVRP flows towards the Stateline;
and,

2. The northeastern point of WRIA 55 near Newport where there is estimated to exist a
hydraulic connection with Pend Oreille Watershed (WRIA 62).

Figure 6.9 shows the location of permeable and impermeable boundaries and the location of wells
used to define permeable boundaries.

Two boundary conditions were evaluated at the SVRP eastern boundary. It was initially assigned
a normal gradient (flux) condition (Neumann’'s condition). A gradient boundary was chosen
because only sparse data is available around the boundary and it was assumed that the gradient
across the boundary remains constant even when the head is changing (CH2M Hill, 1994).
Gradient values were calculated using single water level measurements (only one measurement
was available) taken on Oct 30, 1996 from the following monitoring wells:

East Greenacres |D #3C (1528R03), east of Stateline
Greenacres Plant Food Center #1 (1531Q01), west of Stateline

Wolkenhauer (1521M01), Northernmost on the SVRP Model Boundary
East Greenacres ID #1C (1528N03), Midpoint

AW N P

5. Don Beck #1 (1528E01), Southernmost on the SVRP Model Boundary

WElls 1 through 3 were used to calculate the east to west gradient, while wells 4 through 6 where
used to calculate the north to south gradient. The following gradients were obtained:
e E-W gradient = 0.0065; and,

e N-Sgradient = 0.0039.



February 13, 2004 -28- 013-1372.2300

Time varying head condition was also implemented. Four wells along the boundary with
single water level measurements were used to create the boundary, these are:

e Schneidmiller (1533E01), measured 10/30/1996;

e East Greenacres ID #1C (1528N03), measured 10/30/1996;

e Wolkenhauer (1521M01), measured 10/30/1996; and,

e Unnamed, USGS (50N05W04CACC02), measured 3/1/2000.
An additional well in the area (5S0NO5WO01DABCO01), and two wells closer to the Stateline
(Idaho Rd. wells) with more than 1 measurement indicated that well water levels varied by
approximately 2 meters seasonally. A time varying head boundary was created for the
boundary wells by extrapolating an approximately 2 m fluctuation observed at the Idaho Rd.
wells and at USGS well # 50NOSWO01DABCO02. Table 6.10 shows measured and
extrapolated head level measurements used for definition of the time-varying boundary. The

time varying head boundary condition was ultimately chosen as the most accurate
representation of the eastern saturated zone model boundary.

The Newport boundary was assigned a constant head boundary based on four well water
levelsin thearea. Well water levels were obtained during well drilling activities.

e DL1-664m

e DL2-653m

e DL3-674m

e DL4-681m
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7.0 EXECUTION PROCESS

A MIKE SHE simulation is controlled by several simulation control parameters including the
simulation period, the simulation time step, iteration stop criteria, data storage selection and
storage time step. These parameters can impact the simulation run time, water balance error and
size of the stored resultsfile.

Three series of time steps are specified for a model run. The first controls the time step of the
overland flow, snowmelt, unsaturated zone and evapotranspiration modules (dtMax UZ/OC).
The second specifies the time step for the saturated zone (dtMax SZ). The third specifies the time
step for the MIKE 11 channel flow module (dtMIKE11). The following time step values were
used.

dtMax UZ/OC = 3 hours
dtMax SZ = 9 hours
dtMIKE 11 = 40 seconds.

With the above values, a single model run of one year runsin about 6 hours (Intel Pentium I11, 1.2
GHz, 768 MB RAM). Additional tuning of the model could likely further decrease run times.

The time steps above act as an optimal step to use during simulation, but actual time steps will
generally vary during a model run depending on simulation control parameters (MaxP and
MaxUZWB). MaxP indicates the maximum rate of precipitation that can occur before the time
step is reduced. MaxUZWB indicates the maximum water balance error that can occur during
one iteration of the unsaturated zone before the time step is reduced.

Iteration stop criteria control when each component’s iteration scheme will be stopped during
simulation. The following list identifies the type of iteration stop criteriafor each component.

e Saturated zone - mass balance and head criteria when less than maximum allowed
number of iterations.

e Unsaturated zone — mass balance error in one soil column, maximum water balance error
in one node when less than maximum allowed number of iterations.

e Overland flow — mass balance error or when less than maximum allowed number of
iterations.

The storage time step and type of data stored primarily impacts hard disk space. For example, a
model run for a single year with results stored on a weekly basis for all components takes almost
two gigabytes of disk space.
The MIKE SHE solution sequence is carried out in the following fashion (Figure 7.1):

e MIKE SHE isinitialized, reading input datafor each component;

e The unsaturated zone component is called, which calls the evapotranspiration and snow
melt components,

e Theriver aguifer exchange component is called next; and,
e The saturated zone component is called next if it is the correct time step; and,

e Theoverland component is called.
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It is recommended that MIKE SHE be run with a saturated zone time step that is 2 to 3 times that
of the unsaturated and overland components. Therefore the saturated zone is only called every 2
to 3 times that the other components are called.

During the solution sequence a large number of state and flow variables are set and used by the
other components to represent the entire hydrologic cycle. Table 7.1 shows variables set in one
component and transferred to another component.
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8.0 CALIBRATION

Model Calibration is the process of matching model results to field observations. The calibration
process is primarily aimed at obtaining and/or adjusting a set of model parameters in order to
provide a satisfactory agreement between model results and field observations. Determining
what is “satisfactory” is affected by the overal size of the model, the data available for
calibration and the objectives of the modeling process.

The overall size of the model affects the degree to which agreement can be expected. At one
extreme, calibration of small, well defined areas may require agreement of mean water levels to
be within inches of measured values, and daily or hourly variations to be accurate. For large
scale simulations data density may be low and only the overall response can be represented. The
Spokane Watershed Model falls towards the large end of the modeling scale, with a modeled area
of approximately 2,800 square kilometers (~1,094 square miles) and a grid size of 400 m?
(1,312.4 ft?). This grid size prevents the model from accurately representing individual points
such as drywells or impervious areas, but still allows it to represent the overall effect of these
processes.

The density of calibration data directly affects the accuracy of the simulation. For example,
calibration data is sparse in much of the Little Spokane Watershed, with only three surface water
gages in the mid and lower reaches of the Little Spokane River, and sparsely collected
groundwater level data from the last 10 years. On the other hand calibration data in the Middle
Spokane Watershed is relatively abundant. Groundwater levels are available throughout the
Spokane Valey, and continuous discharge data is available at four points along the Spokane
River. With thisin mind, it is expected that calibration of the Middle Spokane Watershed would
provide better agreement between measured and modeled data than that of the Little Spokane
Watershed. In short, good calibration to abundant data leads to greater confidence in the model
for simulating current and future conditions.

A continuous simulation was run for water years 1994-1999 based on weekly calibration of the
model for the years 1994, 1997 and 1999. These three years were presented in the Technica
Assessment as representative of the dry, wet and average hydrologic conditions respectively.
Cdlibration data included groundwater levels and measured river discharge collected during each
year.

81 Calibration Data
This section describes data used in model cdibration. Cdibration is conducted to observed

groundwater levels, river discharges and snow pack accumulation.
8.1.1 Groundwater Levels

Water level data used for calibration was obtained from a number of sources including: Spokane
County; EMCON (1992); Boese and Buchanan (1996); CH2M Hill (1998); USGS (2000:
http://montana.usgs.gov/nrok/nrokpage.ntm). Data from Spokane County is generally long-term
monitoring data while data from previous reports is limited to “snapshot” water level
measurements.

Wells used for calibration were chosen according to their placement within the aquifer, data
availability, and data quality. Where wells with an extended period of record were not available
(e.g., wells in Diamond Lake or Layer 2) snapshot data were used as an estimate of the water
level in the well.
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Figure 8.1 displays the location of calibration wells and river discharge points available for 1994,
1997 and 1999. Table 8.1 summarizes wellsused in calibration.

8.1.2 River Discharge

River discharge calibration points are shown in Figure 8.1 and in Table 8.2.

Cadlibration of river discharge in the Middle Spokane Watershed (WRIA 57) was aimed at
matching weekly discharges at

e The USGS Spokane River at Spokane gage (USGS stn 12422500);

e The Spokane River below Greene St gage (SCC gage at location of former USGS stn
12422000); and,

e The Spokane River above Liberty Bridge near Otis Orchard gage (USGS stn 12419500).

The Otis Orchard gage measures a losing reach of the river between the Stateline and Flora Rd.
The Greene Street gage measures river flows below a gaining reach of the river generally thought
to occur between Flora Road and Greene St. (MACINNIS AND OTHERS, 2000). The Spokane
River at Spokane gage measures a losing reach of the river that is reported to begin at Greene St
and extend to the confluence with Hangman Creek (Latah Creek) (MACINNIS AND OTHERS,
2000).

Calibration of river discharge in the Little Spokane Watershed was aimed at matching weekly
discharges at three primary continuous gaging stations.

e The Little Spokane River at Chattaroy Rd. gage (SCC 8327Q);
e TheLittle Spokane River at Dartford gage (USGS stn 12431000); and,
e The Little Spokane River near Dartford gage (USGS stn 12431500).

The Chattaroy gage measures river inflows from the West Branch Little Spokane River and the
Upper Little Spokane River. The USGS gage at Dartford is generally thought to represent Little
Spokane River flow before any inflows from the SVRP Aquifer occur and after river inflows
from Deadman Creek and Dragoon Creek. However, there may be some influence of discharge
from the SVRP Aquifer. The USGS gage near Dartford measures flows that occur between the
SVRP Aquifer and the Little Spokane River before discharging into the Spokane River.

Additional snapshot gage data is available for several additional locations in the Little Spokane
Watershed (Table 8.2). Snapshot calibration data is available for every modeled tributary except
Dartford Creek and Little Deep Creek.

8.1.3 Snow Pack

Snowpack accumulation and melt was calibrated against data from Quartz Peak for 1994, 1997
and 1999 where snow water equivalent is measured. Spokane International Airport islocated just
outside the model domain but considered representative of the southwest corner of the model
domain. Measurements for Spokane International Airport for 1997 and 1999 appeared to be
unreliable due to a large number of “no report” values for the snow depth and snow water
equivalent measurements, and no snow pack accumulation was recorded for 1994. Therefore
only calibration results for Quartz Peak are presented. Spokane International Airport simulated
results were checked for 1994 to verify little to no accumulation of snow.
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8.2 Calibration Parameters

MIKE SHE model parameters were discussed in Section 6. Estimation of these values to best
represent actual distributions is obtained by calibrating them to obtain a best fit between model
results and measured data. While the primary goal is to match measured data, it is not the
intention to manufacture parameters for processes for which there is little data. If variation of
parameters within a logical range (consistent with available measurement and best professional
judgment) does not yield an appropriate response, this likely indicates an area where additional
data collection is needed to modify model parameters.

Parameters that were adjusted in the calibration process include:
e Vertical and horizontal hydraulic conductivity of the aquifer layers;
e Unsaturated zone saturated hydraulic conductivity;
¢ Unsaturated zone moisture retention and hydraulic conductivity curves;
e River bed lining leakage coefficients;

e Snow melt degree-day coefficient and melting point temperature;
e Overland run-off parameters; and,

e Drainage time constants.

The hydrology of the Spokane Watershed is strongly influenced by the SVRP Aquifer, and
calibration was primarily accomplished through modification of the aquifer properties (i.e.,
vertical and horizontal saturated zone hydraulic conductivity, specific yield, unsaturated zone
parameters and river bed leakage coefficients). The influences on the hydrology of the Little
Spokane Watershed are much more disperse, and as a result, each of the parameters in the above
bullet list had to be carefully examined for its effect on results of the simulated hydrology.

8.3 Calibration Targets

Cdlibration targets are goals which indicate how calibration should proceed and when calibration
iscompleted. Calibration targets of the groundwater component of the Spokane model are to first
simulate annual and seasonal variations, and then match weekly average groundwater potential
heads within the calibration period.

Calibration objectives of the surface water components are similar; to first simulate total annual
discharge, then match seasonal and annual response to climate and snow pack, and finally to
match peak and low flow levels and timing on a weekly basis. Calibration objectives of snow
pack and melt were to match peak snow pack and, rate of melt.

84 Calibration Results

A wide range of outputs can be generated from the model. In addition to objective statistically
based criteria, the model is also evaluated in terms of its overall capability to represent common
hydrologic processes of the basin.

It is important to understand the non-uniqueness of the final set of parameters obtained from the
calibration process. The number of parameters, and their possible combinations, is extremely
high. Field data are used to limit the range of model parameters and thereby reduce the number
of parameter combinations. However, even by imposing restrictions supported by field data,
severa sets of parameters may yield an acceptable calibration. Consequently, the parameter
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combination used for calibration should be seen as one likely aternative, and that other
combinations may provide similar results.

This section provides the results of annual and weekly calibration, including a brief discussion of
measured versus modeled groundwater elevations, surface water discharge, and snow pack
accumulation and melt. A thorough discussion of results, presentation of additional non-
calibration results, and model sensitivity isincluded in Section 9 (Model Interpretation).

84.1 Annua Cdlibration

Figure 8.2 shows a correlation plot between average annual simulated and measured head at wells
with snapshot and long term gaging records for water year 1997. Correlation is good with an
r-squared value of 0.95. The majority of outliers are found in the Layer 2 aquifer (basalt and
Latah) of WRIA 55, or in the areas surrounding the Little Spokane River between Dragoon and
Deadman Creek where the clay aquitard likely has effects that the model is not capturing. Annual
results are not presented for additional calibration years because the snapshot measurements are
only available for asingle date.

Cdlibration of average annual river discharges is displayed in Table 8.3 and Figure 8.3 for the
Spokane River at Spokane, the Little Spokane River at Dartford, and the Little Spokane River
near Dartford. Annua discharge for the Spokane River shows good correlation (r squared =
0.995) with the percent error from measured discharge between 0.5% and 4.5%. Annual
discharge for the Little Spokane River is displayed for both the “near” Dartford and the “at”
Dartford gages. Although the model shows reasonable correlation of simulated flows to actua
flows at the “at” Dartford gage (r squared = 0.845), simulated flows tend to be higher than actual
(9% to 66% higher). The near Dartford USGS gage is closest to the river mouth but does not
have data for 1993 — 1996. The percent error from measured discharge ranges from 9% to 98%.
The overestimation of streamflow in the Little Spokane River indicates that there is either a sink
of water in the system that the data and model are not properly representing (possibly
evapotranspiration), or that water inputs (primarily precipitation) are too high.

84.2 Weekly Groundwater Calibration

The seasonal and weekly variation in modeled groundwater elevations correlates well with
measured levels in most of the water level calibration points (Figures 8.4 through 8.7, with
additional calibration plots shown in Appendix C). Figure 8.4 provides examples of this in
weekly calibration plots for the City — Felts Field (5312C01) and Vera#3 (5422R01) well. These
plots show a well-matched response between measured and modeled well water levels and are
representative of calibration pointsin the central Spokane Valley.

There are some calibration points in which the elevations are in agreement for portions of the
simulation but the magnitude of variation is greater or less than measured values (e.g., Figure 8.5
City — Trinity [5307M01], and City — Franklin Park [6331J01]). The locations of these wells are
in areas where more complex flow patterns are occurring in the saturated zone. Flow is
effectively splitting and a portion is flowing through the Trinity Trough and the rest is flowing
into the Hillyard Trough. In addition, the Hillyard Trough is reported as being divided into two
levels by aclay aquitard (CH2M Hill, 2000). Additional field data and model refinements would
be necessary to achieve amore consistent match.

Cdlibration near the eastern boundary at the WA/ID Stateline shows simulated water levels that
are higher than measured levels and greater water level variations throughout the year (Figure
8.6). Simulated groundwater heads are between 2 and 5 meters higher than measured values
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throughout the year. The seasonal and weekly variation in modeled heads mimics measured
heads but the magnitude of variation of measured groundwater elevations is 2 to 3 meters while
modeled variations are approximately 4 meters.

Two calibration points were used in the northern Hillyard Trough area of WRIA 55 (Dakota and
Whitworth Wells; Figure 8.7). Both of these wells extend only into the upper sands and gravels
of the Trough. WEells below the clay lens were not used for calibration because the model cannot
extract data specifically for locations above or below the lens. Results show that the modeled
water levels of the Whitworth Well are within one meter of observed water levels, while the
Dakota Well shows poor calibration with water levels almost 10 m higher than measured water
levels (~10% of total saturated thickness). The seasonal variation in head at the Dakota Well
correlates well with the measured values, with the groundwater head increasing slightly during
the winter months (0.5 to 1.0 m) and decreasing during the summer months. Only one well, with
gparse data in the calibration period, is available in the Deer Park area (Deer Park well
#9233G01,; figure shown in Appendix C). This well shows that modeled groundwater levels are
lower than measured groundwater levels by 2 to 5 m (12 to 30% of the saturated sand and gravel
aquifer thickness). This well is located very close to the boundary of the modeled aquifer and
water levels might be affected by this relative location.

84.3 Weekly Surface Water Calibration

Surface water discharge calibration points in the Middle Spokane Watershed show good
agreement with measured flows (Figures 8.8 through 8.10). Flows decrease from Post Falls to
Liberty Bridge, increase from Liberty Bridge to Greene Street (relative to flow levels at Post
Falls) and then decrease from Greene Street to the Spokane gage. Simulated flows at the Greene
Street gage are dlightly low relative to measured flows, and better agreement is achieved in drier
years (e.g., 1994).

Modeled stream flows in the Little Spokane Watershed do not correlate with measured values as
well as modeled flow in the Middle Spokane Watershed (Figure 8.11 through 8.13; additional
plots in Appendix C). However, simulated values capture the form and magnitude of the Little
Spokane River hydrograph. Summer flows are low, winter flows gradualy increase as the
occurrence of storms increase, and peak flows occur in the mid-spring and quickly recede to
baseflow levels by summer.

Simulated baseflows in the Little Spokane River system are generally in good agreement with
measured flows, with agreement being better during wetter years (1997, 1999) than during dryer
years (1994). However, severa recurring discrepancies are visible in all the calibration
hydrographs for the Little Spokane River:

o Early winter modeled flows are too high and “peaky”, but peaks occur at the correct time
in response to storm events.

e Some peaks are not simulated or are too high.

844 Weekly Snow Water Equivalent Calibration

The correlation between measured and simulated snow water content at Quartz Peak is good, with
simulated peak snow water content matching measured values for most years (Figure 8.14). The
rate of snowmelt also shows good agreement. Snow water equivalent simulations in cells near
the Spokane International Airport (#457938) show less than 1 inch of accumulation throughout
the year of 1994, which is consistent with recorded measurements at the gage.
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90 MODEL INTERPRETATION

Based on calibration results reviewed in Chapter 8 and presented in Appendix C, the modedl is
representing the majority of the system well (both Little and Middle Spokane watersheds) given
the data available and the conceptual understanding of the system. This chapter presents
additional results that are not part of the calibration process, a discussion of these results, and how
the model can currently be applied for the planning process and improved in the future.

There are a multitude of results that can be generated from the MIKE SHE model, from water
stored in the vegetation canopy to aquifer boundary inflows. In this section results that are of
interest to the Planning Unit are highlighted.

Also presented are a water balance of each WRIA, aquifer flow hydrographs of areas of interest,
surface water-groundwater exchange rates, and the results from each primary component of the
watershed. In addition, values from previous modeling efforts are compared with results from
this model and model sensitivity is discussed.

9.1 Water Balance

The MIKE SHE system allows the user to generate a water balance for the entire model domain, a
specified sub-area within the model domain, or even a specified component of the model such as
the saturated zone (aquifer). Water Balance values are expressed in millimeters (mm) of
accumulated water to allow comparison of the relative magnitude of the components of the water
balance within each WRIA. Where comparisons between sub-basins are desired, values are
expressed in cubic meters (m®). Basin volume calculations multiply the volume of accumulated
water (converted from millimeters to meters) by the area of the individual WRIA portions of the
model domain. Therefore, to convert values from mm to mthe following conversions can be
used.

WRIA 55: volumein m®*= mm* 1,752,000 m*/mm
WRIA 57: volumein m® = mm * 553,280 m*/mm

To convert volumes calculated in cubic meters to acre-feet (AF):m® * 0.000811 AF/m®

9.1.1 Annual Water Balance

The WRIA 57 water balance shows results for water year 1999 (October 1, 1998 — September 30
1999; Figure 9.1). Thefollowing basic relationships are observed:

e Evapotranspiration is approximately 74% of precipitation.

o Well abstraction (including purveyor well total abstraction and exempt well consumptive
use) is 13% greater than mean annua groundwater recharge (excluding stream/aquifer
interaction) and 28% of total aquifer inflow across the boundary.

o Irrigation water for crops and lawn watering supplied by purveyor wells comprises 12%
of total annual well abstraction.

o Irrigation water for crops and lawn watering supplied by exempt or unmetered wells is
approximately 1/12 the irrigation water supplied by purveyor wells.
The WRIA 55 water balance also shows results for water year 1999, and the following basic
relationships are observed (Figure 9.2):

e Evapotranspiration is approximately 64% of total precipitation.
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912

There isvery little recharge to the aguifer from theriver.

Baseflows and drain flow from the sands and gravels, and basalt aquifers are
approximately 73% of total river outflow, and includes groundwater discharge from the
SVRP Aquifer.

Water used for agricultural irrigation and lawn watering is approximately equally
supplied by purveyor and exempt wells.

A significant amount of exchange occurs between the sands and gravels, and basalt
aquifers, but the net exchange shows aloss from the sands and gravels to the basalts.

Layer 2 (basalt aquifer) provides less than 5% of total baseflow to theriver.

Weekly Water Balance

Tables 9.1 (WRIA 55) and 9.2 (WRIA 57) present a more traditional representation of a water
balance for each WRIA. The water balance is formulated as a series of inputs and outputs to the
entire watershed. With this water balance, internal processes such as run-off or baseflow are not
specified. Water balance components are displayed in millimeters for each week; the conversion
from millimeters to volume (m®) described previously is still applicable.

The following components are included in the weekly water balance:

I nputs (always negative):

Precipitation: Total precipitation (rain and snow) input to the system.
[rrigation: Irrigation from municipal wells - does not include exempt well volumes.

Groundwater Inflow: Inflow to the aquifer from outside of the WRIA.

River Inflow: Inflow to the river from outside the WRIA.

Overland Inflows: Inflow to the ground surface from outside the WRIA.

Outputs (always positive):

Evapotranspiration: The combined effect of evapotranspiration from water stored in
the canopy, ponded water, water stored in the soil and vegetation transpiration from
the unsaturated and saturated zone and evaporation from snow.

Abstraction: Abstraction from wells.

Groundwater Outflow: Outflow from the aquifer to aquifer areas outside of the
WRIA.

Overland Outflows. Outflow from the ground surface inside the WRIA to the ground
surface outside the WRIA.

River Outflow: River outflow from the WRIA.

Changes in storage (negative indicates loss of stored water, positive indicates an increase in

stored water):

Subsurface Storage Change: Changes in water stored in the unsaturated and
saturated zones (aquifer and soils layers).

Canopy Storage Change: Change in storage in the vegetation canopy
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o Snow Storage Change: Change of water stored as snow (same as snow water
equivalent).

e Overland Storage Change: Change of water stored on the surface of the ground (not
in MIKE 11 rivers).

The WRIA 57 water balance shows that (Table 9.1):

o River inflow and outflow across the WRIA boundary (due primarily to flows across
the WA/ID Stateline and out of WRIA) are, by far, the largest components of the
water balance.

e Groundwater flow out of the WRIA isrelatively constant year round, but does show a
response to peak winter and spring flows.

e Snow storageisasmall component of total storage.

o Of the total outflows, well abstraction is a larger component of the total water
balance than in WRIA 55, particularly in the summer when well abstraction is
approximately half aslarge astotal outflows from the WRIA.

The WRIA 55 water balance shows that (Table 9.2):

e Subsurface inflows are relatively constant throughout the year, with a slight increase in
the late spring and early summer.

e Evapotranspiration is greatest between March and September, and is greater than stream
flow during much of this timeframe.

e The amount of water exiting the watershed as groundwater is small and relatively
constant year round.

More detailed water balance results for each model year run for WRIA 55 & 57 are provided in
Appendix D. Water balance results in the appendix present weekly outputs for al major
components of the MIKE SHE model including such items as baseflow and run-off.

Aquifer storage comprises by far the largest component of WRIA 57 storage components, with 2
to 6 times more storage annually available in the aquifer than in any other component (Figure
9.3). Unsaturated zone storage and snow storage share approximately equal portions of storage.
They peak between December and February and decrease to initial levels by July (snow) and
September (unsaturated zone). The saturated zone rises, starting in October, to it’'s peak between
March and June and rapidly decreases to initial levels by early September. Snow and saturated
zone storage show variation from year to year while the unsaturated zone storage remains
relatively constant. (The unsaturated zone includes any water stored above the water table.)

Asin WRIA 57, water stored in the saturated zone of WRIA 55 is greater than that stored in other
components (Figure 9.4). Snow and unsaturated zone storage are close in magnitude in WRIA
55. Peak storage for the unsaturated zone occurs between January and March while peak snow
storage generally occursin late February. Saturated zone storage peaks in mid-March throughout
the model run. Canopy storage is a small component of total storage. Saturated zone and snow
storage show inter-annual variations while unsaturated zone storage remains relatively constant.

The total volume of water stored in the saturated zone in WRIA 55 is greater than that in WRIA
57. Additionally, peak levels of water stored as snow in WRIA 55 are double that in WRIA 57.
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9.2 Aquifer Flow

Groundwater elevation contours (head) are useful for indicating the general direction and gradient
of flow in an aquifer. Layer 1 depictsthe following general flow in WRIA 57 (Figure 9.5):

o Headinthe sand and gravel SVRP Aquifer are highest on the eastern-most boundary and
decrease in a relatively steady gradient from east to west, through the Central Spokane
Valley.

e Towards the western boundary of the aquifer, flow splits as water flows north through the
Hillyard Trough and west through the Trinity Trough.

o A steep gradient exists in the Trinity Trough and in the northern end of the Hillyard
Trough near the Little Spokane River.

The sand and gravel aquifer in WRIA 55 have a more convoluted flow path due to the more
variable nature of the thickness of Layer 1 and topographic influences (Figure 9.5):

e In the Diamond Lake Area, groundwater flow drains toward the West Branch Little
Spokane River and Diamond Lake or towards the headwaters of the Little Spokane River.

e In the Deer Park Aquifer flow generally occurs in a northwest to southeast direction
towards Dragoon Creek, with additional flows entering the creek from the southwest.
Towards the central portion of the watershed (what is commonly called the Little
Spokane River Aquifer) groundwater flow patterns become more convoluted due to
basalt outcrops. In general, water flows towards the Little Spokane River with head
levels continuously decreasing in a southerly direction.

e In the Peone Prairie aquifer, groundwater flows from east to west toward Deadman
Creek where aquifer water discharges to theriver.

In the Layer 2 basalt aquifer of WRIA 55, the following observations on groundwater flow are
made (Figure 9.6):

e Inthe Deer Park Aquifer, groundwater flows in a southeast direction.

e Inthe Orchard Prairie, groundwater flows in a northeast direction.

¢ Inthe Greene Bluff area, groundwater flows from east to west with a portion of the flow
heading towards Deadman Creek and another portion flowing towards Little Deep Creek.

Quantification of groundwater flow rates through the aguifer at several locations - the Stateline,
and the Hillyard and Trinity Troughs - was identified as one objective of this modeling process.
The flow across the Diamond Lake WRIA 55 boundary is aso identified as an area of interest.
The MIKE SHE model does not provide a direct method for determining flow through a cross
section. It is possible, however, to extract a water balance for a subset of cells that cross an area
of the aquifer, such as the Hillyard Trough (Figure 9.7). Average annual flows for each cross
section are:

e Hillyard Trough — 7.9 cms (281.7 cfs)

e Trinity Trough —5.9 cms (210.1 cfs)

o Stateline Boundary — 15.6 cms (551.8 cfs)

o Diamond Lake, model boundary — 0.7 cms (28.1 cfs)

From Post Falls to just downstream of the Stateline (Otis Orchards) a significant amount of river
water recharges the aquifer (between 1 cms and 40 cms). This recharge peaks when flows in the
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Spokane River are highest such as the during the spring and early summer. During this peak flow
period groundwater elevations in the area around the Stateline are close to or higher than
groundwater elevations defined at the model boundary causing the modd to predict that flows,
stagnate or even reverse directions (i.e., flow eastward) and flow out of the model boundary.
There are insufficient data to determine whether thisis actually occurring, and further analysisis
warranted. Based on the available data and measured parameters, this response cannot be ruled
out. Groundwater flow across Stateline shows a wide variation due to hydrologic complexities
that cannot be represented given available data.

Groundwater flows across the Hillyard and Trinity Troughs show seasona variability (Hillyard
more so than Trinity), reaching a peak between March and June (Figure 9.8). Groundwater flow
across the Diamond Lake-Pend Oreille model boundary islow and constant year round.

9.3 Surface Water-Groundwater Exchange

In WRIA 57 there is a high degree of hydraulic continuity between the Spokane Valley Rathdrum
Prairie Aquifer and the Spokane River. Flows along the river increase and decrease (i.e., gaining
and losing reaches) aternately along the river due to groundwater-surface water interaction.
Model results indicate there is a net loss of flows from the river to the aquifer. In WRIA 55 the
degree of hydraulic continuity is not as high, and the main interest is characterizing the degree to
which stream baseflows are sustained by the discharge of groundwater. Figure 9.9 presents mean
annual river aquifer exchange for the entire model domain. Negative numbers (green shading)
indicate a loss from the river to the aquifer, while positive numbers (red shading) indicate a
gaining reach of theriver.

Figure 9.10 shows the interaction between the Spokane River and the SVRP Aquifer. The graph
shows the simulated maximum and minimum baseflows that occur in the Spokane River over the
modeled period (i.e.,, WY 1994 to 1999), along with a representative intermediate condition (i.e.,
October 25, 1995). Negative values indicate that the river is losing water to the aquifer, while
positive values indicate that the river is gaining water from the aquifer. Gaining and losing
reaches can be defined from this figure, and are described in Table 9.3. It should be noted that
the estimation of gaining and losing reaches by the model is most accurate where river cross
sections have been defined. Otherwise gains and losses are determined by linear interpolation
between cross sections.

The Little Spokane River and its tributaries are primarily gaining rivers. Water in every modeled
river of WRIA 55 is generated from four modeled components. baseflow from the aquifer;
overland runoff from storm events; drain flow; and, waste water discharge. Aquifer contributions
are of particular interest in the lower end of the Little Spokane River where the SVRP Aquifer
discharges groundwater to the river. Primary groundwater contributions to baseflow occur on the
following reaches of the Little Spokane River (Figure 9.9):

e Near theriver source in the Diamond Lake Aquifer area;

e Between the Chain Lakes and the confluence with the West Branch Little Spokane River;
and,
e Just upstream of Dragoon Creek to the mouth.

At Dartford Creek the SVRP Aquifer provides alarge influx of water in the form of baseflow and
overland flow. Figure 9.12 presents an example of the individua contributions of baseflow, drain
flow and overland flow to total discharge along the length of the Little Spokane River at a single
time step in a model run. The large increases in discharge are primarily due to inflows from
tributary creeks (such as Deadman Creek). Large changesin elevation of both the ground surface
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and the aquifer in the Dartford area cause some of the aquifer water to be discharged to the
surface as springs and therefore is represented by the overland flow component of the model.
Average simulated annual influx to the river in between Dartford Creek and the confluence of the
Little Spokane River with the Spokane River is 7.9 cms (279 cfs).

94 Component Results

A multitude of results can be created from the MIKE SHE modeling package. Severa additional
results are included in Appendix D and are briefly described here.  Each graphic presents a
spatial distribution of mean or peak annual results from water year 1999. Unless otherwise noted,
negative vaues indicate a downward movement of water (e.g., from the unsaturated zone to the
saturated zone) while positive movement indicates an upward movement or accumulation of
water.

1. Peak Annual Snow Storage: Peak snow pack ranges from 0 to over 900 mm (35.4
inches) across the watershed with large snow packs occurring on the central eastern
side of the domain in the vicinity of Mount Spokane, and in the northwestern part of
the model domain.

2. Mean Annual Evapotranspiration: Evapotranspiration within the domain ranges from
0.02 to 0.2 mm/hr. The largest rates of evapotranspiration can be found in open water
bodies (rivers and lakes) followed by forested areas. Average annual evapotranspiration
for the entire domain is 0.06 mm/hr (~19.5 inches ayear).

3. Mean Annual Depth of Overland Water: Overland water depth is greatest along modeled
(MIKE 11 defined) and non-modeled river channels and in lakes. There are a few areas
where overland depth is greater than would be expected (see areas in WRIA 54). Thisis
an artifact of the model calculation and the DEM creation at a 400 m grid cell size
resol ution.

4. Mean Annual Saturated Zone Recharge and Bypass. Recharge by drywells (bypass)
ranges from 0.0007 to 0.04 mm/hr within cells where drywells exist. The average annual
recharge by drywellsis 0.006 mm/hr. Natural recharge ranges from —2.4 to 0.7 mm/hr,
with an average of —0.03 mm/hr. Discharge (positive recharge) is focused in areas where
water bodies are in contact with the saturated zone or in areas where aquifer water is
discharged to the surface (e.g., springs).

5. Mean Annua lrrigation: Irrigation rates (including agricultural irrigation and lawn
watering, by purveyor and exempt well supplies) range from 0.001 mm/hr to 0.11 mm/hr
with an average of 0.02 mm/hr.

95 Comparison to Previous Work

Several models have been created to simulate the Spokane Valley Rathdrum Prairie Aquifer.
Some results that have been presented include estimation of the volume of water that crosses the
Stateline in the aquifer (Table 9.4), gaining and losing reaches of the Spokane River (Table 9.5),
and flows through the Hillyard Trough to the Little Spokane River (Table 9.6). See Section 10
for further discussion of the model boundary and Stateline for the MIKE SHE model.

9.6 Sensitivity Analysis

There are two forms of sensitivity analysis that can be completed. The first identifies model
parameters, usually during calibration, that are determined to have a significant effect on model
results. The second, sometimes referred to as scenario analysis, is an explicit sensitivity analysis
of the model to variations in human controlled parameters (e.g., flow abstraction well
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withdrawals), climate variability, or other parameters. This second type of analysis is discussed
in Section 10.1.

In this section sensitivity analysis was completed to evaluate model parameters and model inputs
which are of primary importance to the model results. If the model results are particularly
sensitive to a specific parameter or input type, the model results should, be interpreted with the
uncertainty associated with that particular parameter. Through this process, the model (and
therefore the watershed) can become better understood. The following parameters appear to have
significant effect on model response and are discussed in this section:

e Boundary conditions;

e Unsaturated zone hydrologic parameters;

e Drainage;

e Irrigation;

e Precipitation; and,

e Temperature.
There are any number of parameter variations that will evoke a change in model response. To
perform sensitivity analysis to a parameter, the single parameter must be changed from a baseline
setting (usually a calibrated state) to an alternate setting, the model is then run, generally for a
year, and results evaluated for the overal effect of that change. Therefore sensitivity analysisisa
time consuming process. The paragraphs below describe the response of the model to the above-

mentioned parameters. Some of these parameter variations were not run as explicit sensitivity
analysis and only the general system response is described.

9.6.1 Boundary Conditions

Flow into the aquifer across the model boundary near Post Falls is dependant on the type of
boundary, the geologic representation, and the aguifer hydraulic conductivity and at the
boundary.

Flow across the model boundary is simulated using a time varying head (groundwater elevation)
boundary condition. Groundwater elevations are specified at three-month intervals based on
single water level measurements at 4 wells, and the variation of measured water levels at
additional wellsin the vicinity of the boundary (see Section 6 and Table 6.10 for details).

The geologic cross section at the model boundary was created by extending contours from data
supplied at the Stateline (Derkey, 2000) out to Post Falls. Geologic cross sections in the area of
the model boundary (Post Falls) have not been completed and borehole logs do not extend to the
crystaline basement. Changes to the geologic boundaries of the aquifer in this area were not
modeled but it can be inferred that changes to the depth, or extent of the aquifer in this areawould
produce variations in the total flow crossing the boundary and therefore the response of the
system downstream to surface water and aquifer interactions. Therefore the total area of
saturated zone flow across the boundary is uncertain and would have impacts on model results.

Data used for calibration near the model boundary consists of groundwater elevations collected
by Spokane County between May 1999 and September 1999 for the Idaho Road Pipeline well
(#6525R01). River discharge data was used from the Spokane River above the Liberty Bridge
near Otis Orchards gage (stn 12419500) from 1994 through 1999.
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Five hydraulic conductivity measurements are reported in the area between Post Falls and the
Stateline (a distance of approximately 5,000 m apart [~3 miles]). Measured values range from
0.007 m/s (well # 6631M06) to 0.04 m/s (Drost and Seitz, 1978). Calibrated conductivity
measurements between the boundary and the Stateline range from 0.09 m/s to 0.2 m/s. At the
boundary conductivity values are set to 0.09 m/s.

Model results show that lower model conductivities (< 0.01 m/s) result in:

e Groundwater elevations near the Stateline vary from 602 m to 616 m, while measured
elevations range from 604 m to 606 m (well#6525R01 and #6631M01).

e Conversely, calibration points towards the central Spokane Valey then show good
correlation with measured values, and surface water-groundwater interactions are within
previously estimated ranges.

¢ River flows in the Spokane River at the Above Liberty Bridge near Otis Orchard gage
show good agreement in this scenario while simulated river discharge in the Spokane
River at Spokane gage is lower than measured river discharge by as much as 19 cms (700
cfs) during the summer months.

e Groundwater mounding that occurs in the Stateline area that cause groundwater to flow
east out of the model boundary during high river flow periods (April-May).

Increasesin conductivity (> 0.08 m/s) result in:

e Groundwater elevations ranging from 606 m to 611 m at the Stateline. This provides a
better range of groundwater elevations but with the total elevation still being too high.

e Cadlibration of groundwater elevation in the central Spokane Valley is good.

o Low flows at the Spokane River at Spokane gage show much better correlation with flow
differences of lessthan 5 cms (170 cfs).

e The gradient of flow between the Stateline and Post Fals is lower than single point
measurements in previous studies. Groundwater flow generally does not flow in an
easterly direction out of the model domain except during peak flows.

Changes to the model boundary condition from specified head to constant gradient results in:

e Groundwater elevations ranging from 608 m to 619 m at the Stateline; a wider range of
flows.

e Moreannual variationsin SVRP Aquifer head elevations because the boundary elevation
can change freely.

e Groundwater flow never occurs in an easterly direction because the gradient boundary
prevents this from occurring.

A time-varying head boundary was chosen for final results because the total annual head change
at the model boundary and Stateline for a time varying head was smaller than that of a constant
gradient boundary for aquifer properties within an acceptable range of measured values, and dry
season (August-October) head levels are lower with a time varying head level. Therefore, the
simulated total flow across the model and Stateline boundary is expected to more accurately
predict redlity.
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9.6.2 Unsaturated Zone

The unsaturated (vadose) zone includes anything above the water table; therefore it includes soils
and aquifer materials. The unsaturated zone controls recharge to the aguifer through vertical
saturated and unsaturated hydraulic conductivities, and the moisture retention curve (Figure 6.5).

Hydraulic conductivity was chosen from a range of conductivities provided by the NRCS (Soil
Survey Division Staff, 1993), and moisture retention curves from a database of generaized
retention curves provided in the SEEP/W software manua (Geo-Slope, 2001).

A change to the soil hydrologic parameters has an effect on the total recharge to the aquifer. For
example in WRIA 57 changing soils from their original configuration to uniform soils
characteristics equal to type “D” soils (this constitutes a change in conductivity from 8.0 x 107
m/s to 8.4 x 10° m/s) results in an average weekly decrease in recharge of 3.4 x 10° m® (2,700
AF). Thiseffect is most pronounced during wetter months.

9.6.3 Drainage

Drain flow is controlled by the drain depth below ground surface and the drainage time constant
(Section 6.6). Drainage primarily affects discharge to the tributaries of the Little Spokane River
from the upper part of the saturated zone. Drainage parameters were derived through
conversations with DHI and model calibration. Changes to the depth of the drain primarily affect
baseflow to the river during summer months by accelerating groundwater drainage year-round
and thereby lowering summer baseflow. Changes to the drainage time constant affect the timing
and peak response of the river to precipitation events. An increase in the time constant, from 1 x
107 s* to 1 x 10° s*, increases peak river discharge in response to precipitation events. Figure
9.11 displays discharge results with this variation in drainage time constant along with measured
discharge levels at the USGS Dartford gage (stn 12431000). Higher drainage time constants
result in higher peak discharge, and a steeper recession limb of the hydrograph (the period where
flows decrease directly after a storm event) in which streamflows fall to lower levels than that
seen with alower drainage time constant.

9.6.4 Precipitation/Temperature

Sensitivity analysis was not completed on precipitation and temperature but these parameters are
addressed here because they are important inputs to the model and have significant uncertainty
associated with them.

Precipitation is the primary hydrologic input to the model, this parameter is particularly important
in the Little Spokane Watershed where river flows are primarily generated from water derived
from precipitation inputs. A change in the temporal or spatial distribution of precipitation would
affect the entire watershed. The most notable impacts could include changes in peak flows, snow
pack, baseflows and aquifer recharge.

Temperature, evapotranspiration and snow pack are closely linked in the model. Temperature
inputs impact calculations of potential evapotranspiration, and snow accumulation and melt. Of
these model components, evapotranspiration is by far the largest net loss from both watersheds.
Additionally, snow accumulation is directly computed from temperature inputs. Therefore
changes in the temperature distribution or timing would directly impact the timing and peak of
the river discharge hydrograph.

Meteorological (precipitation and temperature) coverage of the Middle Spokane Watershed is
good with gages at the east, west and northern edges of the aquifer, additionally precipitation and
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temperature vary little from gage to gage, in part because of the relatively constant elevation
across this portion of the model domain. There is much less meteorological data in the Little
Spokane Watershed — stations are only located at the southern and western edge of the watershed.
Correlations between precipitation at the discontinued Deer Park weather station (in central
WRIA 55) and other gaging stations were poor. Therefore there may be some orographic effects
that are not represented by precipitation inputs to the model.
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100 MODEL APPLICATION

The Spokane MIKE SHE model provides a detailed and comprehensive physical model of the
Little and Middle Spokane Watersheds. More than 100 different spatial and temporal parameters
can be extracted from model results. The model is currently capable of simulation and reporting
for the time period of WY 1994 to 1999, on a 400-meter square resolution, the following items:

e Quantities and locations of surface water - groundwater interactions;
o Aquifer water levels;
o Aquifer flow at spatially and temporally distributed |ocations;
e Rainfal and run-off;
o Infiltration and recharge;
o Drywsdlls;
e Irrigation;
e Evaporation and transpiration from plants;
e Well Abstraction;
e  Snow pack and melt;
o Aquifer storage;
¢ River discharge on adaily basis;
e Baseflow overland flow and interflow contributions to rivers; and,
o Depth of overland water.
To gain the most benefit from the existing model and to use it to move into Phase Il of

Watershed Planning, requires a focused approach. It is recommended this model be used for two
primary purposes:

1. To better understand the watershed as it currently functions and the main drivers of the
system; and,

2. To develop watershed scale management scenarios over which the response of the model
can be examined.
10.1 Scenario Development
In discussions with the planning unit several scenarios were developed over which the model can
berun. Theseinclude:

o Remove al extraction wells and irrigation inputs to simulate the “natural” condition of
the watershed (the “what was’ scenario”).

e Increasing well withdrawals to determine impacts to river discharge and aquifer water
levels (e.g., increase pumping by a percentage or to the water rights limits).

o Decrease well withdrawals to determine impacts to river discharge and aquifer water
levels (e.g., shut off all abstraction, decrease by a percentage).

e Change the gspatial distribution of well withdrawals to predict impacts to river discharge
and aquifer water levels (e.g., more pumping further from the river).
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Flow augmentation to the Spokane River via aquifer storage and recovery (ASR). This
involves injecting water into the aquifer at one location and simulating the affects on
river discharge and aquifer levels over time. One suggested location to test thisis east of
Harvard Road and north of Kaiser from the river during peak flows.

Increase Spokane River discharge through Post Falls in the summer months (e.g.,
July through September). Assess its effect by examining the Spokane River at
Spokane USGS gage.

Simulate varying wastewater discharge locations and volumes and assess their impacts on
river flow.

Varying flows at the Stateline and quantifying the impacts of this on the interactions of
the Spokane River with the SVRP aquifer.
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11.0 DISCUSSION AND CONCLUSION

The Spokane MIKE SHE model is designed to simulate all the major hydrologic processes of
WRIA 55 and 57, as outlined in the conceptual model, and is intended for use in planning and
management of watershed hydrologic resources. This section summarizes some limitations of the
MIKE SHE model, outlines potential model improvements (including data collection and model
set-up), and presents the conclusion.

11.1  Mode Improvements

During the development of the MIKE SHE model, available field data and studies have been
utilized; most of which was summarized in the Technical Assessment. A number of genera
assumptions and approximations are necessary in any model application due to conceptualization,
limitations in available data and distribution of model parameters. Several suggestions for
additional data and model set-up improvements are discussed below.

11.1.1 Precipitation/Temperature

Precipitation and temperature data for the western half of WRIA 55 would improve, snowmelt,
discharge and evapotranspiration simulations in this watershed. Efforts to correlate historical
Deer Park 2 E weather data with currently recording precipitation stations were not successful
and indicate that orographic effects in this region may play a role in variations in the total
precipitation and temperature variations in this area. Model results indicate that the there is a
discrepancy in either the total source of water (precipitation) in WRIA 55 or in the total sink in
this watershed.

11.1.2 Surface Water Components

River flow data for secondary channelsin WRIA 55 islacking. Discharge measurements for each
major tributary of the Little Spokane River would improve calibration in these areas.

There are few measured channel cross sections for secondary channels in WRIA. Additional
cross sectional measurements would improve surface water aquifer interaction estimates in these
reaches. The necessary density of the cross sectionsis dependent on the stream gradient. For this
stage of modeling a cross section approximately every five kilometers of stream would be
beneficial with higher cross section density in areas where large changes in gradient, or specific
interactions exist. It is beneficial for model development if channel cross sections extend beyond
bank-full levels.

To better relate irrigation to actual physical parameters (such as rainfall), irrigation water demand
could be defined as a prescribed crop water requirement rather than a prescribed demand.
(Prescribed demand indicates that a time series of water applications is specified for each defined
crop and the model will apply this amount of water as long as it is available. Prescribed crop
water requirement indicates that the amount of water a specific crop needs is specified and the
model applies this water if the requirement is not being met by rainfall. One other difference is
that prescribed demand allows specification of variable timing of water application where as
prescribed requirement will apply the same rate constantly for each time step.) This will
eliminate the problem where irrigation shut-off or turn-on is missed due to time step
discrepancies between the model and the irrigation input file.
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The MIKE 11 river model can be improved to decrease the time step. The first step in this effort
should be to improve the detail around the dams on the Spokane River where large changes in
gradient require the time step to remain small.

11.1.3 Subsurface Components

Estimates of hydrogeologic parameters and calibration points in the upper sand and gravel, and
basalt aquifers of WRIA 55 are limited. Additional measurements would improve calibration.
DHI recommends observations for 2-5 locations within each sub-basin. Groundwater elevations
should be collected for a minimum of 6 months, or covering both a wet and dry period at a
minimum of monthly intervals.

The groundwater aquifer calculation layers could be further subdivided into additional geologic
layers. This was not done in the mode developed in this report because of MIKE SHE
limitations in the total number of computational cells, DHI recommendations, and to prevent long
computation times. Therefore, this change would also require separation of the model into sub-
models. If thisoption is pursued, it is recommended that two additional layers be added: awater
table aquifer that simulates aquifer layers within the range of the water table; and, a clay lens
layer. The water table aquifer is recommended due to the model’ s use of unsaturated zone data to
calculate specific yield for Layer 1 rather than the specific yield specified in the saturated zone.
Creation of a water table aquifer will allow the specific yield of the aguifer to be more easily
gpatially varied. An additional layer representing the clay lens in the vicinity of the Hillyard
Trough and the lower reaches of the Little Spokane River would improve estimates of head in the
upper and lower sands and gravels in this area, as well as provide a method for extracting data
above and below the lens.

Additional data on the geology (namely the depth to crystalline basement around Post Falls) and
the hydrogeology of the Stateline and Post Falls area will improve estimates and understanding of
flow in this region.

Additional geologic data collection for areas outside of the defined aquifer boundaries (Figure
1.1) will ensure that abstraction, subsurface storage, and the timing of water movement from
these regions is more accurately represented.

11.1.4 Sub-Models

The model can be run as a sub-model in areas where additional detail is needed, for example in
the Trinity Trough, or for future analysis on each WRIA. The current cell size of 400 m was
selected based on several factors:

o The cell size needed to capture flow through aquifer areas of interest. For example
flows through the Trinity Trough required a cell size equivalent to or less than 400 m
(~Yamile).

e Limitations in the total number of cells recommended by DHI. DHI recommended
10,000 cells or less for acceptable computation times. The model developed has 17,709
cells

o Limitationsin the total number of cells allowed in asingle MIKE SHE model.

For more flexibility in future planning analysis it might be beneficial to separate the model into
two distinct sub-models. This will provide benefits through decreased run times, smaller result
files (extracting the results for interpretation and presentation will take less time), and the
potential for increased detail in the aquifer layers (see the discussion above on aquifer layers).
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11.2 MIKE SHE Mode Limitations

During the modeling process the following model limitations were recognized that either
prevented modeling the system as planned or required variation of parameters outside of normal
limits:

1. Whilethe MIKE SHE mode is designed to simulate all the physical processes that occur
within a watershed, it is not designed to specifically model urbanized areas. These
components can still be included but required some innovative use of model components.
For example, there are not specific components for simulating

o Drywdl infiltration;
¢ Run-off and infiltration changes due to partially paved (impervious cells); or,

¢ Routing of specified well abstractions to irrigation demand areas.

2. Though the MIKE SHE model software has an extensive evapotranspiration module it is
highly dependant on PET inputs calculated by the user. Therefore, it is difficult to
mani pul ate evapotranspiration simulations without significant external calculation time.

3. Thelens option of the MIKE SHE Model for the saturated zone is not calculated as a
separate unit. The hydraulic properties of the lens and surrounding aquifer are
averaged. This prevents variation of parameters and retrieval of results for the
aquifer areas above and below the lens.

4, The MIKE SHE model has some known instability problems in the Overland Flow
component (DHI Communication, 2002). These problems are particularly apparent
on the Lower Little Spokane River, and near Sullivan Road on the Spokane River.
The instability presents itself as variations in river flows (usualy of 1 to 5 cms) due
to overland run-off.

5. Both physica and computational limits exist in the MIKE SHE model. The total
number of cells, and therefore, the grid cell size must be moderated to prevent run
times from being too long. This prevents the level of detail the model can represent.
This limitation could be lowered by separation of the model into sub-models.

11.3 Conclusion

A highly advanced and comprehensive integrated hydrologic model has been developed for the
Spokane Watershed. The model includes: subsurface flows in terms of groundwater and
unsaturated flow; surface water in terms of overland and river flow; and, a fully dynamic
coupling between the components of the model. Additionally, a distributed irrigation module is
applied linking irrigated land and irrigation sources. Meteorological data, topographical data, soil
physical data, land cover data, vegetation data, hydrogeologic data, canal and hydraulic structure
data, and irrigation permit data have been used to build the model.

The well-developed conceptua hydrology of the basin allowed the successful development of a
simulation model of flowsin the watershed. The fully dynamic model includes:

o Spatially and temporally distributed meteorological coverages;

e Evapotranspiration based on 12 characteristic vegetation cover classes;
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e Overland flow based on topography and local surface roughness estimates;

e Seven modeled rivers plus structures to simulate the four dams within the model domain,
two secondary diversion channels, as well as wastewater discharge;

e Anunsaturated zone with five characteristic soil columns;

e A 2-layer geologic model with an encompassed clay lens and impermeable lower
boundary;

e Extraction wells including purveyors and exempt wells,

e Irrigation of agriculture, lawns and waste water discharge to the ground surface using
distributed water sources; and,

e Dry well simulation through the bypass module of the model.

The model has been calibrated against available surface water discharges and groundwater heads.
Cdlibration of heads in the central Spokane Valley Aquifer have been shown to be accurate at
both high and low water table elevations. Due to the existence of a silt/clay lens in the centra
portion of the Hillyard Trough and the model’s method of solving a lens setup, heads cannot be
calibrated to above and below the lens. This may reduce the accuracy of simulated water levels
in the Hillyard Trough. Calibration near the model boundary indicates a need for additional data
collection in this area to capture the high degree of river—to-aquifer recharge and the distribution
of thiswater in the aquifer. Geology, hydrogeology and calibration data in the aquifers of WRIA
55 is more sparse than that available in WRIA 57. Because of this, only general groundwater
elevations can be simulated in WRIA 55. Annual calibration of these points shows over al good
correlation, with the simulation matching water levels in the sand and gravel aquifer better than
the basalt layer.

Calibration of discharge data on the Spokane River shows excellent calibration to measured data.
Major losing and gaining reaches of the Spokane River are captured both in river discharge and in
baseflow simulations. In WRIA 55, calibration data is less well matched. Simulated low flows
are higher than measured flows in Dragoon Creek, Deadman Creek, and the upper Little Spokane
River at the USGS Dartford gage, but match well on the West Branch Little Spokane River, the
SCC Chattaroy gage and the USGS near Dartford gage. Simulated peak flows match better
during wet years than during dry years at all gages where peak data exists (primarily the Little
Spokane River). Simulated surface water-aquifer interaction appears to represent the system
well, agquifer discharge into the Little Spokane River as baseflow below Dartford matches
discharges indicated by measurements in this reach.
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TABLE1.1

CONVERSION FACTORS

Multiply By To Obtain

Millimeters (mm) 0.0394 Inches (in)
Meters (m) 3.281 Feet (ft)
Kilometers (km) 0.621 Miles (mi)

10.765 Square feet (ft?)
Square meters (m?)

0.00025 Acres

35.320 Cubic feet (ft°)
Cubic meters (m°)

0.00081 Acre-feet (AF)
Cubic meters per second (cms) 35.320 Cubic feet per second (cfs)
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TABLE 1.2
ACRONYMS
abv Above
affyr, AFlyr acre-feet per year
AP Airport
ASCE Amercian Society of Civil Engineers
amgl above mean sea level
blw Below
cfs cubic feet per second
cms Cubic meters per second
CID Consolidated Irrigation District
Ccu Consumptive Use
DEM Digital Elevation Model
DEQ Idaho Department of Environmental Quality
DHI Danish Hydrologic Institute
DNR Washington Department of Natural Resources
DOE Washington Department of Ecology
DP Deer Park
e.g. for example
EES Economic and Engineering Services, Inc.
Ecology Washington Department of Ecology
EMCON Company name
EPA United States Environmental Protection Agency
ESA Federal Endangered Species Act
ESHB Engrossed Substitute House Bill
ET Evapotranspiration
ET. evapotranspiration for refrence crop
FAO Food and Agriculture Organization
FERC Federal Energy Regulatory Commission
Ft Feet
GIS Geographic Information Systems
GMA Growth Management Act
gpm/ft gallons per minute per foot of drawdown (specific capacity)
ID Idaho
IDEQ Idaho Department of Environmental Quality

Golder Associates
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i.e That is

K Hydraulic Conductivity

Kh Horizontal Hydraulic Conductivity

Kv Vertical Hydraulic Conductivity

LSR Little Spokane River

LSRA Little Spokane River Aquifer Area

LULC Land Use and Land Cover

m Meters

m/s meters per second

mi? square miles

MIKE Group of Software Products developed by DHI Water and
Environment. MIKE refers to the suite of software modeling
packages selected for use in this Watershed Inventory Assessment

mL Milliliters

mm/h millimeters per hour

MSL Mean Sea L evel

MSR Middle Spokane River

mw Megawatt

n Porosity

NAPP National Aeria Photography Program

NE Northeast

NAVD 88 North American Vertica Datum of 1988

NAD 83 North American Datum 1983 (horizontal datum)

NGVD National Geodetic Vertical Datum

NOAA National Oceanic and Atmospheric Administration

nr Near

NRCS National Resource Conservation Service (formerly the SCS)

NW Northwest

PET Potential Evapotranspiration

POCD Pend Oreille Conservation District

PRISM Parameter-elevation Regressions on Independent Slopes Model

PU Planning Unit

Q4 Recent Quaternary Alluvial Deposits

Qfs, Qfg, Qfcg Quaternary Lower Sand and Gravel Unit, Flood Sand and Gravel Units

Qal Quaternary Glacial Deposits

Ql Quaternary Loess

Qmw Quaternary Mass Wasting Deposits
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Qp/Qla Quaternary Recent Deposits of Lacustrine

RCW Revised Code of Washington

SAJB Spokane Aquifer Joint Board

SCC Spokane Community College

SCCD Spokane County Conservation District

SCS Soil Conservation Service (now the NRCS)

SNOTEL SNOwpack TEL emetry, snowpack and related climatic data collected in
the Western United States by the Natural Resources Conservation Service
(NRCS) through an automated system.

SR Spokane River

S Specific Storage

SSA Sole Source Aquifer

SSURGO Soil Survey Geographic

stn Station

SVA Spokane Valley Aquifer

SVRP, SVRPA Spokane Valley — Rathdrum Prairie Aquifer

SWIGW Surface Water-Groundwater

SWE Snow Water Equivalent

S Specific Yield

T Transmissivity

TI Lacustrine silts and clays, Latah Formation

TRS Township, Range, Section

Tw, Tgr Tertiary Columbia River Basalts

USDA United States Department of Agriculture

USGS United States Geological Survey

UTM Universal Transvere Mercator

\Y Linear Velocity

w/o Without

WA, Wa, Wash. Washington

WAC Washington Administrative Code

WAU Watershed Administrative Unit

WaDOE Washington Department of Ecology

WSDOT Washington State Department of Transportation

WMA Watershed Management Act

WQMP Water Quality Management Program

WRIA Water Resource Inventory Area

WRIA 54 Lower Spokane River Watershed

Golder Associates
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WRIA 55 Little Spokane Watershed

WRIA 56 Hangman Creek Watershed
WRIA 57 Middle Spokane River Watershed
WRIA 62 Pend Oreille River Watershed
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SUMMARY OF SPOKANE VALLEY RATHDRUM PRAIRIE
GROUNDWATER FLOW MODELING

Author Date Modd Type
Pluhowski and Thomas, USGS. 1968 Water balance spreadsheet
Drost and Seitz, USGS. 1978 Water balance spreadsheet
Bolke and Vacarro, USGS 1981 2D, finite element groundwater

flow model

Painter, IDEQ 1991 Water balance spreadsheet
Buchanan and Olness, Eastern 1994 3D, finite difference, ModFlow
Washington University groundwater flow model
CH2M Hill (for City of Spokane 1998 3D, finite element, MICRO FEM
wellhead protection) groundwater flow model
Buchanan (for the Spokane Valley 1999 3D, finite difference, ModFl ow
Rathdrum Prairie Atlas [IDEQ, 2000]) groundwater flow model
CH2M Hill (for SAJB wellhead 2000 3D, finite element, MICRO FEM
protection) groundwater flow model

021304sm1
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TABLEA4.1

CONTINUOUS DAILY METEOROLOGICAL STATIONS

013-1372.2300

Station ID Sth;trinog Source Pgeic(ﬁgf Precipitation | Temperature
ossor | oS oo | My
450031 Quartz Peak SNOTEL 16(;/%15/25%%59 Y Y
455844 Newport NCDC %Jé//(()):lgjljé%%% Y Y
79 | inanaiond | Asostws | LIS |y v
721856 | PHACFIS| asosran | UL N Y

* missing 1994 data

021304sm1
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TABLE 4.2

STRICKLER'S ROUGHNESS COEFFICIENTS FOR OVERLAND FLOW

Cover type Manning's# | Strickler’'sValue (m *3/s)
Smooth surfaces (asphalt, gravel, soil) 0.011 90.9
Fallow fields with loose soil 0.050 20.0
Cultivated soil w/crop residue (slope < 0.2) 00.60 16.7
Cultivated soil w/crop residue (slope < 0.2) 0.170 5.9
Short prairie grass and lawns 0.150 6.7
Dense grass 0.240 4.2
Bermuda grass 0.410 24
Range, natural 0.13 7.7
Woods or forest, poor cover 04 25
Woods or forest, good cover 0.8 13

Source: Spokane County Guidelines for Stormwater Management (October, 2000; Public Review
Draft)

Note: Strickler’s Roughness (equivalent to Mannings M) = */n, where n = Manning’s # (DHI, 2001)
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TABLES.1

MIKE SHE MODEL CODE SUMMARY

Hydrologic Component Mode Code Description

2-Dimensional kinematic wave

Overland Flow approximation. Uses DEM data directly.

1-Dimensional Richards or simplified
Unsaturated Zone Richards equation solutions with time varying
water table.

Based on the empirical egquations of the
Evapotranspiration/Plant Growth Kristensen and Jensen method where actual
ET isbased on soils moisture.

Snow Melt Degree-Day Snowmelt approach.

3-Dimensional Boussinesq equation solved

Seturated Zone using implicit finite difference techniques.
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MIKE 11 HD MODELED RIVER SUMMARY

. : Number | Number
Total River | Total River Measured | Created
Name Length Length
(m) (miles) Cross Cross
Sections ® | Sections @
Spokane River 107,488 66.8 48 14
Little Spokane River 79,795 49.6 10 16
Dragoon Creek 44,052 274 2 8
Deadman Creek 34,094 21.2 2 8
West Branch Little Spokane River 46,049 28.6 1 21
Dartford Creek 8,044 5.0 0 7
Little Deep Creek 26,501 16.5 0 9
Upriver Dam Channel 500 0.3 0 4
Upper Falls Controlworks Channel 765 0.5 0 4

(1) Measured cross-sections provided by Spokane County, Spokane County Conservation District, USGS

and Ecology

(2) Created cross-sections based on trapezoid, matched to DEM

021304sm1
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TABLE 6.2

LEAKAGE COEFFICIENTS USED IN PREVIOUS STUDIES

L eakage Coefficient
Upstream Downstream (sect)
(Chainage in meters) .
Bolke & Vaccaro (1981) | CH2M Hill (1998)
Spokane River
State Line (25,069) Harvard Rd.
5.0E-07
Harvard Rd. (29,136) Barker Rd. 6.20E-07
Barker Rd. (34,666) Sullivan Rd. 2.0E-06
Sullivan Rd. (38,947) Kaiser 1.0E-06
1.00E-04
Kaiser Trent Ave Brg. 5.0E-04
Trent Ave Brg. :
(42,693) Plantes Ferry 5.0E-06
Plantes Ferry 6.20E-07 .
(44.488) Argonne 5.0E-07
Argonne (46,618) Upriver Dam 5.0E-08
Upriver Dam :
(50,800) Greene St 2.00E-04 1.0E-03
Greene St (53,990) Mission St Brg. 5.0E-06
Mission St. Brg. -~ : :
(56,136) Sirti 6.20E-07 5.0E-06
Sirti Monroe St. 5.0E-06
Monroe St. (60,315) Cochrane St. 1.00E-05 5.0E-06
Cochrane St.
(62,235) Meenach Brg. 4.00E-06 5.0E-06
Meenach Brg. . :
(67,085) Albi Park 2.00E-06 1.0E-05
Albi Park (73,400) 7 Mile 4.00E-06 1.0E-05
7 Mile (79,890) 9 MileFalls 1.00E-07 1.0E-05
Little Spokane River
Mid-way between
At Dgg(ig)(; age Dartford and nr 1.00E-06
' Dartford Gages
. Near Dartford USGS
Mid-way Gage 2.00E-06
Near Dartford ,
(67.679) Spokane River 3.00E-06

Note: Leakage Coefficient defined as the vertical hydraulic conductivity of the streambed divided by the
streambed thickness
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LEAKAGE COEFFICIENTS FOR THE MIKE SHE MODEL

Upstream Downstream ..
River Name Cr;ai nage Chainage L eakage (_:10eff|C|ent
(m) (m) )
3,602 6,900 1.00E-04
West Branch LSR 6,900 35,900 1.00E-10
35,900 46,049 1.00E-02
18429 25,069 1.00E-06
25,069 30,746 1.00E-05
30,746 34,667 1.00E-07
34,667 38,047 2.00E-06
38,047 41,361 1.00E-03
41,361 42,970 5.00E-05
42,970 43,774 5.00E-06
43,774 51,184 5.00E-07
Spokane River 51,184 52,341 9.00E-04
52,341 53,989 5.00E-05
53,989 55,000 5.00E-07
55,000 56,167 5.00E-06
56,167 58,900 5.00E-05
58,900 60,600 1.00E-10
60,600 62,235 1.00E-06
62,235 67,085 5.00E-05
67,085 107,488 1.00E-05
0 6,500 1.00E-03
6,500 10,102 1.00E-10
10,102 24,000 1.00E-03
24,000 27,000 1.00E-10
. . 27,000 30,800 1.00E-03
Little Spokane River 30,800 35,000 1.00E-10
35,000 36,423 1.00E-03
36,423 37,348 1.00E-10
37,348 79,667 1.00E-03
79,667 79,795 1.00E-10
0 14,769 1.00E-10
Dragoon Creek 14,769 44,052 1.00E-04
Upriver Dam Channel 0 500 1.00E-07
0 5,000 1.00E-05
Dartford Creek 5,000 8,044 1.00E-06
Little Deep Creek 0 26,501 1.00E-07
2,512 16,004 1.00E-10
Deadman Creek 16,094 34,004 1.00E-07

021304sm1
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TABLE 6.5

NLCD LAND COVER CLASSIFICATIONS

013-1372.2300

NLCD Land Cover Class Definition

StricklersValue

Total Acreage

(m“%¥/g)
Open Water 0 10,726
Perennial Ice/Snow 0 -
Low Intensity Residential (30_-80% constructed, 20-70% 318 44,054
vegetation)
High Intensity Residential (80-100% constructed, <20% 48.2 486
vegetated)
Commercia Industrial/Transportation 54.6 17,392
Bare Rock/Sand/Clay 48 741
Quarries/Strip Mines/Gravel Pits 42 -
Transitional 15 37,011
Deciduous Forest 1.2 1,375
Evergreen Forest 1.2 323,176
Mixed Forest 12 21,082
Shrub land 4.8 64,711
Orchards/Vineyards/Other 3.6 5,867
Grasslands/Herbaceous 4.8 41,877
Pasture/Hay 24 79,597
Row Crops 10.2 2,765
Small Grains 10.2 29,216
Fallow 12 41,015
Urban/Recreational Grasses 4.2 1,849
Woody Wetlands 18 828
Emergent Herbaceous Wetlands 3 8

Note:

(1) Strickler's Roughness (equivalent to Mannings M) = */n, where n = Mannings n (DHI, 2001)

(2) Final roughness values used were 60% of reported Strickler’s Roughness values.
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TABLE 6.6

HYDROLOGIC SOIL GROUP CRITERIA

Hydrologic Soil

. a
Group Criteria
A Saturated hydraulic conductivity is very high or in the upper half of
high and internal free water occurrence is very deep.
Saturated hydraulic conductivity isin the lower half of high or in the
B upper half of moderately high and free water occurrence is deep or very

deep.

Saturated hydraulic conductivity isin the lower half of moderately high
C or in the upper half of moderately low and internal free water
occurrence is deeper than shallow.

Saturated hydraulic conductivity is below the upper half of moderately
D low, and/or internal free water occurrence is shallow or very shallow
and transitory through permanent.

& The criteria are guidelines only. They are based on the assumption that the minimum saturated hydraulic
conductivity occurs within the uppermost 0.5 m. If the minimum occurs between 0.5 and 1 m, then saturated
hydraulic conductivity for the purpose of placement is increased one class. If the minimum occurs below 1
m, then the value for the soil is based on values above 1 m using the rules as previously given.

Source: Soil Survey Manual, 1993.
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TABLE 6.7

VEGETATION GROUPING FOR EVAPOTRANSPIRATION SIMULATIONS

Vegeta%ggéfssgz&;c:yméﬂ;;ﬁ and NLCDID Modeling Group Description
Deciduous Forest 41 Deciduous Forest
Evergreen Forest 42 Evergreen Forest

Mixed Forest 43 Mixed Forest
Shrubland 51 Shrubland
Orchards/Vineyards/Other 61 Plantations
Grasslands/Herbaceous 71 Grasslands/Herbaceous
Pasture/Hay 81 Pasture/Hay/Turf
Row Crops 82 Cropland
Small Grains 83 Cropland
Fallow 84 Cropland
Urban/Recreational Grasses 85 Pasture/Hay/Turf
Wetlands, Woody 91 Wetlands
Wetlands, Emergent Herbaceous 92 Wetlands
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* indicates a measured value
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TABLE 6.10

TIME VARYING BOUNDARY CONDITIONS

(Elevation in m)

Well-1D 1533E01 1528N03 1521M01 | SONOSWO4CACC02
Jan 1 607.8 608.1 608.7 609.1
March 1 608.4 608.8 609.4 609.9*
June 1 610.1 610.5 611.1 611.5
September 1 608.1* 608.5* 609.* 609.5
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TABLE 7.1

INTERNAL BOUNDARY VARIABLES TRANSFERRED

BETWEEN MIKE SHE COMPONENTS

(Source: MIKE SHE Water Movement User Manual,2000)

013-1372.2300

Component Other Components
Variable WhereVariableis
Used
Evapotranspiration/l nterception (ET/IC)
Net rainfall uz, oC
Soil evaporation uz
Transpiration uz
Bypass sz
Evaporation from groundwater | SZ
Evaporation from overland flow | OC
Unsaturated Zone (UZ)
Infiltration oC
Recharge to groundwater table | SZ
Saturated Zone (SZ)
Groundwater table Uz, EX
Seepage flow oC
Net groundwater flow in each
grid vz
Overland Flow, Channel Flow (OC)
Overland water depth UZ, ET,SZ*
River water level EX
Exchange Component (EX)
Drainage flow SZ,0C
Dischargeto river Sz, 0C

021304sm1

*

Used as initia condition for the next time step if the groundwater table was above the ground
surface in the previous SZ time step and is defined in the frame.
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TABLES8.1
CALIBRATION WELL INFORMATION

wel ID Well Name We;;[grcol_rsvel Layer Source Comments
5415301 VERA 1 Hydrograph | Qfg | Spokane County/Reanette Boese SVRP
5426L01 VERA 4 Hydrograph | Qfg | Spokane County/Reanette Boese SVRP
9233G01 DEER PARK Hydrograph | Qfg | Spokane County/Reanette Boese Deer Park Aquifer
5516C01 INLAND EMPIRE Hydrograph | Ofg | Spokane County/Reanette Boese SVRP
6308F02 MAYFAIR Hydrograph | Qfg | Spokane County/Reanette Boese | SYRP. Hillyard Trough - Below Clay Lens
6307G01 WHITWORTH 3B Hydrograph | Qfg | Spokane County/Reanette Boese | SVRP. Hillyard Trough - Above Clay Lens
7332H01 WHITWORTH 8A1 Hydrograph | Qfg | Spokane County/Reanette Boese Little Spokane River
5314E01 CITY CENTRAL PREMIX | Hydrograph | Qfg | Spokane County/Reanette Boese SVRP
5202E01 CITY WWTP Hydrograph | Qfg | Spokane County/Reanette Boese Outside of WRIA’S
5304G01 CITY —NE COMM CNTR | Hydrograph | Qfg | Spokane County/Reanette Boese SVRP, Hillyard Trough
5307M01 CITY - TRINITY Hydrograph | Qfg | Spokane County/Reanette Boese | SVRP. Trinity Trough, Qutside of WRIA's
5311307 CITY - HALE'S Hydrograph | Ofg | Spokane County/Reanette Boese SVRP
5312C01 CITY - FELTSFIELD Hydrograph | Qfg | Spokane County/Reanette Boese SVRP
5322A03 CITY —-39& HAVANA | Hydrograph | Ofg | Spokane County/Reanette Boese SVRP
6331301 CITY _FRANKLIN PARK | Hydrograph | Qfg | Spokane County/Reanette Boese | SVRP: Hillyard Trough, Just outside WRIA'S
5411R02 SULLIVAN PARK NORTH | Hydrograph | Qfg | Spokane County/Reanette Boese SVRP
5507HO1 BARKER — NORTH Hydrograph | Qfg | Spokane County/Reanette Boese SVRP
5517D05 BARKER — MISSION Hydrograph | Ofg | Spokane County/Reanette Boese SVRP
6212101 WHITWORTH #4 Hydrograph | Qfg | Spokane County/Resnette Boese | SYRP: Hillyard Trough, Above Clay Lens
6525R01 IDAHORD nr PIPELINE | Hydrograph | Qfg | Spokane County/Reanette Boese SVRP —near Stateline
6404N01 none Snapshot T Boese and Buchanan, 1996 Peonie Prairie
7312P01 none Snapshot T Boese and Buchanan, 1996 Little Spokane River Aquifer
7327301 none Snapshot T Boese and Buchanan, 1996 Little Spokane River Aquifer
8332G01 none Snapshot T Boese and Buchanan, 1996 Little Spokane River Aquifer
8335B01 none Snapshot Qfg Boese and Buchanan, 1996 Little Spokane River Aquifer
8201801 DP/M-2 Snapshot | Qfg EMCON, 1992 Deer Park Aquifer
9332P01 DP/M-5 Snapshot | Qfg EMCON, 1993 Deer Park Aquifer
9235J01 DP-4 Snapshot Qfg EMCON, 1994 Deer Park Aquifer
9223R01 TW2 Snapshot Qfg EMCON, 1995 Deer Park Aquifer
8211K01 BROWN Snapshot | T EMCON, 1996 Deer Park Aquifer
8316N01 DOE-16 Snapshot T EMCON, 1997 Deer Park Aquifer
9233F01 DOE-33 Snapshot | T EMCON, 1998 Deer Park Aquifer
8223801 KEIFEL Snapshot | T EMCON, 1999 Deer Park Aquifer
9214N01 MILLER Snapshot T EMCON, 2000 Deer Park Aquifer
25N45E09ABCDOL none Snapshot | Qfg USGS, 2000 SVRP—nr Staeline
25N45E17BBAAOS none Snapshot | Qfg USGS, 2001 SVRP—nr Stateline
50N06W12DDCDOL none Snapshot | Qfg USGS, 2002 SVRP—nr Staeline
51N06W36DAAAOL none Snapshot | Qfg USGS, 2003 SVRP—nr Stateline
DL0409P01 none Snapshot | Qfg Reanette Boese Diamond Lake Aquifer
DL0410D02 none Snapshot Qfg Reanette Boese Diamond Lake Aquifer
DL0412E01 none Snapshot Qfg Reanette Boese Diamond Lake Aquifer
DL0506P01 none Snapshot Qfg Reanette Boese Diamond Lake Aquifer
DL1530D01 none Snapshot Qfg Reanette Boese Diamond Lake Aquifer
DL1531H01 none Snapshot | Qfg Reanette Boese Diamond Lake Aquifer
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TABLE 8.2

DISCHARGE CALIBRATION POINTS

013-1372.2300

. SCCD/ | USGS | WQMP Period of

Station Name POCD ID D D Sour ce Record Data Type
Deadman Creek SCCD |10/1998 - 5/1999| Snapshot
g:agoon Ck @ Crescent | oo 8333R | WQMP |06/1994-06/1995| Snapshot

POCD-
Little Spokane @ Scotia | LS1 | 12426500| 0508N | SCCD- | 7/1996 - 9/1999 | Snapshot
DOE- 2000
Spokane River at Long 04/01/1939- .
Lake, WA 12433000 USGS | 0ar301999 Daily
Little Spokane River @ 05/1929-09/1932,
Dertford, Waeh 55B082 [12431000| 6305C | USGS |(nosm ooiwoc|Hydrograph
Little Spokane River Nr 04/1948-03/1952,
Dartford, Wash. S5B075 | 12431500 USGS  |10/1997-00/1990 |H1Ydrograph
Little Spokane River,
Chattaroy Rd., Chattaroy, | 558200 8327Q SCC  |10/1975 - 9/1996 |Hydrograph
WA
L SR at Elk/Chattaroy
Road Bridge LS2 SCCD | 7/1996 - 9/1999 | Snapshot
Spokane R. Above Liberty 01/1929-10/1983,
Br. Nr Otis Orchard, WA 12419500 USGS/SCC 11/1993-09/2000 1Y drograh
Spokane River At i
Spokane, WA 12422500 USGS |04/1891-09/1999 |Hydrograph
Spokane River Blw Green 12/1948-09/1952,
St @ Spokane Wash 12422000 USGS/SCC 11/1993-12/1098 [ 1Ydrogranh
W. Branch LSR Eloika
L ake Road Bridge LS3 SCCD | 7/1996 - 9/1999 | Snapshot
Golder Associates
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TABLE 8.3

ANNUAL RIVER DISCHARGE CALIBRATION
(Based on Modeled Water Y ears 1993 — 1999)

Average Annual Flow
(cms)
Water Year |Spokane River @ SpokaneLittIe Spgl;??fiiilver near| Little Sp[))(z);;ir;?oll?iver @
Measured Modeled Measured Modeled Measured Modeled
1994 85.3 88.5 - 16.1 4.30 85
1995 179.0 1719 - 234 9.30 15.8
1996 279.9 2804 - 229 9.80 14.6
1997 293.0 280.0 - 28.0 17.71 19.3
1998 153.8 146.9 17.7 241 9.84 15.9
1999 2134 2105 195 249 12.63 16.0

021304sm1
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February 13, 2004 013-1372.2300

TABLE9.4
SUMMARY OF ESTIMATED FLOW ACROSS STATELINE

Estimated Estimated
Source Approx. Location of Eastern | Groundwater Flow Groundwater Flow
Model Boundary Across Stateline Across Stateline

(cms) (cfs)
Pluhowski and Thomas |3 i1 e west of WA-ID state line 26.9 950
(1968)
Drost and Seitz (1978) WA-ID state line 22.6 800
Bolke and Vacarro (1981) WA-ID state line 112.1 396"
Bolke and Vacarro (1981) 3.5 miles eas}i(r)]LWA-l D state 128.3 453
Painter (1991) WA-ID state line 21.3 753
Buchanan and Olness .
(1994) WA-ID stateline 9.0 320
CH2M Hill (1998) WA-ID stateline 10.7 380
Buchanan (1999) WA-ID state line 11.0 390
CH2M Hill (2000) WA-ID stateline 11.3 400
IDEQ (2000) WA-ID stateline 11.0 390
MIKE SHE (2002)* .
WY 1994-1999 WA-ID stateline 15.6 551

1. Calculated by subtracting north and south groundwater inflow from the total groundwater inflow to the model
with WA-ID line as the eastern model boundary (i.e. 668 — 145 (north) — 127 (south)).

2. Calculated by subtracting north and south groundwater inflow from the total groundwater inflow to the model
with Post Falls Dam as the eastern model boundary (i.e. 668 — 108 (north) — 107 (south)).

021304sm1 Golder Associates
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February 13, 2004 013-1372.2300

TABLE 9.6

SUMMARY OF ESTIMATED FLOW THROUGH HILLYARD TROUGH
(Based on Modeled Water Y ears 1994 — 1999)

Estimated SVRP Estimated SVRP

Source Aquifer Dischargeto | Aquifer Dischargeto

Little Spokane River | Little Spokane River
(cms) (cfs)
Bolke and Vacarro, 1981 7.2 254
CH2M Hill, 1998 (Spring, 1995) 9.5 335
CH2M Hill, 1998 (Fall, 1994) 85 300
CH2M Hill, 1998 (Fall, 1994) 5.2 182
Golder Associates (2002) 7.9 281

021304sm1 Golder Associates
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