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Overview

WRIA 1 Groundwater Assessment
June 2013



An interdisciplinary team of water resource technical specialists worked with the WRIA 1 Joint Board
Staff Team to compile existing technical models, studies, and data into an assessment of groundwater in
WRIA 1. For a complete list of contributors, see Chapter 4 - Recommendations for Data Collection and
Model Integration In Bandaragoda, C., C. Lindsay, J. Greenberg, and M. Dumas, (eds). WRIA 1
Groundwater Data and Model Assessment, Whatcom County PUD #1, Whatcom County, WA: WRIA 1
Joint Board.

Technical reviewers: Jeremy Freimund, Lummi Nation Natural Resources, Kasey Cykler, State of
Washington Dept. of Ecology. See also List of Contributors, Chapter 4 Section 4.0.

Please cite this Overview as:

Print Citation: Bandaragoda, C., J. Greenberg, C. Lindsay, and M. Dumas (2013). WRIA 1 Groundwater
Data Assessment: Overview. In Bandaragoda, C., J. Greenberg, C. Lindsay and M. Dumas, editors. WRIA
1 Groundwater Data Assessment, Whatcom County PUD #1, Whatcom County, WA. WRIA 1 Joint Board.

Online Citation: Lindsay, C. and C. Bandaragoda, (2013). WRIA 1 Groundwater Data Assessment:
Overview. In Bandaragoda, C., C. Lindsay, J. Greenberg, and M. Dumas, editors. WRIA 1 Groundwater
Data Assessment, Whatcom County PUD #1, Whatcom County, WA. WRIA 1 Joint Board. Retrieved
[Date], from http://wrialproject.whatcomcounty.org/.

This work was funded by the WRIA 1 Joint Board and managed by Whatcom County PUD #1 and funded
by Department of Ecology Grant No 1200070 Task 9 Groundwater Study; June 2013.
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1. Overview
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Figure 1. Groundwater is one component of the
hydrologic cycle. = Groundwater flow begins as
infiltration of rain and snow, and then it moves into
and through the soil to the aquifer. Some of the
groundwater flows laterally and emerges into the
surface stream creating baseflow.

The WRIA 1
(GW Assessment) assembled and reviewed

Groundwater  Assessment
groundwater reports and other documents and
datasets to prepare a searchable catalog of existing
groundwater data available to the WRIA 1 Joint
Board for use in water resource planning and
management in WRIA 1. This review process did
not include analysis of the quality of available
resources and datasets, nor did the project scope
include compilation of groundwater quality
information and datasets.

The GW Assessment focused on groundwater
resources and water source data gaps, specifically

» ldentifying the types of groundwater studies
and datasets available for each watershed in
WRIA 1.

» Compiling groundwater studies and updated
datasets into readily accessible formats for use
by water resource professionals.

» ldentifying future groundwater data collection
needed for developing and implementing a
groundwater model.

» Identifying data gaps for water source and
locations for all water use categories.

This overview introduces the GW Assessment, the
methods used to conduct the work, and how to
access the information presented in the main
report and technical appendices, including:

Understanding of WRIA 1
A technical description of the WRIA 1 aquifers

aquifers -

which outlines available data organized by scale
(site specific, drainage, regional) used to conduct
groundwater studies of the primary aquifers in
WRIA 1: Sumas-Blaine aquifer; discontinuous
surficial aquifers; upper valley aquifers; bedrock
aquifers; and deep regional aquifers (Chapter 1).

Groundwater data and data gaps — A description
of the databases previously developed by
agencies within WRIA 1 that were compiled to
produce locator maps with the number of studies
containing specific types of data (e.g., seasonal
depth to water) and data gap locations.
A summary of data gaps are presented for a range
of aquifer properties (Chapters 2 & 3).

Understanding of WRIA 1 sources of supply
— A description of available knowledge on water
supply sources is provided with information
presented by type of use: irrigation, dairies,
utilities, public water systems, and self-supplied.
Options for improving known data gaps are
outlined (Chapter 3 & 4).

Recommendations for data collection and model
integration - Background information and
suggestions to support near-term and long-term
planning  needs related to  watershed
management and salmon recovery in WRIA 1,
including a groundwater model and the types of

data required for such a model (Chapter 4).

Database of aquifer properties and references
(Endnote and Access) — Bibliography of geologic
and hydrogeologic data (250+ citations) available
for the principal aquifers in WRIA 1, both surficial
and deep aquifers, in WRIA 1.
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2. What groundwater information is included in this compilation?

The data compilation of aquifer properties,
presented in the Endnote and Access databases,
catalogues available groundwater resources
information based on watershed management
units and is searchable by Management Area with
cross-referencing based on aquifer, study scale and
aquifer properties, shown in Table 1. WRIA 1 Joint
Board Watershed Staff Team members provided
insight on available studies, technical review, and
future planning needs throughout the development

of the GW Assessment.
The data compilation includes a description of:

1. Current groundwater quantity data available in
WRIA 1 and potential uses;

2. Range and spatial extent of groundwater
models and parameters available in WRIA 1;

3. Future data collection and model requirements
for water resource planning and management in
WRIA 1 related to:

» aquifer characteristics

» groundwater recharge/discharge areas,
» groundwater use,

» surface/groundwater interaction; and

4. Description of Topnet-WM and MODFLOW
integration, review of integrated hydrologic
models available and recommendations for
future modeling efforts in WRIA 1.

Additional analysis of data was beyond the
project scope.
database has some repetition, e.g., many studies

Readers should note that the

refer back to a common source such as the USGS
Water-Resources Investigations Report 98-4195
(Cox and Kahle, 1999).

In addition to repetition, there are other
technical variables to consider when reviewing the
resource compilation. In some studies the area to
be studied for groundwater analysis was conducted
using a topography based approach, while other
studies and data rely on a numerical approach
which uses a grid framework to represent
information.

Table 1. Primary aquifers, scales of data sources, and
aquifer properties.

Primary Aquifers

Sumas-Blaine Upland Upper Valley

Deep Regional  Discontinuous  Bedrock

Site Drainage Regional
Hydraulic

Aquifer Testing Transmissivity

Conductivity
Aquifer Aquifer Storage Water Level
Thickness Data
Geophysical GW Flow Seepage
Analysis Direction Analysis
Hydraulic Streambed Recharge
Gradient Conductance

A component of previous studies and projects as
well as this GW Assessment, has been to identify
the data and resources needed to expand existing
WRIA 1 groundwater information. A complete
listing of the available WRIA 1 groundwater
resources is compiled and organized into the
WRIA 1 Groundwater Bibliography (see Chapter 1
Electronic Appendix).

WA Department of Ecology

Statewide Water Rights Web Map
http://www.ecy.wa.gov/programs/wr/info/webmap.html
Ecology's Well Log Database

Water Resources website http://www.ecy.wa.gov/
programs/wr/wrhome.html

WA Department of Health

http://www.doh.wa.gov/DataandStatisticalReports
/EnvironmentalHealth/DrinkingWaterSystemData.aspx

State Department of Health Water System Data
http://www.doh.wa.gov/DataandStatisticalReports
/EnvironmentalHealth/DrinkingWaterSystemData.aspx
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A central challenge to increasing groundwater
knowledge in WRIA 1 is the development and
implementation of a modeling system to address
ongoing and new questions of concern to the many
local communities sharing these water resources.
Throughout the development of the GW
Assessment technical work, the WRIA 1 Joint Board
Staff Team provided input on organizing strategies
for data resources and identifying the types of
issues that will require foremost attention in the
future.

The following technical question regarding the
need for improved integration between surface and
ground water resource information and tools
emerged from the review of available resources
and technical reviewer input:

“What can we do to allocate water for
existing and future uses and how can we best
avoid, reduce magnitude, and mitigate
impacts while maintaining instream flow and
reduce uncertainty in low flow periods?”

To begin to address this question the project
team surveyed technical reviewers to gain an
understanding of the types of water datasets and
resources available, as well as current and longer
term management issues that might be addressed
(Appendix B). Additionally, the team collected
information from a range of local and national
watershed modeling experts (Appendix C) provided
insight on options, and incremental steps building
on available information. The technical
recommendations outlined in Chapter 4 address
WRIA1 water management issues, data collection

and model development steps.

It's in the interest of WRIA 1 to be both efficient
with the long-term model development plan, as
well as improve the quality of the model usefulness
by validating it for decision making with each model
advancement step. Integrating a surface and
ground water model may involve more cost and
uncertainty than transitioning existing datasets and

parameters to an existing integrated model.

Conceptual Model: Framework for designing
numerical model, layers, extent, and
processes represented in the numerical model.

Numerical Model: Mathematical equations
and data-based parameters (code) used to
represent specified area in a watershed.

Transient Flow Model: Magnitude and
direction of flow changes over time, unlike
a steady state model.

Drainage: Topographically defined modeled
area (WRIA 1 Topnet-WM).

Grid Cell: Square pixel for model area
(all groundwater models).

Groundwater Flow: Infiltration, movement
from unsaturated to saturated, transport
from aquifer to stream.

Baseflow: Ground water contribution of
streamflow.

Feet above Mean Sea Level: All elevations
presented the report are relative to mean sea
level unless otherwise noted.

Depth to Water: The difference between the
surface elevation and the static water level

Hydraulic Conductivity or Connectivity:
The connection between groundwater and
surface water.

At the same time, using uncoupled groundwater
model (MODFLOW) or surface water (i.e., rainfall
runoff) model (Topnet-WM) have not been used to
address core WRIA 1 questions or implemented.
This project’s recommendations aim to address
information needs specific to various scales of
surface and ground water resources and their
interactions.
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3. What do we know about WRIA 1 groundwater resources?
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Figure 2. WRIA 1 Management Areas.

WRIA 1 is located in the northwest corner of
Washington State and is generally bounded by the
Strait of Georgia to the west, British Columbia to the
north, the Cascade Range to the east, and the Skagit
River Basin to the south. Figure 2 above shows water
Management Areas, or aggregated watersheds,
located in WRIA 1 that are used to study ground and
surface water resources. Within this boundary area
are a wide range of geological settings.

There are two primary rivers in WRIA 1.
The Nooksack River flows west from the Cascade
Range to Bellingham Bay and the Sumas River flows
north from the north-central lowlands of WRIA 1 to
the Fraser River in British Columbia.

The Nooksack River watershed has a total
drainage area of approximately 826 square miles
with roughly 49 square miles located in British
Columbia, Canada.
Nooksack River is formed by the convergence of

The mainstem of the

the South Fork Nooksack River, which drains
roughly 183 square miles, the Middle Fork
Nooksack River, which drains approximately 102
square miles, and the North Fork Nooksack River,
which has a drainage area of approximately 281
The North and Middle Forks
Nooksack River drainages include the north, west
and southwest glaciated slopes of Mt. Baker
(10,777 feet) and Mt. Shuksan (9,131 feet).

square miles.

The Sumas River drainage is approximately 65
square miles and includes much of the area
immediately to the south, west and east of the
City of Sumas.

Section 3.1 gives an overview of where
groundwater data are available within the WRIA 1
watersheds. Section 3.2 provides a snapshot on
current primary aquifers in WRIA 1.
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3.1 Locations where groundwater data are available

ack River Delta
Eeflingham

ummi-Reninsula East
Bay

s Lake Samish

Abbotsford
gk ik

Ciws
Lakn

Curftus
Lake

Lirdeil
DAAE e Lok

N

d A

- NumericalModel
- DrainageStudy

SiteSpecificStudy

Nooksack River
0 1 2 4 [ 8
B N . iles

L (A -l e
Ekagit

Figure 3. Number of relevant groundwater studies per drainage, with scale showing number of drainage models,

drainage studies, and site studies.

Chapter 1, Understanding of Surficial and Deep
Aquifers in WRIA 1 provides a general overview of the
current knowledge of groundwater in the primary
surficial and deep aquifers located in WRIA 1.

Based on the available technical studies and other
relevant information, some of the WRIA 1 aquifers are
relatively shallow, regionally extensive and fairly well
known, such as the Sumas-Blaine Aquifer. While other
aquifers, such as the Deer Creek and Lummi Peninsula
Aquifers, are generally deeper in nature and more
localized in extent.

The
groundwater characteristics and physical locations.

range of information varies, across
For example, a substantial number of publications
are available regarding regional or general studies
for WRIA 1 that contain data useful for populating

a regional groundwater model.

In the case of a drainage scale model, the
numbers of studies containing some of the data
inputs necessary for constructing a groundwater
flow model are available for 20 of the 172
drainages located in WRIA 1 (Figure 3Figure 3).

Several of the drainages, Bertrand, Fishtrap,
Johnson, Lower Dakota and Nooksack to Deming,
and the drainages located on the Lummi Peninsula,
have a significant number of technical studies with
very useful data. Fewer studies have been

completed for the remaining drainages.

The data that are available are, however,
insufficient for developing a site specific or sub-
Additional

required to address water resource planning and

drainage model. data collection is

management site specific questions.
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3.2 Where is groundwater stored?
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Figure 4. WRIA 1 Primary aquifers in WRIA 1.

3.2.1. Sumas-Blaine Aquifer

The Sumas-Blaine Aquifer is likely the most
productive and widely used aquifer in WRIA 1.
The aquifer is a common source of irrigation, single-
family domestic, and public water systems in the
northwestern portion of WRIA 1. The Sumas-Blaine
Aquifer generally underlies the flat plain between
the towns of Sumas, Blaine, Ferndale, and Everson
the Nooksack River,
150 square miles.

and occupying about

Groundwater in the aquifer can be at or near
the ground surface in the wet winter/spring
months and is generally at depths below the
ground surface of less than 10 feet throughout the
remainder of the year. Regionally, groundwater in
the Sumas-Blaine Aquifer tends to flow towards the
Nooksack and Sumas Rivers and locally towards the
smaller based on studies

tributary streams,

compiled in this assessment.

Our review of the information compiled for
WRIA 1 indicates that a significant volume of
groundwater related information is available for
the
information

Sumas-Blaine  Aquifer
regarding:

conductivity,

including
parameters
transmissivity,

specific
aquifer
(hydraulic and
storage);

potential; and groundwater level monitoring data.

surface/ground  water interaction
An example of how these types of data can be used
to help understand groundwater resource con-
ditions is provided in Figure 5. This sample
hydrograph of observed water levels shows the
estimates for a single well located in the upper
reaches of Bertrand Creek drainage which is within
the aquifer (Figure 5). The hydrograph illustrates
the effects of summer irrigation fluctuations that
the Sumas-Blaine Aquifer is likely to typically
experience in the upper portion of the Bertrand
Creek drainage (roughly five feet of seasonal

fluctuation is shown on the graph).
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Figure 5. Shallow groundwater hydrograph. Bertrand
Creek Subbasin- Well BAE 184. T41N, R2E, Section 36.
Ground surface elevation approximately 140 feet.

The hydrograph example above is just one type
of data resource useful for management of
groundwater and modeling. The following section
outlines features of the primary aquifers and the
types of information available currently in WRIA 1.

3.2.2. Discontinuous Aquifers

There are numerous discontinuous aquifers
located in WRIA 1, most of which are located in the
western half of Whatcom County. Surficial and/or
deeper (non-surficial) discontinuous aquifers are
important sources of potable/nonpotable water
and have been identified beneath the Mountain
View Upland west of Ferndale, the Boundary
Upland just east of Blaine, the Tenmile
Management Area (Deer Creek Aquifer), the Lummi
Peninsula, and the Birch Point Upland southwest of
Blaine. It is also possible that non-surficial
discontinuous aquifers are locally present in the
Squalicum, Lake Whatcom, and Upper Mainstem
Nooksack Management Areas based on the
geologic setting and isolated water well report
data.

Chapter 1 includes a brief overview of four of
the better understood discontinuous aquifers in
located in WRIA 1: Mountain View Upland;
Boundary Upland; Deer Creek Aquifer; and Lummi
Peninsula Aquifer.

All four of these discontinuous aquifers appear
to be generally under confined to semi-confined
conditions and are typically less than 250 feet in
depth. Recharge to these aquifers is primarily from
infiltrating precipitation and vertical migration of
groundwater from overlying surficial aquifers
where present based on available studies.

3.2.3. Upper Valley Aquifers

The upper valley aquifers are located within the
narrow valleys of the North, Middle and South Fork
Nooksack River Management Areas of WRIA 1.
These are significant surficial aquifers in the WRIA
and generally consist of interlayered mixtures of
gravel, sand, silt, and clay. These aquifers are
generally recharged by the direct infiltration of
precipitation and flood waters from the adjacent
river, and to a lesser extent by lateral flow from
surrounding fractured bedrock aquifers.

3.2.4. Deep Regional Aquifers

A deep regionally extensive aquifer (Blaine
Aquifer) has been identified in the northwestern
portion of WRIA 1 near Blaine and Lynden in a 2008
study by Associated Earth Sciences, Inc (2008b).
While bearing a similar name to the surficial Sumas-
Blaine aquifer, this deep regional aquifer appears to
be located typically at depths greater than 350 feet.

3.2.5. Bedrock Aquifers

Most of the eastern half and southwest portions
of WRIA 1 are comprised of a complex mix of
sedimentary, igneous, and metamorphic bedrock
that is overlain by a thin layer of sediments.
Although the bedrock typically has a generally low
permeability, it can yield usable quantities of
groundwater in localized areas where secondary
fractures have increased the overall permeability.
Our review of the information compiled for WRIA 1
indicates that a small volume of groundwater
related information is available for bedrock
aquifers.  The data are generally limited to
information presented in regional geologic maps,
regional geologic/hydrogeologic studies, and on
water well reports for wells completed in the
fractured bedrock aquifers.
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4.0 What do we know about WRIA 1 sources of supply?

4.1. Identification of data gaps for
sources of supply

One of the purposes of this project was to provide
an overview of the existing information available on
water supply sources for the many different types of
water use in WRIA 1.
and location(s) from which the water is withdrawn is

Identifying the source water

important for improving water resource manage-
ment tools. Sources of water in WRIA 1 include

surface water (lakes, rivers, and springs) or

groundwater (surficial and deep aquifers).

Table 2. Water supply sectors and source information.

Source Location

Type of

Water User Known? Known?

Where Documented?

Utility records of water use

Of the five categories of water use, utilities

(municipal and industrial purveyors) have
documented their withdrawals, sources of supply,
and source locations. For most other water users,
the source may be known but the location or
service area may be a data gap, especially for
public water systems. For irrigation and dairy
operations, neither the type of source nor the
Table 2 shows the

known information and documents in WRIA 1.

source locations are known.

Known Issues with Dataset

None.

Whether place of use on water
right documents and service
areas are the same.

Utilities Yes Yes )
available from purveyor.
Mostl Most no; . .
Public Water y WA De|i)t of Health database;
yes; some water rights documents; well
Systems
some no known log database.
No: Water right documents; three
I EIEn No Bl studies completed in the Lower
. Nooksack Subbasin; well log
rights
database.
Water right documents;
public water systems supply
Dairy No No water; Locations known by

Self-Supplied Yes

No

Whatcom Conservation
District. 2003 shapefile
available but not current.
Well logs and water right
documents.

Non-permitted uses; some
permitted users may have
switched sources without proper
documentation.

Analysis of dairy locations; overlay
with rights and well logs; need
information from public water
systems that supply water.

Locations unknown for most exempt
wells unless well logs were filed.
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4.2 Irrigation data gaps

Irrigation is the largest use of water in WRIA 1 and
even though the demand takes place during limited
times of the year, this use coincides with periods of
the year when precipitation and streamflows are at
their lowest in the annual water cycle for WRIA 1.
In the case of irrigation use, the sources of water
(ground and/or surface) are not readily known; nor
are the locations for which it is withdrawn and where
it is spread or applied to the land. In previous
technical work in WRIA 1, an estimated proportion
for irrigation use was allocated as coming from
ground and surface water as derived from water
rights. This estimated proportion was used in place of
the missing data.

An analysis conducted as part of the Bertrand
Comprehensive Irrigation District Management Plan
(CIDMP) (2004) provides a case study or template of
how additional data on water source might be
collected in the future to better represent irrigation
use when modeling tools are advanced (groundwater
integrated, model updated, recalibrated).

Source water proportions from ground and surface
water in Bertrand Creek drainage illustrate an
example of the potential difference when the
estimated proportion is based on water right
documents versus information provided by farmers
with knowledge of “on the ground” locations and
source types as shown in Figures 7 and 8 on the
following page. The actual use data were taken from
the Bertrand CIDMP (2004).

Table 3 shows the results from using each method.
The 13 % difference can be attributed to several
reasons including the difference between actual
water use versus permitted use, overlapping or
duplicative water rights, inaccurate information on
water right documents etc. As a result, reliance on
water rights in WRIA 1 to identify the water source
location is not considered a reliable method for
determining the proportion of irrigation water
derived from ground and surface water.

Actual water use, source type and locations can be
better identified working with irrigators and available
public information, e.g. aerial photos, parcel maps.
Table 3. Source water identification, Bertrand Creek.

Data Source Proportion of Source Water

Ground Surface
water Water
2004 CIDMP Irrigation 87% 13%
water use
CIDMP 2004Water 74% 26%

rights annual volume
analyzed for overlap

4.3. Dairy farm data gaps

Legend

Dairy Size
A Lage
A Medum
A sman

Public Water Systems
@ PWS Source Location

Map Prapared by
HydroLog Samices Co, 213

Sourca Dats WA St Dsparivantf Hesth
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Figure 6. Dairy farms and source locations of public
water systems by section.

Little is known about water source locations for
dairy farms except that many are purveyed water via
public water systems. A recently updated
Washington Dept. of Ecology geospatial file of dairy
farm locations became available with the data as of
2010. Figure 6 shows the 2010 dairy farm locations
by size (small, medium, and large) and public water
system sources to the nearest section. This
information can help determine which public water

systems to contact to fill data gaps for dairy farms.
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Figure 7. Proportion of irrigation source water in each
section, field data collected during Bertrand CIDMP
(Greenberg 2004).

4.3 Public Water System data gaps

More than 400 public water systems are active in
Whatcom County; 45% are Group A systems and
55% are Group B systems. Group B are very small
water systems serving fewer than 15 connections
and fewer than 25 people per day. Public water
systems in Whatcom County were summarized by
water source and type of system (Group A or Group
B, see Table 4).

The population served by public water systems
can be viewed in Figure 9 on the following page,
featuring the section in which the system sources
are located. The largest populations are served by
sources in only a few sections while most sources
serve less than 200 people. The City of Bellingham
serves approximately 80,000 people (both the
Middle Fork and Lake Whatcom source locations
are shown in Figure 9.

400328

g
‘ Bertrand Creek Irrigation Water Rights
Certificates and Permits
‘ Water Source [ Bertrand Drainage
I surface Water Section Lines
- Groundwater Maijor Tributaries

N Nooksack River

A 0 02505 1 Mies L
[N

Map Prepared by HydroLogic Services Co 2013
[290212 Sources: UsGs, BERIOTANA. AND. SoulAIOR, DeLorme, USGY, NPS

390210 o02m

Figure 8. Proportion of source water for irrigation water
rights, analyzed during Bertrand CIDMP (Greenberg 2004).

Table 4. Public Water Systems by source type.

ype of Source Group A Group B
Groundwater 152 210
Surface water 14 5
Intertie — supplied
by other PW‘;p 18 >
TOTAL 184 220
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Public water system data from WA Dept of Health
(2013 data), Whatcom County Dept. of Health
(2000 data), WRIA 1 Project Water Rights Mapping
of source locations and service areas (2003) were
compared and summarized in this project. Of the
184 Group A water systems, source locations and
service areas for 64 need to identified and digitized;
some may be found in the 2013 data from
Dept. of Health
quarter/quarter section), but the exact location is

Washington (nearest

unknown.

Figures in Chapter 3 show the number of sources
summarized by section for residential and non-
residential for public water systems.

Table 5. Public water system data gaps for various
points of withdrawal.

Number of
Public Water Systems

Points of Withdrawal A

Whatcom County Health,
Point of Diversion (PPO)
WA DOH POD by

30
Township/Range/Section
Water Right

149
Place of Use
Parcels served by
public water systems 64

(service areas)

Group Group

B

65

33

177

65

Total

129

63

326

129

s | g 1 P 10

y d L
g " [

12 N
i i r =
3 Source Data: wns&luh;mmm Heal”

! 2 g
£u5 LISGS ESAI TAMR AND

Legend

Population
| 1- 160
161 - 795
706 - 2255
] | 2256 - 6255
1] 6256 - 11951
I 50,000 Bemngham

Map Prepared by
HydroLogic Sanvices Co_, 2013
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4.4 Recommendations to narrow the data gap for water sources

4.4.1. Irrigation

4

Develop a set of maps displaying locations of
parcel boundaries, well logs and background
information including aerial photography and
public land survey system.

Print each section on one page and print a large
map of selected area, e.g., Bertrand WID or
NLWID, etc.

Two people from the entity undertaking the
effort should meet with farmer representatives,
one of whom can take notes.

Meet with representative farmers of a “district”
showing each section and have them identify by
parcel: source of supply, location of point of
withdrawal, type of crops irrigated, irrigation
application (drip, sprinkler, big gun, etc.).
Request water use data for berry processing
from farmers.

Digitize data collected and confirm irrigated
areas using a digital layer of aerial photograph:s.
Reconcile discrepancies with well logs, if

possible, and water right points of

diversion/withdrawal.

4.4.2. Dairy Farms

»

Using data from Figure 4, determine public
water systems nearby dairies.

Contact the selected public water associations
above to identify whether they supply water to
the dairies identified.

Obtain monthly amounts of water delivered to
dairies.

If not supplied by public water system, identify
well logs associated with each dairy to
determine source.

Identify water right associated with dairy.
Determine source of supply from water right, if
available.

4

4.4.3. Public Water Systems

In future modeling efforts, the City of
Ferndale’s water supply should be changed to
100% from groundwater. For calibration prior
to December 2011, the supply will have to
remain as surface water but scenario model
runs should take into account the change to
groundwater for adequately describing the
water budget and/or streamflow impacts.
Request service area databases and geospatial
files from the Washington State Dept. of Health
and Whatcom County Health Department, if
available.

Obtain and reconcile all data sources to ensure
accuracy: Whatcom County Department of
Health, Washington State Dept. of Health,
WRIA 1 Water Rights CD, and Ecology’s well
log database.

As part of the Coordinated Water System Plan
Update for Whatcom County, meet with
officials from each public water system to
obtain points of withdrawals, any water use
data available, service areas (all parcels served)
for all public water systems.

Digitize service areas and source locations.

As part of or subsequent to the Whatcom
County Coordinated Water System Plan
Update, develop the model inputs required to
more adequately represent the public water
associations in Topnet-WM. Data required in
Topnet-WM include amount of withdrawal,
point of diversion, drainage in which water is
used, source of supply, return flow amounts
and locations for each public water system.
required by MODFLOW
groundwater model includes pumping rates

Water use data

from water supply wells.
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5.0 Recommendations

Data collection and model recommendations are
presented as multiple steps from short-term to long-
term based on the data gaps that emerged from this
study, including the anticipated model applications
derived from WRIA 1 Staff Team input. Model
recommendations were developed in part from input
obtained from modeling experts familiar with WRIA 1
and/or integrated models available and applied in
other watersheds.

Section 5.1 addresses the types of data that are
needed to populate and calibrate a groundwater
model. Section 5.2 addresses the types of models
available, the efficiency of integrating a groundwater
with Topnet-WM, and a path forward that appears to
be the most cost effective and timely approach to
obtaining a modeling tool to assist decision makers in
resolving ground and surface water resource issues in
WRIA 1.

Currently, a numerical groundwater model for the
entire extent of WRIA 1 does not exist. However,
models have been developed for the region by Simon
Fraser University (SFU, see Allen, Chesnaux, and
Simpson references) which includes the northern
part of the Lynden Management Area (MODFLOW)
and to the Nooksack River and west to the Lummi
Peninsula (FEFLOW). Washington State University
(WSU) expanded the SFU MODFLOW Model (See
Barber and Pruneda references) for the aquifers
underlying the Bertrand and Fishtrap Creek drainages
with additional improvements to MODFLOW and
response functions derived from MODFLOW results
were integrated into a visualize display of impact
zones from groundwater pumping using different
software. This tool was accessible for the non-expert
to visualize data and model results.

Generally, there are two approaches to develop
integrated model functions appropriate for WRIA 1.

» Integrate models tailored to WRIA 1 with model
code based on open source platforms; or

» Use a commercially available integrated model
with proprietary components that are serviced
and maintained by a provider.

While the latter approach is less customized,
ongoing support and maintenance is available.
Customizing a product specific to WRIA 1 requires
substantial resources to maintain and support.

Chapter 4 provides examples of integrated ground
and surface water model data requirements,
methods for integrating models using existing WRIA 1
Topnet-WM with a groundwater model, and data
collection needed to address key scale and function
questions in WRIA 1. Chapters 1, 2, and 3 in the full
report provide a summary of potential uses of the
data (i.e., aquifer characteristics, groundwater
recharge/discharge areas, water supply sources and
locations, and surface/groundwater interactions).

The model approach selected also requires the
WRIA 1 Joint Board Staff Team to develop a clear
path forward to address the length of time a model
needs to be supported, the organization that will
support it: update the data inputs, operate the
model, and produce readily accessible information.
Developing a vision to address these factors is both
critical and cost effective in the long run.

Options for groundwater modeling and integration
with surface water modeling are further reviewed in
Chapter 4.
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5.1 Data gap highlights

In this project, a broad range of datasets were
reviewed as part of the compilation and
recommendation  process. These technical
recommendations are not an exhaustive list and
were prepared using an iterative process, collecting
feedback conducted throughout the technical

review of draft and final work.

Data gaps were identified by maps in Chapter 2
which show the number of studies in the various
drainages throughout WRIA 1. An example can be
found in Figure 10 which shows little to no data in
most of WRIA 1 for transmissivity, as an example
subsurface property that controls groundwater

While there are sufficient data to build a coarse
scale regional model for WRIA 1, insufficient data
are available for any high resolution model
functions. Therefore, recommendations include
collecting more site specific data that can be used
to populate and calibrate a groundwater model or

the groundwater portion of an integrated model.

It is possible that some questions can be
answered using a regional model (coarse scale).
The ability to calibrate a model using the existing
data will provide information on how well we
understand the aquifers at the present time.

For details on water supply gaps and next

movement. steps, the reader is referred to Section 4.4, page 14.
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Figure 10. WRIA 1 Locations with aquifer transmissivity data.
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5.2 Modeling recommendations

Much of the WRIA 1 below the confluence of the
Nooksack River Forks is a groundwater-driven water
resource system. Groundwater is plentiful and it is
the dominant water source for uses in this area.
Thus, a ground water model is required to fully
address key locations in WRIA 1 where management
issues of concern are present, including locations
where ground water and surface water interactions
need to be better understood.

At the present time, WRIA 1 has a surface water
model with a water management module,
Topnet-WM, developed in the early 2000s by Utah
State University. Application of the Topnet-WM
model in 2012 produced generalized drainage scale
results not intended to address sub-drainage or site
specific questions. Consequently, the WRIA 1 Joint
Board Staff Team requested information on the
process to integrate Topnet-WM with a groundwater
model.

As part of the GW Assessment, several discussions
were initiated with technical experts familiar with
integrated ground and surface water modeling, some
of whom were familiar with the WRIA 1 landscape
and available datasets and technical tools. Many
different models were considered, however, only a
few options emerged as likely scenarios, with one
offering  apparent cost and time saving
recommendations for WRIA 1 Joint Board

consideration.

Integrating Topnet-WM with model code of an
existing groundwater model is complex and time
consuming, with uncertain outcomes. This is not a
recommended approach for WRIA 1. Topnet-WM is
a research model without ongoing support for the
code. Technology changes quickly, which is why we
recommend that any model used in the future have
the support of a commercial, professional or
university organization to maintain and support
continuous improvement of the code base.
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In discussions with technical experts, we found that
a groundwater model for a significant portion of the
lower section of WRIA 1 does exist at a regional scale
(Figure 11). The FEFLOW groundwater model
developed at Simon Fraser University (SFU) covers
part of Whatcom County from the International
Border to the Nooksack River and west to the Lummi
Peninsula. Facilitating and supporting collaborative
modeling and data collections with the developers
may be in the long-term best interest of WRIA 1. This
approach offers both cost effective and time
efficiency advantages.
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Figure 11. FE Flow groundwater model extent and
calibration results (Simpson, 2012).

FEFLOW is a sophisticated groundwater model
considered to be the best known for simulating
subsurface transient flow. This regional model could
be used to establish boundary conditions for smaller
scale local models in WRIA 1. We recommend
exploring data and model sharing opportunities by
promoting an agreement process facilitated by
members of the Abbotsford Sumas International Task
Force. This approach would rely on collaboration
with Simon Fraser University as well as the Danish
Hydrologic Institute (DHI) to further develop the
existing modeling system, but may prove to be the
most cost effective alternative.

Figure 11, sections A-D show where more data
may be required to improve the FEFLOW regional
model calibration.



Existing U.S. data that were not included in
previous FEFLOW work (completed in 2005) could be
added to refine the calibration in the WRIA 1 portion.
To address site, sub-drainage, or drainage scale
issues, additional data collection will be necessary to
develop higher resolution sub-models useful for sub-
drainage applications.

Collaborative work on a regional groundwater
model for WRIA 1 could include the following tasks:

» Extend the SFU FEFLOW model domain to add
the mountains and Nooksack River drainages
not currently included,

» Use existing surface water and water
management model inputs and
parameterizations to populate the MIKE suite
of model components one of which is a rainfall
runoff model similar to Topnet,

» Use coupled MIKE11-FEFLOW regional model to
identify areas of concern, and

» Perform a local or sub-drainage scale case study
by adapting a sub-model of the regional scale
integrated surface-groundwater model.

The recommendations outlined in Chapter 4 are
categorized into the following time frames each of
two year durations:

»  Short-term (1 — 3 year)

»  Mid-term (3-6 years)

»  Post Mid-term (5 to 8 years)
»  Long-term (10 to 20 years)

Within each time frame are general tasks as follows:

»  Conceptual Model Development
»  Data Collection
»  Numerical Model Development

»  Local Use and Applications
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Specific recommendations focus on defining
dataset, model and geographic areas of concern and
prioritizing data collection efforts for each of those.
Data collection should include establishing and
operating surface and groundwater data collection
network in each focus area. Add instrumentation to
selected wells at various distances from creek and
distances along creek with continuous data recorders
(minimum two per priority drainage (five selected
drainages) and 12 at intensive 1-2 sites study area).
And, conduct seepage runs with 5-15 streamflow
measurements in tributaries near selected locations.

Concurrent with data collection, the model inputs
and appropriate parameters can be reconfigured to
use as inputs into the MIKE suite of integrated
models (MIKE-SHE+MIKE 11+FEFLOW), including all
of the water management components. Review of
the FE Flow calibration, addition of local inputs, and
an initial calibration of the integrated model can be
concurrent. Refinements to model calibration may
occur as new data become available to populate the
model. This is an example of the types of step-by-
step recommendations included in Chapter 4,
multiple options are presented for comparison.
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1.0 OVERVIEW

Significant sources of groundwater are present in glacial outwash and non-glacial alluvial aquifers located
beneath the western upland areas and in sediments adjacent to the Nooksack and Sumas Rivers and their
tributaries in Water Resources Inventory Area (WRIA) 1. Some of these aquifers are relatively shallow,
regionally extensive and fairly well known, such as the Sumas-Blaine Aquifer. While others, such as the
Deer Creek and Lummi Peninsula Aquifers, are generally deeper in nature and more localized rather than
regional in extent. The purpose of this chapter, Understanding of WRIA 1 Aquifers, is to present a general
overview of the current understanding of groundwater quantity in the primary surficial and deep aquifers
located in WRIA 1 based on the available technical studies and other relevant information. A complete
listing of the available WRIA 1 groundwater data resources has been compiled and organized into the WRIA
1 Groundwater Bibliography (see Digital Appendix to this report).

Several overviews of the available data regarding groundwater systems in WRIA 1 have been completed in
the past by others, including the Washington State Department of Conservation (1960), Tooley and Erickson
(1996), the Cascade Environmental Services/Water Resources Consulting Team (Greenberg et al. 1996), the
United State Geological Survey (Cox and Kahle 1999), the Nooksack Basin Ground-Water Quantity Study
Nooksack Basin Ground Water Quantity Study Group (2000), Utah State University (Kemblowski et al. 2001)
and Washington State University (Pruneda 2007, Barber and Wu 2008). Many of these important studies,
as well as other resources, are summarized in this chapter.

This chapter is focused on groundwater quantity only; compiling and assessing groundwater quality data
sources is beyond the scope of this project. There are several productive groundwater sources located in
WRIA 1 that are significantly limited for use due to natural and/or anthropogenic contamination (Cox and
Kahle 1999). For example elevated concentrations of naturally occurring arsenic and
natural/anthropogenic elevated concentrations of chloride in relatively shallow groundwater beneath the
lower Lummi River drainage and the Lummi Peninsula has resulted in significantly restrictions on the
potable and non-potable use of groundwater in this area (Aspect, 2003). Likewise, elevated concentrations
of anthropogenic nitrate and ethylene dibromide (EDB) in the Sumas-Blaine Aquifer have limited the
potable use of groundwater in the vicinity of Lynden (Mitchell and Babcock 2000).

2.0 WRIA 1 PHYSIOGRAPHIC SETTING

WRIA 1 is located in the northwest corner of Washington State and is generally bounded by the Strait of
Georgia to the west, British Columbia to the north, the Cascade Range to the east, and the Skagit River
Basin to the south (Figure 1). The primary rivers in WRIA 1 are the Nooksack River which flows west from
the Cascade Range to Bellingham Bay and the Sumas River, which begins in the north-central lowlands and
flows north into British Columbia, eventually discharging into the Fraser River. The Sumas River drainage is
approximately 65 square miles in size and includes much of the area located immediately to the south, west
and east of City of Sumas (Figure 1).
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Figure 1. WRIA 1 Aggregated watersheds (Whatcom County PDS, 2011).
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The Nooksack River watershed has a total drainage area of approximately 826 square miles with roughly
49 square miles located in Canada. The mainstem of the Nooksack River is formed by the convergence of
the South Fork Nooksack River, which drains roughly 183 square miles, the Middle Fork Nooksack River,
which drains approximately 102 square miles, and the North Fork Nooksack River, which has a drainage
area of approximately 281 square miles. The North and Middle Forks Nooksack River drainages include the
north, west and southwest glaciated slopes of Mt. Baker (10,777 feet) and Mt. Shuksan (9,131 feet).

There are likely several hundred drainages and sub-drainages located in WRIA 1. As part of the WRIA 1
Watershed Management Project, 177 individual surface water drainages were delineated in WRIA 1. To
simplify watershed characterization, Whatcom County combined the drainages into logical groups based on
hydrology and/or socio-economics to form 19 Management Areas (Public Utility District No. 1 of Whatcom
County, 2002). Each Management Area is comprised of one or more individual drainages, as described in
Table 1 and shown on Figure 1. These Areas are further divided into those that drain to the Fraser River
(Fraser), those that drain to the Nooksack River (Nooksack) and those that discharge directly to the coast
(Coastal). For example, the Fishtrap drainage is located within the Lynden North Management Area which
drains to the Nooksack River, while the North Fork Dakota drainage is located within the Drayton Harbor
Management Area which includes individual drainages that drain directly to the coast (Table 1, Table 2, and
Table 3; Figure 1).

The 2010 State of Watershed Report prepared for WRIA 1 (Whatcom County Planning and Development
Services 2011) combined 17 of the 19 Management Areas into seven “aggregate” watersheds (Coastal
North, Coastal South, Coastal West, Lower Nooksack, Lake Whatcom, Sumas, and Nooksack Forks) based on
“groupings of watersheds in close proximity of each other.” The State of the Watershed Report aggregate
watersheds boundaries are shown on Figure 1, the 19 management areas are shown in Figure 2. Their
aggregated watershed relationship to the various management areas and regional drainage patterns is
further described in Table 1, Table 2, and Table 3.

3.0 GENERAL REGIONAL GEOLOGIC SETTING

The surficial geology of WRIA 1 is described on several geologic maps, including those completed by the
United States Geological Survey (Newcomb et al. 1949), the Washington State Department of Conservation
(1960), Easterbrook (1976), Halstead (1986), (Lapen 2000), and Earth Tech (Canada) Inc. (2001). In a
general sense WRIA 1 can be divided into two relatively different regional geologic settings. The eastern,
central and southern portions of the WRIA consist of a complex mixture of sedimentary, metamorphic and
igneous bedrock (Tooley and Erickson 1996). While the west and northwest portions of the WRIA are
generally characterized by several hundred feet of Quaternary glacial and non-glacial sediments overlying a
relatively thick sequence of sedimentary bedrock. As discussed in later sections of this report, the primary
(i.e., most significant aquifers) are located in the west and northwestern portion of the WRIA, within the
Quaternary sediments. The Quaternary sediments were deposited during several glacial and non-glacial
intervals that occurred repeatedly during the past roughly 2 million years. A brief discussion of the
Quaternary glacial/non-glacial sediments thought to potentially be present in WRIA 1, from oldest to
youngest, is presented below. The stratigraphic relationship of these geologic units is shown on Table 4
and Table 5.
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3.1 Older Undifferentiated Glacial and Non-Glacial Sediments

For the purposes of this report, we have referred to all glacial and non-glacial sediments older than
approximately 60,000 years before present (ybp) as older undifferentiated glacial and non-glacial sediments
(Table 4 and Table 5). This fairly thick sequence of older sediments likely includes marine sediments, glacial
deposits of the Double Bluff and Possession glacial events, non-glacial Whidbey Formation sediments, and
older glacial/non-glacial sediments.

The older glacial and non-glacial sediments have been encountered at depths generally greater than 300 to
400 feet below the ground surface near the City of Blaine. Where encountered the older sediments appear
to generally consist of a relatively thick sequence of fine to medium grained sand with silty sand and silt
interbeds and rare lenses of gravel. The currently identified deep regional aquifer in WRIA 1 appears to be
located within more permeable sections of these older geologic units.

3.2 Olympia Non-Glacial Sediments

The Olympia non-glacial sediments generally consist of thick deposits of organic silts, clays, silty sands, and
fluvial sands and gravels. These sediments are interpreted to have been deposited in a meandering river
environment. Beneath the Boundary and Mountain View Upland areas, the upper portion of the Olympia
sediments appear to consist of relatively permeable sand and silty sand with some lenses of gravel and silt,
while the lower Olympia sediments appear to consist of a relatively thick sequence of low permeability silt,
silty sand with lenses of fine sand (AESI, 2008; Aspect, 2003 and 2009). In this area the upper permeable
sequence of Olympia non-glacial sediments can contain locally extensive but discontinuous aquifers.
The Olympia non-glacial sediments have a variable thickness but where encountered they appear to be
regionally extensive and are generally thicker than 100 feet.

3.3 Vashon Glacial Sediments

Approximately 20,000 ybp climatic cooling triggered the growth of the Cordilleran Ice Sheet in British
Columbia. The Puget lobe of the ice sheet flowed south through Whatcom County and reached its
maximum southern extent near Olympia approximately 14,000 to 15,000 ybp. This glacial advance is
referred to as the Vashon Stade. At the maximum Vashon Stade extent, the Puget lobe of the Cordilleran
Ice Sheet is interpreted to have reached a thickness of about 4,000 to 5,000 feet near Bellingham and
roughly 3,000 feet near Seattle, Washington.

The oldest Vashon sediments in WRIA 1 are outwash sands and gravels that were deposited in high-energy
glaciofluvial environments (meltwater streams) that formed in front of the advancing Vashon glacier.
The Vashon outwash deposits consist predominantly of highly permeable sand and gravel with various
amounts of silt. The Vashon advance outwash deposits are commonly referred to as Esperance Sand in the
King and Snohomish Counties and locally as the Mountain View Sand and Gravel in Whatcom County.
Discontinuous aquifers appear to be present within the Vashon outwash sediments in WRIA 1.

As the Vashon glacier advanced through Whatcom County, the outwash sediments were overrun and
overconsolidated by the approximately 4,000 to 5,000 feet of ice. Lodgement till was deposited at the base
of, and subsequently overrun by, the advancing Vashon ice sheet. As a result, this material was glacially
consolidated into a dense condition. The Vashon lodgement till generally consists of a complex mixture of
low permeability sand, gravel, and silt and generally is not considered an aquifer unit.
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3.4 Everson Non-Glacial Sediments

Roughly 13,000 to 14,000 ybp, the Cordilleran Ice Sheet began to melt and retreat to the north. This period
of glacial ice retreat is referred to as the Everson Interstade. Shortly after the removal of the ice sheet from
the Strait of Juan de Fuca, much of the retreating glacial ice in Skagit, Island, and Whatcom counties floated
on the influx of marine waters (Easterbrook 1963, 1992). As the ice floated and/or retreated, it deposited a
thick layer of glaciomarine drift over much of Whatcom County. These sediments include the Kulshan
(glaciomarine), Deming (fluvial) and Bellingham (glaciomarine) members and are thought to be equivalent
to the Fort Langley sediments in southern British Columbia (Kovanen and Slaymaker 2003).
The glaciomarine drift is generally non-water bearing, has a very low permeability and is typically an
unsorted mixture of blue-gray silt and clay with some lenses of sand and gravel. The Deming member
generally consists of a sand with some gravel and silt. The Deming member can form localized aquifers.

3.5 Sumas Glacial Sediments

The Sumas Glacial sediments consist primarily of outwash sand and gravel and some lodgement till. Much
of the Sumas, Lynden North, and Drayton Harbor drainages (Figure 2) are covered at the ground surface by
glacial outwash deposited by high-energy meltwater streams during the most recent advance/retreat of the
Sumas ice sheet. The Sumas outwash is generally less than 100 feet thick and consists of loose, moderately
to well sorted sand and gravel with some silt (Lapen 2000). The Sumas outwash is the primary geologic unit
within which the Sumas-Blaine Aquifer is located.

Sumas lodgement till is typically found at or near the ground surface in the immediate vicinity of the City of
Sumas and is described as a dense unit consisting of gravel and sand with some silt and clay. Sumas till
generally has a low permeability and does not contain significant aquifers.

3.6 Recent Non-Glacial Sediments

The recent non-glacial sediments include organic peat, alluvial fan and landslide deposits, volcanic mudflow
(lahar), and recent fluvial alluvium. The composition of the recent non-glacial sediments is highly variable
and can range for highly permeable sand and gravel to low permeability lacustrine silt and clay.
The permeable layers of these sediments can form significant aquifers while the lacustrine sediments can
form confining units such as in the Sumas River valley

4.0 PRIMARY AQUIFERS

For discussion purposes, various previous authors have divided the primary aquifers located in WRIA 1 into
three general classifications referred to as the Sumas-Blaine Aquifer, Discontinuous Surficial Aquifers, and
Upper Valley Aquifers. For the purposes of this review, we have expanded this existing aquifer
classification system to include Deep Regional Aquifers and Bedrock Aquifers. We have also renamed the
Discontinuous Surficial Aquifers classification as simply Discontinuous Aquifers to include deeper
discontinuous water-bearing sediments. The following is a brief discussion of each aquifer classification.
The approximate geographic locations of the aquifers are shown on Figure 3. The aquifer locations shown
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Figure 3. WRIA 1 Primary aquifers.
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on Figure 3 are based on specific published information and/or were inferred from the available
information reviewed for this project. The locations shown should be considered non-exact and
approximate.

4.1 Sumas-Blaine Aquifer

The Sumas-Blaine Aquifer is likely the most productive and widely used aquifer in WRIA 1. The aquifer is a
common source of irrigation, single-family domestic, and municipal water in the northwestern portion of
the WRIA. The aquifer is primarily comprised of Sumas-age glacial outwash and more recent
Nooksack/Sumas River alluvium. The Sumas-Blaine Aquifer is commonly referred to as the Abbotsford
Aquifer in Canada and is referred to as the Sumas-Abbotsford, Abbotsford-Sumas, and Sumas Aquifer in
other various reports and technical papers. One of the most comprehensive regional overviews of the
Sumas-Blaine Aquifer is presented in the United States Geological Survey (USGS) Water-Resources
Investigations Report (98-4195) more commonly referred to as the Lynden-Everson-Nooksack-Sumas (LENS
)study (Cox and Kahle 1999). Much of the information and data presented in the LENS study are used in
later drainage specific and regional studies completed in WRIA 1.

The Sumas-Blaine Aquifer generally underlies the flat glacial outwash plain between the towns of Sumas,
Blaine, Ferndale, Everson and the Nooksack River and occupies about 150 square miles (Tooley and
Erickson 1996). The aquifer is quite variable in thickness but generally ranges from around 25 feet thick
near Blaine to almost 100 feet thick north of Lynden. The aquifer is recharged primarily by the direct
infiltration of precipitation and possibly by interflow from other aquifers that underlie surrounding upland
areas. The aquifer is generally unconfined in nature except in portions of the Sumas Valley where it is
overlain by recent lacustrine silt and clay, and/or ice-contact deposits (Cox and Kahle 1999).

Groundwater in the aquifer can be at or near the ground surface in the wet winter and spring months and is
generally at depths below the ground surface of less than 10 feet throughout the remainder of the year.
Exceptions occur near Sumas where the depth-to-water exceeds 50 feet and the eastern margin of the
aquifer where depths exceed 25 feet (Tooley and Erickson, 1996). All depths presented here are relative to
ground surface unless otherwise noted.

Regionally groundwater in the Sumas-Blaine Aquifer tends to flow towards the Nooksack and Sumas Rivers
and more locally towards the smaller tributary streams, indicating a relatively high degree of hydraulic
connectivity or continuity between the aquifer and surface water. A hydrograph of water levels in a well
located in the upper reaches of Bertrand Creek drainage that is completed in the Sumas-Blaine Aquifer is
shown on Figure 4. The hydrograph shows the effects of summer irrigation and indicates that the Sumas-
Blaine Aquifer typically experiences roughly 5 feet of seasonal fluctuations in the upper portion of the
Bertrand Creek Drainage.
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Figure 4. Shallow groundwater elevation time series data. Bertrand Creek Subbasin- Well BAE 184. T41N, R2E,
Section 36. Ground surface elevation approximately 140 feet.

Cox and Kahle (1999) reported that the hydraulic conductivity (K) of the Sumas-Blaine Aquifer typically
ranges between 7 and 7,800 feet per day (ft/d) and the groundwater flow velocity ranges from less than
1.0 ft/d to over 30 ft/d. Culhane (1993) indicated that the transmissivity (T) of the Sumas-Blaine Aquifer
generally ranges between approximately 100 to 30,000 feet squared per day (ft*/d).

Several detailed studies of various drainages that are located within the surficial Sumas-Blaine Aquifer have
been completed in the past (see Digital Appendix to this report). For example, Scibek (2005) developed a
regional steady-state MODFLOW numerical groundwater flow model of the “Abbotsford-Sumas Aquifer” to
identify the potential impacts of climate change on groundwater resources in southern British Columbia
and northwestern Whatcom County. The model is regional in scale and contains insufficient localized data
to be useful for addressing many of the more significant water resources issues in WRIA 1. Barber and Wu
(2008) later refined and modified the Scibek (2005) regional MODFLOW model to include drainage specific
aquifer and streambed conductance data for the Bertrand and Fishtrap drainages in order to use the model
to make reasonable evaluations of the potential impacts related to moving surface water diversions to
groundwater withdrawals.

Our review of the information compiled for WRIA 1 indicates that a significant volume of groundwater
related information is available for the Sumas-Blaine Aquifer including specific information regarding
aquifer parameters (hydraulic conductivity, transmissivity, and storage), surface/ground water interaction
potential, and groundwater level monitoring data.

4.2 Discontinuous Aquifers

There are numerous discontinuous aquifers located in WRIA 1, most of which are located in the western
half of Whatcom County. Tooley and Erickson (1996) indicate that the surficial discontinuous aquifers
consist of a variety of geologic deposits including beach (modern and remnant), glaciofluvial terrace
deposits, modern alluvial and floodplain deposits, isolated outwash terraces, and marine terrace deposits.
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They also indicate that the hydraulic properties of these surficial aquifers are highly variable over short
vertical and horizontal distances and that most of these units are not major sources of groundwater. The
surficial discontinuous aquifers are typically unconfined in nature, are recharged by the direct infiltration of
precipitation and primarily discharge to shallow wells and nearby streams. Groundwater flow direction in
these aquifers generally follows the surface topography. Our review of the information compiled for
WRIA 1 indicates that there is little available groundwater related information for the surficial
discontinuous aquifers. The data are generally limited to information presented on regional geologic maps
and on water well reports for wells completed in the aquifers.

Surficial and/or Deeper (non-surficial) discontinuous aquifers have been identified beneath the Mountain
View Upland west of Ferndale, the Boundary Upland just east of Blaine, the Tenmile Management Area
(Deer Creek Aquifer), the Lummi Peninsula, and the Birch Point Upland southwest of Blaine. It is also
possible that non-surficial discontinuous aquifers are locally present in the Squalicum, Lake Whatcom, and
Upper Mainstem Nooksack Management Areas based on the area geologic setting and isolated water well
report data. The identified deeper discontinuous aquifers appear to be located in Everson-age to Olympia-
age deposits consisting of sand with some gravel and silt. The aquifers appear to be generally confined to
semi-confined conditions and are typically less than 250 feet in depth. Recharge to these aquifers is
primarily from infiltrating precipitation and the vertical migration of groundwater from overlying surficial
aquifers where present. A brief overview of four of the better understood discontinuous aquifers located in
WRIA 1, is presented in the following sections.

4.2.1 Mountain View Upland

Aspect Consulting (2009) indicates that surficial and deeper discontinuous aquifers are located beneath the
Mountain View Upland to the west of Ferndale. The surficial discontinuous aquifers are found on top of or
in fine-grained units such as Everson glaciomarine drift. Newcomb et al. (1949) report that wells completed
in these relatively shallow discontinuous aquifers tend to go dry during summer months. Aspect concluded
that the shallow discontinuous aquifers located on the Mountain View Upland appear to be very localized
and generally produce only small volumes of water (Aspect Consulting 2009). Our review of the
information compiled for WRIA 1 indicates that there is a minor amount of available groundwater related
information for the near surface discontinuous aquifers located on the Mountain View Upland. The data
are generally limited to information presented on regional geologic maps, regional geologic/hydrogeologic
reports, and on water well reports for wells completed in the aquifers.

Aspect Consulting (2009) also identified a non-surficial discontinuous aquifer located beneath the Mountain
View Upland. The aquifer is described as permeable (primarily sand and gravel) Vashon and pre-Vashon
sediments and although classified as “discontinuous” for the purposes of this report, the aquifer appears to
be locally extensive beneath the upland area. Completion elevations of the wells in the discontinuous
aquifer located beneath the Mountain View Upland typically range from about 50 feet above mean sea
level to about 200 feet below mean sea level. All elevations presented are relative to mean sea level unless
otherwise noted.

The aquifer appears to be generally semi-confined to confined with a potentiometric surface that ranges
from near sea level to an elevation of roughly 100-feet. The groundwater flow direction in the
discontinuous aquifer identified by Aspect generally flows to the south and/or southwest beneath the
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southern portion of the Mountain View Upland. A hydrograph of a well that is completed within the
discontinuous aquifer hydrograph indicates that the discontinuous aquifer located beneath the Mountain
View Upland experiences roughly 300 feet of seasonal fluctuation. Our review of the available information
indicates that a significant volume of groundwater related information is available for the non-surficial
Mountain View Upland discontinuous aquifer including specific information regarding aquifer parameters
(hydraulic conductivity, transmissivity, and storage), groundwater flow direction, and groundwater level
monitoring data.

4.2.2 Boundary Upland

The City of Blaine operates several high-capacity production wells compl