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Definitions

Land Suface

An Aquitard is a less permeable
geologic formation. Aquitards can
pass water, but at alower rate than an

Aquifer

Sea Level

Saline
Sea Water



Salt Water Intrusion: the invasion of
fresh surface or ground water by salt

water. If the salt water comes from the
ocean it's called sea water intrusion.
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Darcy’s Law for
Flow Through Porous Media

-

_ _KAD
Q=-KA!

Where:

A = Cross-Sectional Area

h = Pressure Differential

L = Length

K = Hydraulic Conductivity

AreaA

Column



Darcy’'s Law
and Hydraulic Conductivity

Darcy’s Law

_ kAR
Q=-KA

Hydraulic Conductivity (K) of

a geologic formation depends
on a number of factors including:

s Grain Size (coarser is better)
» Grain Shape (smooth is better)

» Grain Size Distribution (well sorted is better)

 Porosity (more is better)

Hydraulic Conductivity has dimensions of
length per unit time such as Centimeters per
Second or Feet per Day.
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Dewatering and S
Lateral Intrusion A

¢
Well 2
Well 1 \ /

Dewatered Aquifer

Saline
Sea Water
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Geologic History — Island County Washington
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Island Couinty

Water Resouice Management Effiorts

1979-83 USGS Water Resource Study
1982 EPA Sole Source Aquifer Designation
1985 Critical Water Supply Service Area
1989 DOH /1CHD Saltwater Intrusion Policy
1990 Coordinated Water System Plan
1990 MOU —Island County / DOE — Water Resource Planning,
Management and Permitting
1990 |CC 13.03A Water System & Fireflow Requirements
1990 |CC 8.09 POTABLE WATER SOURCE AND
SUPPLY
1991 Groundwater Management Plan
1995 Nitrate Study
1996 |sland County Hydrogeol ogist
1997-2003 USGS Recharge Study
2001-2006 HB-2514 Watershed Planning (Phases |, I, 111 and 1V)
2005 |CC 8.09.97 Critical Aquifer Recharge Area (CARA) Protection
2005 |CC 8.09.99 Seaweter Intrusion Protection




Washington State Department of Health
|sland County Health Department el
Salt Water Intrusion Policy (Adopted 1989)

Based on Chloride Concentration in Wells
Created “Risk Zones”

Risk Category Chloride (mqg/L)
LOW < 100

Medium 100-200
High > 200
Utilized a 1/2 Mile Radius Around “ Impacted” Wells

Applied to Expansion / Development of Public Water Systems
Applied to Subdivision of Land Through Anti-Degradation

Modified in 2002 to Apply to Individual Wells on Parcels Less
than 1.5Acresin Size




Group, Oregon
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Adapted from PRISM Climate

State University
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2015 Drought

Average Monthly Precipitation (in)

Island County Hydrogeology Database
Everett - Previous 12 Months and Average Monthly Precipitation Accumulation

Jan (2015)

Feb (2015)

Mar (2015)
Apr (2015)
May (2015)
Jun (2015)
Jul 2015) ¢
Aug (2014)
Sep (2014)
Oct (2014)
Nov (2014)
Dec (2014)

—o—Average Precipitation (month)

< Actual Precipitation (month / year)

ta from http://www.wrcc.dri.edu/cgi-bin/cliMAIN.pI?EVERETT, 452675




« Other Sources of Chloride (

- Transient Response of Inteffge

Lack of Confidence

Very Hard Groundwater
Septic Systems

Connate (Old) Waters
Windblown Sea Spray
Irrigation Recharge

Well Disinfection——_* | & - 2

Proposals are Evaluated Based Primarily ¢
Tests, Potential for Intrusion i t (héc
Lateral Intrusion May Take)
Equilibrium Position
LLack of Prediction

|s Intrusion Looming Just Around the Corner?



Well Construction
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Well Construction

Process

 Advancethe casing

until a suitable aquifer
IS penetrated.

 Place awell screen
within the casing,
adjacent to the aquifer.

« Pull the casing back, to
expose the well screen
to the aquifer formation.




Well Construction

Drill Rigs

o Two typesof drill rigs
are typically used for
drilling small domestic

supply wellsin our
area

1. Cable Tool
2. Alr Rotary
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Well Construction

Cable Tool
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i o Well Construction
pump off (T Additional Componentsg
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ata Sources

Groundwater Chemical
Analysis .

Analytical/Environmental Services

s'v. ~ Ll '.I‘.
Department of Ecolagy l\ I WATEB WELL REPORT

Second Copy - Owners Copy STATE OF WASHINGTON

File Oniginal with

Thira Gopy - Dnller's Copy Water Rig! ‘onsulting, Inc (360)757-1400 - FAX (360)757-1402
igton, WA 98233
(1) OwNEer: Neme John Daoe Address
() LOCATION OF WELL: Coumty /S LAND NW Reference: 950583
(2a) STREET ADDRESS OF WELL: (or nsarsat address) Fi Project: Goodhue-Nims Water System
taxparceLno. _ -2 332 93-10a -3810 RMATION FOR INORGANIC CHEMICAL ANALYSIS
W omm e Xom Lo e oo Ansiye TRear | UNTS | SRL | Compies
Z DeWator the knd and nay|
&) TYPE OF WORK:  Owners number of well (i mora than ono)__ 7. ane antey lor o mony Sb_10.006 =0.005 mg/l. 0.005 Yes
New W Maetnod: ni
» ::W g L oo ra nic As 10.050 <0.01 mg/L 0.01 Yes
3 pooonditoned » CE Lt um Ba |2.00 <0.1 mg/l |01 Yes
(5) DIMENSIONS: Diamater of well _ta . inches flliurn Be |0.004 <0,002 mg/L 0.002 Yes
lo(a L -
Drved e Dopnocoriena vt 1o L mium cd [0.005 <0.002 mg/.__|0.002 Yes
{6} CONSTRUCTION DETAILS -
‘&:m-uun P S i/ ymium Cr_|0.10 <0.01 mg/l 1001 Yes
Clnarsmos T pambon —___t © per Cu_J1.3* <0.02 mglL[0.02 Yes
Fe {0.30 6.25 mg/L 0.05 No
Perforations: OYes Mu 1 Pb ]0.015* 0.008 mg/L 0.002 Yes
Type of perforalor usad
SIZE of by in ganese Mn_10.050 0.15 mg/L  [0.01 No
trom . * sury Hg 0.0020 |  <0.0005 mg/L  [0.0005 Yes
Screens: ﬁ(aa ONo CKPaclocsion . JOO el Ni  [0.10 <0.04 mg/l. 0.04 Yes
ry::ulacmrer's Na/m:’ € coK . e re— nium Se_]0.050 0.012 mg/L 0.005 Yes
Diam. __g SotSize ._f2— wom_tle/ o léel fr. 3 Ag 10.050 <0.010 mg/L 0.01 Yes
Diam. Slot Sze from. o .
um Na 14.0 mgil (1.0
GravalFiiter packed: | Yes Mz L Size of gravatsand
Malerial placed from___ Mo x llum Tl |0.002 <0.001 mg/t  [0.001 Yes
Surface seal: o Towntdent? _J 24— . Zn_|[5.00 2.78 mg/L__ ]0.05 Yes
e ness 28| mceo 10
.1}::;:; ;a:r:w — Dot of swata sific Conductance (700 495 us 10 Yes
@ PUMP: s Neme idity 1.0 0.9 NTU 0.1 Yes
e e r 15 >5 cu_|s Yes
® ;::LEL LeveLs: youcace flm'{nf_-m;;;-;mml —Z&m g | work staned ride Cl |250 <20 mgil |20 Yes
T s — ride cN lo.20 <0.10 mgl __[0.10 Yes
{Cap, valve, etc.} WELL CONSTI -
ride F 120 <0.5 mg/L 0.5 Yes
{9) WELLTESTS: Drawdown ls amounl watar level is lowered bekow sfatk level 1 constructsd
Was 8 pump ost made? I¥es SANo ltyes.bywhomr | Comancos te-N NO3-N|10.0 12 mg/l (0.5 Yes
Yield: gal/mnwth ___ fdawdownalter____ hes.
Yiold: . ____gal/min, with . drawdown after hee. | Type or Prnt e-N No2-N[1.0 <0.5 mg/L 0.5 Yes
Yield- galiminwth 1. drawdown after __hrs.
RI:cowy oata (ime Lakon 85 2870 pumg lurned off) (waler lovel measured from Tanes Name ite S04 1250 31 mg/L 10 Yes
i level] "
?;r\lﬂwp ° w.'w”a(::tl]wo\ Time Water Leval Tima Water Lavel Drllting Comy ‘ Di ssOIVed SOilds 500 NA mg"‘ 1 Su
(Signsd) bratory Comments:
i ]
Bailer test gal/min. wilh, #. drawdown atter. hrs. "
Artost u:IJ::: in . crawdionn afer e, | RewstationN
Artesian fiow gpm. Dale { _
Temporature of water Was 3 chomical analysis mads? T~ Yoa M(No ratory Supervisor: Date of Report:
Ecalogy is an € A .
accommodation needs, contact tha Water Rasources Program at (360) 407- ok 4/20/95
ECY 050-1:20 (11/98) 6600. The TDD number is {360) 407-6006. MCL - Maximum Contamination Leval. Federal Aaambn\:: 0.095 mg/L for Lead and 1.3 mpAL for Copper
[SRL - Specified Reporting Limi; NA - Not Analyzed; < - Tess than"

| T A Y| B T

i o y -
i ;A $ e — : -
- _9 : L S -




Data Storage and Analysis

Microsoft Access Databases
Graphical Analysis Tools

OLE Link to Mapping, Geo-Statistics
and Groundwater Flow Modeling

Electronic Data Transmission



PROGRAMS

Programs - Department of Natural Resources - Water Resources Advisory Committee -
Water Resource Management Plan

WATER RESOURCE MANAGEMENT PLAN

Washington State Department of Ecology funded Island County to develcp a Water Resource
Management Plan, which was adopted by the Board of Island County Commissioners on June
20, 2005. A series of Topic Papers were drafted by the Island County Water Resource Advisory
Committee. These Topic Papers were the basis of the Water Resource Management Plan, and
can be found in Appendix F or Table B below.

After completion of the Water Resource Management Plan, Washington State Department of
Ecology funded Island County to develop the Water Resource Detailed Implementation Plan.
This working document was approved by the Water Resource Advisory Committee in
December of 2006, and outlines specific watershed related projects.

Table A - Water Resource Management Plan

Cover Page BICC Resolution Table of Contents
Acknowledgements Water Resource Plan CARA Map
Appendix A Appendix B Appendix C
Appendix D Appendix E Appendix F
Appendix G Appendix H Appendix |
Appendix J Appendix K Appendix L

Table B - Topic Papers

Seawater Intrusion Groundwater Recharge VWater Rights
Streamflow and Aguatic Water System

Exempt Wels Habitat Coordination

Water Supply Aiternatives Rainwater Catchment Conservation

Data Collection and
Management

Education and Outreach




WRAC Topic Paper Topiics

Conservation
Arsenic
Education and Outreach

Data Collection and
Management

Water Rights

Water Supply
Alternatives

Rainwater Catchment
Exempt Wells

Streamflows and Aquatic
Habitat

Water System
Coordination

Seawater |ntrusion

Groundwater Recharge




Groundwater Recharge

. Quanti Y. Maintaining adequate
ogroundwater recharge rates through decreasing
the impacts of surface modifications

. Qual ItY. Managing surface contaminants to
reduce the risk of percolation down into
groundwater supplies



Groundwater Recharge / Quantity

Human activities can significantly reduce recharge rates.
Percolation rates can be maintained/encouraged through
using Low Impact Development (I.LID) methods such as:
- Limiting the surface area of hard/impervious paved surfaces

. Managing roof runoff and minimizing roof size, where possible

- Retaining surface water runott in cisterns or other catchments
. Keeping native vegetation on-site, minimize grading / compaction

These LID methods can mitigate the effects of hard/
impervious surfaces, allowing retained or collected rainwater

to percolate into the ground on-site instead of running off
to Puget Sound



Groundwater Recharge/ Quality

Road Runoff

. Septic Systems

. Agriculture (Nutrients and Chemicals
Residential Lawn Chemicals

. —SeawaterHatrusion—

Some aquifers have higher susceptibility to
surficial contamination than others.



Soil Percolation Rate
From Island County Soil Survey

Percolation Rate Score

B o (very Slow <0.06"/hr)

[ 1(Skw to Moderate Slow 0.06-0.6"/hr)
[ 2 Moderate to Moderate Rapid 0.6-6"/hr)
I 3 Rapid 1o Very Rapid >6"/hr)




Surficial Geology
Susceptibility Rating

Surficial Geology Score
B o (< 0.0000001 em/sec)
[ 1 110,0000001 To 0.0001 crisec)
[ 2(0.0001 To 1 cmfsec)

- 3 (> 1 cm/sec)
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Depth to Water
Susceptibility Rating

Depth to Water Rating
B o 50)

[ 1 (2550)

I 2(1025)
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Groundwater Recharge Rate Maps
From USGS DPM

Recharge Score
I © (0.00- 1.00 i)
0 1.(1.01-3.00inym)
[ 2(3.01-9.00iniyr)
B : oinn

0 125 25 5




Combined
CARA Scoring -

Aquifer Susceptibility
I Lo susceptibilty
| Moderate Susceptibility

B High Susceptibility

CARA Score

Low

Total Area (Square Miles) 33 141 32
Area (%of Total) 16% B7% 15%

MNumber of Wells with NO3 Data 485G 2064 568
Average NO3 (mgh) 0.57 101 135

Percent of Wells where MaxNO3> 1mg/l 13 27 36
Percent of Wells where MaxNO3 >S5 mgiNO3 36 54 47
Percent of Wells where MaxNO3 >10 mgliNO3 0% {22

0 125 25 5 75 1%“'“
[ == =m  ———

R L




Seawater Intrusion

Other Sources of Chloride (False DOSi_tives)

- Very Hard Groundwater

. Connate (Old) Waters ] & A2

- Windblown Sea Spray ’

- Irrigation Recharge * 2 f,
- WEell Disinfection T B e ey

Transient Response of Interface (Fal se Negatlves)

- Latera Intrusion May Take Years to Establish a New
Equilibrium Position

Lack of Prediction
Lack of Confidence
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Water Level Elevation and
Seawyater IIntrusion

Adequate aguifer pressure (above sealevel) can
prevent seawater intrusion

Water level eevation can be used to assess risk

for intrusion =
The Ghyben Herzberg

tool, n}é’latlon

Create a screening / flagging
evaluation of any given proj

Additional data collection/ ar
evaluate specific projects

Saline Groundwater




Phase il Assessiment

Data Collected from Nearly 400 WeIIs/ 2

ner Mile?

Depth to Water M easurements

e

T T

Computerized Data Loggers

Water Sample — L aboratory

Major lon Analysis

Conductivity

ion:

60 10 20 0 20
Milliequivalents Per Liter

. Survey Grade GPSto Determine - .
Measuring Point Elevations %




Low Water Level Elevation

Near Shorelines
_ow WLE Clustered -

~alse Negatives

High WLE / ConfidS
Confidence?

Water Level Elevations Pumping

and False Interface Well
Dn\\m
Sca Level I\ _
Puget I
Sound Freshwater
& "

False "
Interface |

0
© Medium High s
O Medium (4 to 6)
© Low(lw4d)
@ Verv Low (< 1)
Feet Above Mean Tide"
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Scale n Miles



Water Level Elevations
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Water Level Elevations

Sea Level

Water Level Elevations
and False Interface

Pumping

—1Well

Puget
Sound

Freshwater




|sland County
Revised Seawater Intrusion
Risk Rating

Risk Category Water Level Elevation 1 Chloride Concentration 2
Low Greater than 8.4 @w

Medium Less than or Equal to 8.4 Less than 100

High Less than or Equal to 8.4 Between 100 and 250
Very High Less than or Equal to 8.4 Greater than 250

1\Water Level Elevation in feet above Mean Sea Level (NAVD 88).
2Chloride Concentration in Milligrams per Liter

Continue Use of 2 Mile Radius Circles Around
Both Low-WLE and Elevated Chloride Wells



False Positives

False
Negatives

ituitive?

-

B WLE Data Available

[] No WLE Data Legend

.Very High Risk

(OHigh Risk
()Medium Risk
.Low Risk (Previously Medium or High

Low Risk

Map generated ntilizing data from January 2005




Application to Land Use Proposals
!

A,

Risk Category Land Subdivision New or Expanding PWS Individual Wells
Low 7 none none none
Medium More than 6 Lots More than 6 Connections none
High All More than 1 Connection < 1.5 acres
Very High All All < D acres

| Water Level
Sampling Seawater Intrusion Review Elevations
April and August Projects Identified Above will Any Potentially
Chloride and Collect and Analyze Data to Regulated Project
Conductivity Determine 1f Project will Other than Individual
Sampling from all Negatively Impact Aquifer (Cause Wells will Provide
PWS with More than Intrusion). Data Collection and Water Level
Two Connections, 1n Analysis can be Phased to Provide Elevation Data
Medium or Higher Early Evaluation
Risk Areas




Codified

|.C.C. Chapter 8.09.099
Potable Water Source and Supply
Modified to Include New
Seawater Intrusion Protection Strategy

Effective June 21, 2005



LIDAR

LIDAR (L Ight Distance And Ranging) is arelatively
new technology that employs an airborne scanning
laser rangefinder to produce accurate topographic
surveys of unparalleled detail.

10-meter DEM from contours 12-ft DEM from LIDAR






Island County Hydrogeolo...

&= DOE Logs ] DOE Employees IC Rec Docs &( IC { I ICEH { | Parcel Search # Search | Island County ... Recorder | | CompPlan ! SMARTGov | |
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Web News Shopping Maps Images More - Search tools

About 36,400 results (0.51 seconds)

Hydrogeology - Island County Health
www.islandcountyeh.org/page/32 ~

Welcome to the Hydrogeology program in Island County, Washington. The
Hydrogeology program works to understand the complex groundwater system that __.

IC Groundwater Background References - Island County ...
www.islandcountyeh.org/Page/262 ~

Programs - Hydrogeology - IC Groundwater Background References ... Preliminary
Survey of Ground-Water Resources for Island County, Washington ...

Island County Hydrogeology: Your Groundwater
beachwatchers.net/sw/2015/?q=page.cl. 1665 ~

In this course, you will gain a basic understanding of groundwater science (
hydrogeology). You will learn about the genesis and function of our aquifers and ...

Island County Hydrogeology Database Well 3D4 - Chloride ...
www.islandcounty net/.../Hydrogeology/TrendReports%5C3... Island County ~
34.39 44 49 54 59.64. 1994. 1996. 1998. 2000. 2002. 2004. 2006. 2008. 2010.
2012.Chlorid e. (m g. /). Island County Hydrogeology Database. Well 3D4 ...

Island County Hydrogeology Database Well 8N9 - Nitrate ...
www.islandcounty net/.../Hydrogeology/TrendReports%5C8... Island County ~
-1.-08 -06 04 -020 0204 06 08 11990 1992 1994 1996. 1998. 2000.
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Contact Information

Douglas J. Kelly L.G., L.HG
Island County Environmental Health
(360) 679-7885
From Camano: 629-4522
D.Kédly@co.island.wa.us



