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Objectives for tonight’s talk:

• Big picture understanding 
of BI’s groundwater

• What sustainability 
means and what 
environmental tradeoffs 
are involved

• Why a GWMP is a good 
idea for BI

As an EPA-
designated 
Sole Source 
Aquifer, BI 
has no 
other 
reasonable 
source of 
freshwater



Talk Outline

• Groundwater in General and Under Bainbridge Island

• Model Results and Water Budget Analysis

• Groundwater Sustainability

• Groundwater Monitoring and Management Plan for Bainbridge Island

• Suggested Reading Material

• Questions?



What is Groundwater?
• Groundwater is water that exists underground in saturated zones beneath the land surface. 

The upper surface of the saturated zone is called the water table. Contrary to popular belief, 
groundwater does not form underground rivers. It fills the pores and fractures in 
underground materials such as sand, gravel, and other rock, much the same way that water 
fills a sponge. If groundwater flows naturally out of rock materials or if it can be removed by 
pumping (in useful amounts), the rock materials are called aquifers. Groundwater moves 
slowly from higher to lower water levels, typically at rates of 3 to 25 inches per day in an 
aquifer. As a result, water could remain in an aquifer for hundreds or thousands of years.

• Aquifers are separated by layers of soil or rock 
called confining layers.

• Groundwater quantity is estimated by 
measuring water levels. Water levels vary 
seasonally due to rainfall and pumping, so 
measurements at the same time each year will 
give the best information on changes in the 
amount of groundwater on an annual basis.



Seawater Intrusion
• Seawater can potentially be drawn into 

near-shoreline wells if groundwater is 
overpumped

• COBI checks for potential seawater 
intrusion by monitoring chloride as a 
surrogate for seawater in near-shoreline 
wells (Cl<10 mg/L is normal; Cl>100 
indicates seawater intrusion; seawater 
has Cl of 15,000)

• Historically, seawater intrusion has not 
been a pervasive problem, but as an 
island this issue is always of concern

• Freshwater lens on top of seawater due 
to density differences; for every 1’ of GW 
above sea level, GW extends 40’ below 
sea level (Ghyben-Herzberg principle)



Groundwater under Bainbridge Island
• 4 principal aquifers – perched (water table at elevation 0 to 300 ft), sea level (-200 to +200 ft), 

glaciomarine (-500 to -300 ft), and Fletcher Bay (-900 to -600 ft)
• 97% of usage (pumped 

well water) from the 
perched, sea level, and 
Fletcher Bay aquifers

• All recharge water for 
the aquifers originates 
on the island, except 
for about 5% that 
flows under Port 
Orchard Bay from the 
Kitsap Peninsula to the 
sea level, 
glaciomarine, and 
Fletcher Bay aquifers





Model Results and Water 
Budget Analysis



USGS Modflow Model
• 800’ x 800’ cell grid size
• 139 columns by 197 rows
• 33 layers from land surface to bedrock
• Inputs – monthly precip, soils, SW features, 

streamflow, wells and monthly pumping, 
measured monthly water levels

• Outputs – simulated monthly water levels
• Calibration – matching simulated water levels to 

measured water levels; adjust inputs until 
optimized match

• Presence (yellow cells) or absence (red cells) of 
Vashon till in the surface layer

• Cells bordering surface waters (streams, 
coastline) are specified “drains” (flows from GW 
to SW)(blue cells)



Sea-
Level 
Aquifer

Deep 
(Fletcher 
Bay) 
Aquifer



Model Limitations

Types of model errors:
• Input data on types and thicknesses of hydrogeologic units, 

water levels, and hydraulic properties
• Representation of physical processes by the model algorithms
• Parameter estimation during calibration procedure
Most appropriate uses of the model:
• Regional-scale analyses
• Changes in model results instead of specific results (i.e., 

changes over time; changes between “what-if” scenarios)

“All models are wrong, but some are useful” --- George Box, Statistician, 1976



Water Budget Analysis

Inflows – Outflows = Change in Storage

• Inflows: recharge from precipitation (85-90%); recharge from septic 
systems (5-10%); off-island aquifer flow to BI from Kitsap Peninsula (5%)

• Outflows: pumping (5-10%); discharge to BI surface waters (50-60%); 
discharge to Puget Sound (30-40%)

• Change in Storage: reflected in (calculated from) change in water levels



SIMULATED WATER BUDGETS FOR 4 PRINCIPAL AQUIFERS (IN TAF/YR)
(Recharge; GW Flow; Wells; to SW; to Puget Sound; from Kitsap)
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USGS findings from Kitsap model

• Changes in recharge (95% of inputs) has a much greater impact on 
groundwater levels and discharge to surface waters than changes in 
pumping (only 7% of outputs).

• Modeling runs with a 15% decrease in annual recharge resulted in a 16-
18% decrease in GW discharge to surface waters

• Modeling runs with an 80% decrease in summer pumping (for outdoor 
use) resulted in only a 0.5% increase in GW discharge to surface waters



Aspect findings in “Carrying Capacity Assessment” for COBI (4/19/23)

Aspect made three simultaneous changes to the MODFLOW 
groundwater model for Bainbridge Island: (1) increased GW pumping by 
50%, (2) reduced recharge by 20%, and (3) increased sea level by 4 
feet. After running a 100-year simulation, Aspect found the following 
changes in the water budget:

• 15 to 58% decrease in groundwater discharge to surface waters in BI’s 
12 watersheds

• 20% decrease in groundwater discharge to Puget Sound

• 32.3 billion gallons reduction in aquifer storage



Groundwater Sustainability



Some Definitions of Groundwater Sustainability
• USGS Circular 1186: “Sustainability of Groundwater Resources” by Alley and 

others, 1999

“development and use of groundwater in a manner that can be maintained for an 
indefinite time without causing unacceptable environmental, economic, or social 
consequences”

• California 2014 Sustainable Groundwater Management Act

“sustainable groundwater management is the management and use of groundwater 
in a manner that can be maintained without causing undesirable results”

(e.g., chronic lowering of groundwater levels; significant and unreasonable seawater 
intrusion; surface water depletions that have significant and unreasonable adverse 
impacts on beneficial uses)



• Changing from safe yield to sustainability has increased concerns about 
the long-term effects of groundwater development on lakes, wetlands, 
springs, and estuaries

• Sustainable development encourages integrated water management 
approaches such as artificial recharge, conjunctive use of surface water 
and groundwater, and use of recycled or reclaimed water

• It is widely recognized that pumping can affect not only surface water 
supply for human consumption, but also the maintenance of streamflow 
requirements for fish and other aquatic species, the health of riparian and 
wetland areas, and other environmental needs

Dr. Bill Alley
2012 – Present: Director of 
Science and Technology, NGWA
1993-2011: Chief of Office of 
Groundwater, USGS



NY Times, 
August 28, 2023

AGU Eos, January 2020Groundwater Sustainability in the News



Groundwater Monitoring and 
Management Plan for Bainbridge 

Island



IMPORTANCE OF 
MONITORING

• Changes in water levels 
over the long-term provide 
an indication of potential 
issues (water availability, 
seawater intrusion)

• Continue the water-level 
and water-quality 
monitoring by COBI and 
KPUD

• Expand the monitoring to 
include more near-shoreline 
wells

• Monitor water levels in Fall 
(lowest) and Spring 
(highest)



A Cool Way to Present a 
Large Dataset on Changes 
in Groundwater Levels in 
an Understandable Form



What is in a GWMP?

• WAC 173-100-100 (1985) (“Groundwater management areas and programs”) 
recommends the following six sections be included in a GWMP:

- Section 1. Area Characterization

- Section 2. Problem Definition

- Section 3. Water Quantity and Quality Goals and Objectives

- Section 4. Alternatives

- Section 5. Recommendations

- Section 6. Implementation



Section 5. Recommendations
• Management strategies from Section 4 that are recommended for implementation

• Possible recommendations include:

- expand GW and SW monitoring program

- create aquifer conservation zones

- develop a water conservation program

- develop a program to incentivize and facilitate the reuse of stormwater and 
grey water

- improve wastewater treatment to tertiary and recharge GW with effluent 
instead of discharging to Puget Sound

- develop a community-wide education program on aquifers of BI



Suggested Reading Material







Fact Sheet 
available 
on COBI 
website:

Engage 
Bainbridge
/Groundw
ater/Supp
orting 
Docs



Questions?
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