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Ann Soule, LHg 
Sequim Public Works 

Presenter
Presentation Notes
Thank you…  I was very pleased to be invited to present at the Science Café – big fan even if I don’t make it very often.  When I started imagining what to present I settled on this theme “Where Water is Wealth” – shown on this pic of the “Royalty Carriage” for the Irrigation Festival - this quote is attributed to the first days of irrigation when irrigation water resulted in a financial boom for farmers and made the town of Sequim possible.  But I think it still applies today with a broader interpretation and that’s what I want to present to you. 



SEF Science Café MENU  
for January 2015 

Starters 
– Geology & hydrogeology 

Salads 
– Surface water—ground water 

interaction 
– Historical water management 

Pastas 
– Groundwater age 
– Groundwater recharge 
– Water quantity / Water supply 

Entrees 
– Groundwater quality 
– Contemporary water 

management 
Dessert 

– Where water is wealth… the 
rest of the story 

Presenter
Presentation Notes
Hoping for an informal presentation that encourages discussion!  Picked a format to allow you to focus on what you want to hear.  A menu!  These entries are hyperlinks; to get back to this click on “Menu” at the end of each section. However, I put some basics here as “Starters” and then would like to follow that with something all moms insist on – Salad!  So you can think about what you want for your main course while I get started.  



Geology & hydrogeology 





Sequim-Dungeness 





Unconfined and confined aquifers  

 
 
 
 

USGS WSP 2220 

Presenter
Presentation Notes
GW moves through pores and fractures, not in underground rivers



Hydrogeologic x-section 

Simonds and Sinclair 2002 

Presenter
Presentation Notes
“Layer cake” hydrogeology.  Note the very deep well into bedrock – this is on Graveyard Spit.  The well furthest north is the Lighthouse well. 



E.g., USCG Lighthouse well 



Menu 

Soil groups 

Thomas, et al 1999 

Presenter
Presentation Notes
So that’s how our glacial history affects exactly what we have for soils – farming, recharge – mentioned later.  



Surface water—ground 
water interaction 



How ground and surface  
water interact 

Gaining Stream 
 
 
 

Losing Stream  

USGS C1139 



              
How groundwater withdrawal 

affects the system 

USGS C1139 



3-D groundwater flow in the 
Dungeness Watershed 

Simonds and Sinclair 2002 



Groundwater flow direction  

Simonds and Sinclair 2002 



Connection between aquifers 

PGG 2009 



Dungeness River annual hydrograph 

Simonds and 
Sinclair 2002 

Presenter
Presentation Notes
Snowmelt-type watershed – note high, consistent flow in spring-summer, from melting snowfields and glaciers.  



Menu 

Presenter
Presentation Notes
Very crude but still works.  Shows that groundwater and surface water resources are highly related.  



Historical water 
management 
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Presenter
Presentation Notes
Now we have the historical context after European settlers arrived:  this map shows a few farms and roads from March 1859 – 155 years ago.  Very sparse map.  Highlighting water features – wet areas and streams with modern names called out.  Now here are the modern roads for orientation. Remember this was drawn in spring time and yet no water is indicated in this area – says “Sequim Prairie” here. 



Bell 
Creek 
mouth 

Current 
Bell Creek 
Channel 
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Presenter
Presentation Notes
1914 (100 years ago), 55 years after the last map and a lot more detail.  Streams and wetlands from the last map overlayed. Drainage ditches built, irrigation ditches built.  (note that Highland system NOT yet built – covers this area)Fast forward to present-day – roads, and see that current Bell Creek channel aligns with ditches.  
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Presenter
Presentation Notes
So that was how water was managed during the western settlement era – lots of it getting moved all over – and many of those ditches still function to move water: irrigation water from the River in summer, and stormwater in winter.  This aerial photo is from 2011 with creeks, wetlands and irrigation ditches (blue dashes and dots – note Highland system all through here).  Add roads to orient you again, and modern-day Bell Creek connecting the two historical “ends.”  Even now most of this middle reach does not flow except during storms or if irrigation water from Highland ditch is sent down the channel.  



Menu 

Presenter
Presentation Notes
Over the years irrigation system has grown and shrunk, evolved to what we have today – some ditches piped, some lined, some open.  Some private companies, some like a utility district (colored shading).  And water purveyors for household and municipal use have established themselves.  (Hatch marks)



Groundwater age 



Paleochannels of the Dungeness 

Collins 2005 

Elwha River mouth, 2013, 
showing alluvial sediment transport 

Last glaciation was 
about 13,000 yrs. ago 



Age-dating groundwater 

Menu 

• Mixing is indicated, since both “new” water (post-WWII) 
and ancient water were identified 
• Tritium presence indicates a fraction is post-WWII 
• Carbon-14 data indicates average age could be 1500-

2000 yrs. old 
(Samples taken April 2008) 
 
PGG 2009 

Presenter
Presentation Notes
In any case, it has cycled through several times likely since the ice sheet disappeared.  



Groundwater recharge 



Natural Recharge 

Presenter
Presentation Notes
Note reaches that lose and reaches that gain. 



Artificial Recharge 

Irrigation ditches (leaking 
intentionally or not) 

Man-made 
ponds, used for 

storage of 
irrigation water, 

or stormwater 
runoff 

Stormwater infiltration facilities 

Presenter
Presentation Notes
Irrigation leakage, intentional and not.  



Artificial Recharge, con’t 

Perforated pipe gallery to 
test reclaimed water 
infiltration 

Septic 
systems 

Aquifer Storage & 
Recovery (ASR) 

Presenter
Presentation Notes
Irrigation leakage, intentional and not.  



Carlsborg 
Pilot Aquifer 

Recharge 
Test      

(2007-08) 

Menu 



Water quantity /  
Water supply 



Groundwater Budget 

Thomas et al 1999 

IN: OUT: 

• Average annual, for the study period (Dec. 1995 through 
Sept. 1997), which was wetter than the long-term average 

• A reduction in recharge would lead to reduced storage and 
natural discharge, such as to streams 

Presenter
Presentation Notes
Well withdrawals:  about 50:50 Group As and all others in terms of volume pumped (1.7 MGD each)



Decreasing irrigation diversions 



Groundwater level trends 



Precipitation / snowpack trends 

Presenter
Presentation Notes
Climate changes anticipated: more intense storms, less snowpack, not a large difference in volume of precip but form.  Click on red box to link to ONP glaciers page with interactive photos.Warmer temps mean more ET and more development can mean more runoff. Both cause recharge to be less… 

http://www.nps.gov/olym/naturescience/glaciers.htm


Surface water trends 

Menu 
PGG 2009 

Presenter
Presentation Notes
More recent (red) trace shows lower height and volume in summers, and more and higher winter flows.  We will need to adapt. 



Groundwater quality 



Clallam County-defined Critical Aquifer 
Recharge Areas (CARAs) 

Clallam 
County 
2009 



Nitrate trends in groundwater 



Menu 

County nitrate and stormwater studies 
(2011) 

Tested for some stormwater 
contaminants in shallow, vulnerable 
wells (none found) 

Presenter
Presentation Notes
Regarding groundwater, we know from several studies of private domestic wells (some within the City) that there are above-background levels of nitrates in the shallow aquifer.  Red marks indicate nitrate levels above 5 ppm; background is <1.  City outline is purple.  Nitrates are a public health concern and can affect infants and those with compromised immune systems. City wells are deep as I mentioned; annual tests show background levels only.  Nitrates are like the “canary in the coal mine” and indicate when other “highly mobile” contaminants might be present.  Most stormwater contaminants are NOT mobile. …“Other mobile contaminants” such as Freon…



Contemporary water 
management 



21st Century Issues  

Presenter
Presentation Notes
From the Chamber of Commerce perspective, we seem to have a Love-hate thing with rain – we deny its existence (“sunny Sequim”) but praise the flowing streams and ditches we’re lucky to have all summer.  



Tools, laws, cooperation 

Presenter
Presentation Notes
History of collaborative management and face to face meeting between locals, and negotiation… over a long period of time (actually three phases, since early 1990s). Current water conflicts because current issues (flows for fish, water for people moving here) are like the square peg being forced into the round hole of 70-100 year old water laws.  But, advancing the technology may be simpler than advancing new water laws.  E.g., storage, recharge. 



Strategy 

Menu 

Presenter
Presentation Notes
The City will continue to provide infrastructure and services – which includes water rights – within the City limits, and plan for the UGA as well.  Our upcoming stormwater master plan will utilize stormwater as a resource (note flyer/handout), and we are always looking for ways to utilize reclaimed water from our Class A WRF.  



Water is wealth 

Menu 

Presenter
Presentation Notes
Given what we all gain in all areas of our lives living here on the Sequim Prairie – from our precious water resources, and increasing value of every drop that falls from the sky – water is and always will be wealth, and we are very fortunate indeed!  



For more information: 

Ann Soule, Public Works, 615 N. 5th Ave. 
360-582-2436 
asoule@sequimwa.gov 
 

On the web: 
http://www.sequimwa.gov/index.aspx?nid=646  
 

Interpretive Center, 500 N. Blake Ave. 
Hours: Wed. 8-10am, Thurs. 12-2pm 

Presenter
Presentation Notes
Mention sign up sheet for volunteer monitoring, or other jobs later in the project.  

mailto:asoule@sequimwa.gov
http://www.sequimwa.gov/index.aspx?nid=646
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