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Under natural
conditions,
groundwater
moves from
areas of
recharge to
areas of ,
discharge at aturited oness s ves

Land
surface

Sur face water
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Aquitard -- saturated
geologic material with
low permeability; well
yields low; also called
“confining layer”

Unconsolidated

“ rock ® *=sediment aquifers —

High-yield

. . fractured
Confined Aquifer -- rock
E i Low-yield U
5 [ . - fractured
I8 Aquifers yield water via wells “Tock

aquifer


https://www.cgenarchive.org/bowen-island-underground.html

Unsaturated zone

Surface-water body

Water table

Transpiration
by vegetation

g g g Unsaturated zone

Water table
Water table v & /
\)\y Unconfined aquifer

Confined aquifer

EXPLANATION

High hydraulic-conductivity aquifer

Low hydraulic-conductivity confining unit

Very low hydraulic-conductivity bedrock EXPLANATION

t L L

Direction of ground-water flow |:| High hydraulic-conductivity aquifer (‘D Local ground-water subsystem
@ Subregional ground-water subsystem

- Low hydraulic-conductivity confining unit
Regional ground-water subsystem

I:l Very low hydraulic-conductivity bedrock
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ierce County Geology
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Groundwater — Surface Water Relationships
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Spokane River losing Reach between . . .
Post Falls and Greenacres (Barker Road) Spokane River is a losing reach...
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Figure 10. Seepage gains and losses measured during the seepage runs in August 1598 (A), September 1398 { B, and

September 2012 (C], South Fork Nooksack River Basin, northwestern Washington.
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Figure 9. Soepage reaches (A-R) during seepage runs in August and Septermber 1998 and Septembar 2012, South Fork Mooksack River Basin, northwestarn Washington.




Baseflow: component of streamflow derived from groundwater
inflow or discharge.

A GAINING STREAM

Flow diraction

Baseflow is important
for both water quantity




Comparison of Estimated Monthly Mean Baseflow, Mean Surface
Runoff, and Mean Streamflow
Station 12047300
Morse Creek Near Port Angeles, Wa.

1000

Note: vertical
axis presented
in log scale
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Percent of February Streamflow Supplied by Groundwater

Baseflow
maintains
summer
streamflow
throughout most




Percent of August Streamflow Supplied by Groundwater

In Washington
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Water Table Aouifer

Upper Confining Bedl

Arteman Aguifer

http://www.dennisalbert.com/AAADrilling/Aquafier.htm

o

When well is drilled into a
confined aquifer and water
level rises above the
confining unit, the well is
referred as an artesian well.
If water flows out of well at
land surface it is referred to
as artesian flowing well.



Pumping a well forms a cone of depression
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Pumping groundwater from a well
(conservation of mass) always causes...

(1) decline in groundwater level (head) at and
near the well, and

(2) 0
t
d

iversion to the pumping well of groundwater
nat was moving slowly to its natural, possibly

istant, area of discharge.



Groundwater pumping can generally deplete streamflow in two ways:

e Groundwater capture - interception of groundwater flow that is tributary
to a stream. This effect usually continues after pumping ends.

e Induced streambed infiltration - groundwater pumping pulling surface
water from a stream toward a well.

Recharge Area

Land Surface -
ater Table &l Stream

Recharge Area \
Land Surface :’_ﬁ -—-vK
Water Table Stream — | p —

Unconfined Aquifer

Recharge Area

Unconfined Aquifer o

Land Surface

Water Table Stream

Discharge (D) = Recharge (R)

Unconfined Aguifer

(c861) yrea Wwoid

Induced Streambed Infiltration



Groundwater Velocities are Generally Low

 Groundwater movement normally occurs as slow seepage
through pore spaces in unconsolidated earth or networks of
fractures and solution openings in consolidated rocks.

* A velocity of 1 foot per day or more is a high rate of movement,
and velocities can be as low as 1 foot per year or decade.

* By contrast streamflow velocities generally are measured in
feet per second. A velocity of 1 foot per second equals about 16
miles per day.



Groundwater travel time is not an indication of the speed at which pumping
effects propagate
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FIGURE 15 - GREEN RIVER NEAR AUBURN (USGS GAGE 12113000)
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WRIA 14 Hydrogeology




Some Significant WRIA 14 Hydrogeology Studies

2005 WRIA 14/Kennedy-Goldsborough Watershed Phase Il Hydrogeologic Investigation
For WRIA 14 Planning Unit by Northwest Land & Water, Inc.

2011 USGS hydrogeologic framework of the Johns Creek subbasin and vicinity (SIR 2011-5169)
Initial investigation, but there have been more detailed analyses since.

2015 Johns Creek/Goldsborough Creek & vicinity groundwater modeling
Conducted by Golder Associates on behalf of Ecology, and Keta Waters on behalf of Squaxin
Island Tribe.

On-going USGS Mason County Hydrogeologic Characterization

Over 2-year period groundwater-levels monitored at ~60 wells and synoptic stream baseflow
measurements collected at 20 locations. Data collection largely complete and information
now being integrated into hydrogeologic characterization report.




WRIA 14’s geology is
composed of thick
sequence of
unconsolidated
Quaternary glacial
and interglacial
deposits overlying
Tertiary igneous and

EXPLANATION
Hydrogeologic Unit

[= ] Auluvial Aquifer
EI Upper Aquifer
EI Upper Confining unit
Middle Aquifer
III Lower Confining unit
III Lowrer Aquifer

- Undifferentiated Deposits

-~ ZH-
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Tahle 1.

Hydrogeologic units defined in this study and correlation with geologic and hydrogealogic units defined by previous investigations.

Geologic units Geologic units in Hydrogeologic units
Period | Epoch 'I"""". "“d‘.“'"““h :m“'; Lithology in Logan Schasse and others (2003); in Northwest Land
" (2003} Palenz and others (2070} and Water (2005
AA — Alluvial Aquifer Giravel, sand, and silt; clay and peat Ca, 'Op, QF Qafm), "Oaf]
Holocene | recent alluvial deposits a Wmw, "Ols, O, O, Oh, Mot delineated
af, ml

LA - Upper Aquifer Sand and gravel; lenses of clay, silt, Qgd, Qgic, Qgog, Qpo, Qgos,

recessional outwash deposits and fine sand Qgo, Qapo, Qpd Ogik, Oge, '"Omw, Qgol, Linit A

"o, 'Chal, 'Op

LIC = Upper Confiming unit Unzorted and compacted clay, silt, sand,

glacial ull deposiis and gravel; lenses of sand and gravel Ot Chet, Qeta, "Op, Ceal, Cml Units B and C

MA = Middle Aquifer
advance outwash deposiis

Sand, gravel, and silt; occasional
lensesolclay

Chza

Qga, Qpo, Qpelo), 'Qgik 'Qgol,
'Quw, 'CQls, Qapd

LC - Lower Confining unit

glaciolacustrine and interg lacial

sediments

Clay and silt; some till; occasional
peat and wood

Qpuiop), Opf, ' Qgik, 'Qls

LA — Lower Aquifer

outwash, till, and glaciolacusirine

deposits

Sand and gravel, silt and clay; some till

LD — Undifferentinted Deposits
undifferentiated glacial and
interglacial sedimenis

Alternating layers of ¢lay and silt,
sand and gravel

OQpgo, Opg, Opd, Opt

J‘;}“

Tertiary Eocene

Br — Bedrock
igneous and sedimentary rocks

Voleanie and sedimentary rock

Ewic)

“Evic)

! Thin { less than 10 feet) and {or) discontinuous geologic wnits (Polenz and others, 2000) in association with aquifer and confining hydrogeologic units at land surface.
? Geologic wnits delineated only in Schasse and others (2003); no equivalent geologic units delineated in Polenz and others (2010
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Temperature Data

e Forward Looking Infrared
(FLIR) temperature study
was conducted for the
Squaxin Island Tribe

(Watershed Sciences, 2004).

e Stream temperatures
measured from helicopter
flying along length of the
Johns Creek thalweg.

e Abrupt temperature drops
occurred at spring locations
where groundwater
discharges upward through
creek bed.

30.0 1

250 4 Canyon Wetland

Reach Reach

|
|| Side ‘"\"

N Springs Channel

Qakland Bay

Temperature (degrees C)

— Unmapped
Springs Spring
Unnamed
Tributary
10.0
50
Downgradient Upgradient
00 1 I 1 I 1 1 1 1 1 1
0.0 0.5 1.0 15 20 25 30 35 40 45 50 5.5 6.0
Creek Mile
—&— Stream Temperature, FLIR Data 8/19/03 Figure 6-1.

® Location of Input o Johns Creek Johns Creek Temperature Profile

Modified from data provided to NLW by Squaxin [sfand Tribe.

WRIA 14 Phase 2 Hydrogeologic Investigation
Data collected for and reported to Squaxin Island Tribe by Watershed Sciences, LLC,

Grants G0300042 and G0000107
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Flow (cfs} normal scale

2500

2000

1500

USGS 12076800 GOLDSBOROUGH CREEK ABOVE 7TH STREET AT SHELTON,

WA
Flow exceedance Probability Hydrograph
Period of Record: 2005 - 2018

0% exceedance
0% exceedance
0% exceedance
e \inimum Flows

— surface water diversion closure period ————»

Note: Technically IRPP line in plot should be
slightly curved in places to reflect
logarithmic ramping between fixed points




2015 Johns
Creek/Goldsborough
Creek & vicinity
groundwater modeling
study conducted by
Golder Associates on
behalf of Ecology, and
Keta Waters on behalf of
Squaxin Island Tribe.

" | Revision1

% | Johns Creek and

Goldsborough Creek

i3] Groundwater Modeling Study:
N : 4 January 2015 Report

i
e ] Submitted to:

; ¥ Washington Department of Ecology
! S Olympia, WA

Submitted by:
Golder Associates Inc.

B



 Three dimensional, steady-
state model simulates
groundwater flow under
saturated conditions

¥ g b O 02 0 0 P b ) B

e Modeled area includes two
watersheds and surrounding
areas
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Once constructed, Golder
Associates ran modeling scenarios
on behalf of Ecology, while Keta
Water ran model scenarios on
behalf of Squaxin Island Tribe.
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RCW 90.94 Considerations




RCW 90.94 Planning Groups must describe Future
Permit-Exempt Well Consumptive Use over Next 20 Years

e Ecology recommends relying on more than one
method for estimating numbers of future wells
including: population projections, historic
building permit data, and/or historic well log
drilling rates.

e To account for portion of water not
consumptively used, water use estimates can be
adjusted to account for water that will not return
to hydrologic system.




From Ecology ESSB 6091 Streamflow Restoration Water Use Estimate Recommendations

Household Consumptive Indoor Water Use (HCIWU):

60 gpd X 2.5 people per house X 365 days X 0.00000307 AF/gal. ¥ 10%, cons. use = 0.017 AF/YR

Household Consumptive Outdoor Water Use (HCOWU):

May June July AugustSept. Total
Irrig. requirements (in.); 0.63 272 411 275 050 1111

Assuming outdoor watering area of 0.4 acre:

Irrigation Requirements (in.) = 11.11 inches/12 inches per feet X 0.4 acres = 0.37 AF/YR

Factoring in assumed application efficiency of 75 percent,
0.37 acre-feet + 75% application efficiency = 0.45 acre-feet
Factoring assumed outdoor water use consumption of 80%:

0.45 acre-feet x 80% consumed (20% return flow) = 0.35 acre-feet

Basin-wide Household Consumptive Water Use (BHCWU):
Consumptive water use by future permit-exempt domestic wells for WRIA or subbasin:

BHCWU = number of houses served by permit-exempt domestic wells X (HCIWU + HCOWU)

1. Az=zuming all houszes discharge wastewsater via septic systems
2. From Appendix A of the Washington Irrigation Guide (WAIG) (1.5, Department of Agriculture, 1997)




When & Where Consumptive Use
Impacts Will Occur

e RCW 90.94 requires high priority offset projects to
replace 20-year water use in-time and in same
subbasin.

e Estimating timing of groundwater impacts on streams
with precision is complicated due to lags between
when a well is pumped and when those impacts
propagate to a stream.

_ Calendar
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1130 24 10 TSTE
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Due to hydrogeologic
variability, uncertainty
regarding new well
locations, limited
money, and limited
time, planning groups
will not be able to

Need to Simplify

Tribal Reservations "

% Resarvation

Existing Groundwater Modeling Studies

Model & Primary Developer
| Whatcom County: AESI (in progress)

I Lower Skagit: USGS
- Dungeness: PGG
I Chimacum Creek: USGS
Kitsap Peninsula: USG5
[ 5PWsD Maodel: COM
) #irportisPU Mode: Popodopoious
Vashon Medel: King County DMR
[ ] Lakehaven Model: Robinson & Moble
[ Jonns Ck & Gokdsh: Keta Waters/Golder
|:| Thurston County: USGS
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[ ] chambers Clover Creek: USGS
[ ] Puyallup River: USGS {in progress)
[ Portiand Basin Model: USGS
[ ] Quiney: USGS {in progress)
508-14 Area: USGS
[ walla Walla Gravel Aquifer: OSU
[ ] chamokane Creek: USGS
[P fakima Model: USGS
[ ] Little Spokane River: WEST
U Colville Watershed: USGS
[ ] columbia Plateau Modsl: USGS

I =VRF Aquifer: USGS




Conceptual Groundwater Understanding

Conceptual groundwater models provide overall hydrogeologic
understanding.

In water resources terms this generally considers:
* spatial delineations of recharge and discharge areas

e identification of pathways from unsaturated zones through saturated
zones to groundwater receptors

* analyses and estimates of time scales of flow and effects of
groundwater pumping



Seasonal vs. Steady State . NINImE
 Magnitudes of aquifer pumping N iININININD |
pulses decay over distance and
time as effects spread out. o ]' - T
* [n this example water-level (L | ']| H [‘ . | |'l| ﬂ
changes range from a distinct T WA AW AW AW AWAWAWAWAWA:
pump-on — pump-off pattern, to L utesotorvat st 0 o
a relatively constant impact. s f ]
* In most instances in western ER
Washington it is reasonable to I SRS ANANASASANANANANE :
assume streamflow depletion will - I
essentially be steady state - L | ]
especially beyond distance of few [ ]
thousand feet. . - f

USGS Circular 1376



Spatial Considerations

 Even when planning groups assume steady state conditions, they
will need to consider how steady state pumping effects are
distributed spatially.

e Conceptually, one option is to assume all pumping effects will
remain within a subbasin and be distributed evenly to all surface

water bodies.

* In those instances where most future wells are likely to be shallow
and congregated near a stream particularly important to fish,
another option would be to conservatively assume depletion
impacts are entirely attributed to streams closest to pumping well.



Significance of Scale

When evaluating the hydrologic
impacts of new permit-exempt
domestic wells or water offset
projects on surface water an
important consideration is what
the magnitude of impacts or
benefits will be relative to size of
the water bodies.




Context of RCW 90.94

e Structure of mitigation under RCW 90.94 is fundamentally different then
mitigation for groundwater permits.

e Typically water right permits require offsetting impacts of groundwater pumping
in-time and in place.

e RCW 90.94 allows mitigation for permit-exempt domestic wells to occur
anywhere within a WRIA, provided watershed plans achieve a Net Ecological
Benefit (NEB).

e Per RCW 90.94 when Ecology reviews plan addendums it will be looking for:

(1) “actions that the planning unit determines to be necessary to offset
potential consumptive impacts to instream flows associated with permit-
exempt domestic water use.”

(2) actions that “will result in a net ecological benefit to instream resources
within the water resource inventory area.”

e This means placing offset projects in places most beneficial to fish is probably
more important than understanding specific impacts from permit-exempt
domestic well pumping.



Washlngton Depa
Tom. Culhane@e.cy
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