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Water Supply Management/Planning Topics

* Groundwater model readiness for modern-day needs
* Wellfield operations
* Long-term groundwater supply planning

* Well performance, maintenance, rehabilitation
* Coordinated water conservation planning

GSI Water Solutions, Inc.



Why Use Groundwater Models?

* Wellfield operations and management
* Optimizing operations amongst multiple wells
* Siting and designing new wells
* Understanding aquifer effects on well/wellfield performance

* Operational effects of changing water demands
* Amount and/or timing

 Effects of climate change on aquifer and river
* Pumping effects on river (water rights, instream flows)

GSI Water Solutions, Inc.



Water Supply Management/Planning Topics

* Groundwater model readiness for modern-day needs
* Wellfield operations

GSI Water Solutions, Inc.
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Models in the SVRP (City of Spokane, 1998)




Models in
the SVRP
(USGS

Bi-State
Model,
2007)
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Models in
the SVRP

(City/

SAJB
Model,
2012)
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Reasons to Migrate to New Model Software

* Current models are showing their age
* Bi-State model: coarse grid, only 1 layer in most areas
 City/SAJB model: software has not kept up, developer retired

* Much better tools have become available recently

* USGS software developed in partnhership with private sector

* Can imbed detailed grids inside regional models

* Local detail without losing the regional flow and system drivers
(which accounts for aquifer-wide and watershed-scale influences)

GSI Water Solutions, Inc. 11
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Grids
Imbedded at
Municipal
Production
Well Sites

(City of
Redmond, WA)
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City of
Spokane

Well
Locations
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Spatially
Refined
Model Grid
at the City of
Spokane’s
New Havana
Wellfield
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Conduct
5-Day
Aquifer
Test In Test

Well

Pumping Rate
Held Constant
at 1,600 gpm

Groundwater Elevation (ft msl)
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—MW-1 Datalogger
B MW-1 Hand Measurements
Straight Line Correction on MW-1

—Spokane River at Spokane

——County MW-2 Datalogger City Well Datalogger

¢ County MW-2 Hand Measurements City Well Hand Measurements

—Test Well Datalogger (smoothed) A Test Well Hand Measurements

Elevation (ft NGVD29)
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Incorporate
Long-Term
Historical
Data and

Proposed
Well Design
Into the
Model

water level elevation (ft msl)

1895.00

1890.00

1885.00

1880.00

6th & Havana monitoring well
Well ID 5323E01

i I
A V

A%

Elev. 1877 ft
1875.00
8 ft Available Drawdown
(based on driest summers) EI 1869 ft
V.
1870.00 ———NY- — ——— e
ﬂ?’@@é"@' 6‘6”0@‘(&"@@@@6@@’@’@@@’5&»»» NG
A A P A A A S P G o P e S o, "’\«7\“"\
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Results
from
Modeling

and Field
Aquifer
Testing

Estimated
Drawdown (feet)

Sustainable in

Target inside Well Sustainablein  Summer Under a
Wellfield Casings Under Summer Under Plausibly
Layout No.of Production Best-Case Best-Case Less Optimistic
No. Wells Rate (gpm) Scenario Scenario? Scenario?
1 4 15,000 5.0 Yes Yes
2 8 30,000 8.5 Yes Maybe
3a 6 22,500 6.5 Yes Yes
3b 8 30,000 8.7 Yes Maybe
4 12 45,000 12.0 Yes No

FINAL 6 22.500 6.5 Yes Yes

25



Final
Design
Concept
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FIGURE 5-1

Conceptual Site Plan
for a Future Wellfield

Havana Street Well Site Evaluation
and Test Well Development
City of Spokane Water Department,
Spokane, Washington
March 2017




Wellfield Studies: Impossible with a Coarse Grid
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Groundwater
Modeling to
Support

Supply
System

Master
Planning

Portland
Water Bureau

[H T
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Building Upon a USGS Basin Model (Portland)

Simulation Analysis of the Ground-
Water Flow System in the Portland
Basin, Oregon and Washington

United States
Geological
Survey
Water-Supply
Paper 2470-B

Preparad in cooperation with
COregon Water Resources.
Department, City of Portland
Bureau of Water Works, and
Intergovermnmental Resource
Centar

Deep Aquifer Yield
Groundwater Flow Model

Report on Model Development,
Calibration, and Testing

PORTLAND
WATER WORKS Prepared by
Jeff Leighton, P.E., City of Portland
Bureau of Water Works

) John Porcello, R.G., CH2M HILL
- July 2001
CH2MHILL

— 2001

¢

GSI Water Solutions, Inc.

TECHNICAL MEMORANDUM

Groundwater Model Improvement Project for the
Portland Water Bureau’s Columbia South Shore Wellfield

Phase 1: Sub-Regional Model Improvements
SEPTEMBER 2014




Groundwater Elevation (ft COP datum)
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Emergency Demand Scenario

2018 Supply System Master Plan

Seasonal Use Plus 3-Year-Long Emergency Use Due to Wildfire-Related Interruption of Surface Water Supply Source

PW35 (SGA) for Wildfire Scenario W1 PW9 (SGA) for Wildfire Scenario W1
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Water Supply Management/Planning Topics

* Well performance, maintenance, rehabilitation

GSI Water Solutions, Inc.
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Life Cycle Stages of a Production Well

Plan and
Design

Retire and Drill and
Replace Construct

Rehabilitate Operate and
or Restore Maintain

GSI Water Solutions, Inc.
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Life Cycle Stages of a Production Well

Rehabilitate Operate and
or Restore Maintain

GSI Water Solutions, Inc.
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Types of Problems

= IS it the pumping system?

 Worn or damaged impellers, or holes in
pump column

== Is it the aquifer?

* Declining or seasonally changing
groundwater levels

e S it the well?

e Screen plugged = more drawdown - 440 R 360

less efficient = less yield _ B r"‘\\ /M ) B

B Compounding problems? AN YN
e Rupture in casing or well screen 2> 3 : : ~ A /—420 g
pumping sand and damaging pump ;o \/ o §

N ok

1/1/1998 1/1/2001 1/1/2004 1/1/2007 1/1/2010 1172013 1172016

Measurement Date



Examples of Symptoms

Is it the pumping system?

e Decrease wire-to-water efficiency

ls it the aquifer?

e Deeper static water level2> less
available drawdown = cavitation
despite same pumping rate

s it the well? “0 M\ o
N BN

. . s 420 - o

e Changes in odor, taste, water quality 3 7 \ r \\ r\/\/\/
e Slimes or biofilms on equipment - y : ™~ 2
. . - § T

e Decrease in performance (i.e., specific ™~ A /;42“ :
capacity) \/
360 460 )

1/1/1998 1/1/2001 1/1/2004 1/1/2007 1/1/2010 1172013 1172016

Measurement Date



Declining Specific Capacity Trend

3

Specific capacity (Q/s) is
a measure of well
performance

120 |

2

Specific capacity =
pumping rate (Q) divided
by drawdown (s):

e Q=500¢gpm

« s =10 feet

/ = * @/s=50 gpm/foot of
Events

o.2]
=]

[=n}
o

S
o

20 |

Specific Capacity (gpm/foot of drawdown)

Time I >

GSI Water Solutions, Inc. 41



Performance Monitoring

o O

Proactive approach: Reactive approach:
* Monitor and track performance * Pump is damaged
regularly . Well is failing
* Perform routine inspections « Too little, too late
(i.e., video and pumping system
surveys)

e Conduct microbial
assessments

GSI Water Solutions, Inc. 42
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Well Types

Every well is

different; * Filter pack
« Geologic environment * Natural pack
. Age * Well-graded aquifer

« Construction materials * Sand and gravel formations

* QOperations
* Historical maintenance

e Groundwater quality

Well
screen

{ £ N
. - . -
“ 3 " 1
= e

=
;
-
E _3
> .
'

@
=
E
3
;
2=
E
E
E—
;
-_—
-
-
E
E
E =
H




Every well is
different:

Geologic environment
Age

Construction materials
Operations

Historical maintenance

Groundwater quality

Well Types

* Filter pack

 Natural pack
* Well-graded aquifer
e Sand and gravel formations

* Open-borehole

* Fractured or porous bedrock

* CRBG wells

Universe
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Well Types

* Collectors (e.g., Ranney)

Reinforced concrete caisson; 10-20+
feet dia.

Lateral/radial well screens
Single well yields 2 to 50+ mgd




Well Types

* Filter pack

* Natural pack

* Well-graded aquifer
 Sand and gravel formations

* Open-borehole
* Fractured or porous bedrock
« CRBG wells

Collectors (e.g., Ranney)

 Reinforced concrete caisson; 10-20+
feet dia.

 Lateral/radial well screens
* Single well yields 2 to 50+ mgd

e Caissons
 Concrete or brick-lined




Well Rehabilitation

* Well not performing as expected: now
what?

* Do nothing and hope for the best

* Diagnose and prepare a targeted plan to
repair or restore

* Drill and construct new replacement well

 Well rehabilitation vs. new construction
e Cost 10 to 100% of a new well
* May not ever regain lost performance

Specific Capacity (gpm/foot of drawdown)

Rehabilitation
Events

Time :{}

GSI Water Solutions, Inc.
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Well Rehabilitation

* Diagnose
* Maintenance/operations history
* Poor well construction or development
 Pumping/well performance test

* Remove pumping system and video
survey well

* Ruptured casing? Damaged or plugged
screen?

* Collect and analyze groundwater
quality samples

* Physical or biological plugging?

Rehabilitation
Events

Specific Capacity (gpm/foot of drawdown)

Time :{}

GSI Water Solutions, Inc. 49



Well Rehabilitation

* Develop a plan

* Well type and condition
* Mechanical rehabilitation

Brushing, swabbing, surging, bailing, air- or water-jetting, rawhiding
* Impulse generation

* Hydropulse® or AIRSHOCK®
* Typically used in combination with mechanical methods
* Chemical rehabilitation

* Chlorine, disinfectants, biodispersants, biocides
* Design to address microbiology in well

* Typically used in combination with other methods
* Proper disposal is essential

* Expect and plan for change

GSI Water Solutions, Inc.

-

-

Water Systems
Engineering

- perforations

" shockwavebreaks the debris
& and scale in perforations
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Well Rehabilitation

* Monitor performance
* Evaluate relative improvements

* Evaluate effectiveness of
method(s)

* Q/s varies based on pumping rate
and duration

 Compare against baseline
performance

e Document and reference

e Use as baseline threshold to
inform future rehabilitation needs

40

LA

Specific Capacity (gpm/foot of drawdown)

10

15 20 25

Eplapsed Pumping Time (min)

30

Q/fs Test #1

Q/s Test #2

Q/s Test #3

Q/fs Test #4

Q/fs Test #5

-------- Baseline Q/s

35

GSI Water Solutions, Inc.
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Well Maintenance/Rehabilitation

* Recommendations
 Know your well and pumping system
e Conduct routine inspections

* Monitor well and pumping system performance regularly
* Once per year - great!
* Twice per year seasonally - even better!
* Consistent and systematic approach

* Monitor groundwater and pumping water levels

* Consider age, condition, and water quality of well when developing
plan

* Avoid idling wells too long; keep active
* Avoid pumping water level below top of screen

GSI Water Solutions, Inc.
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Water Supply Management/Planning Topics

* Groundwater model readiness for modern-day needs

* Long-term groundwater supply planning

GSI Water Solutions, Inc.
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Modeling to Guide Groundwater Supply Planning

* Accounting for the effects of external forces on groundwater
levels (under static and pumping conditions)

e Climate-change influences

* Changes in timing of rainfall, snowmelt, and streamflow on ambient
aquifer conditions (which affect timing and amounts of recharge)

* Effect of changing temperature on customer water demands
* Growth influences (demands, conservation, supply needs)

* Minimizing effects on the river during its low-flow season
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Effect on River of a Hypothetical Summer-Season
Redistribution of Groundwater Pumping Between 2 Wells
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Percent Change in Spokane River Response Relative to Seasonal Pumping Relocation - IWD
Elapsed Time (Years)
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City of
Spokane
Concept:

Switch
from
Shallow
to Deep
Wells

CaisSon_We_II_4-_' DA

Historical A ATE
CaissonWell 1 ¢y

~+ - (Three Pumps

“(Two PUmps): o
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Concept
Design for

Deep
Wells

Depth
(feet)

50

100

150

200

250

300

330

400

Well cap; welded to permanent
well casing and equipped with a
2-inch diameter acoess port
with threaded cap

SVRP
GRAVEL UNIT

Centering guides — == ~

Ground surface

Bentonite chip surface seal
0to 50 feet bgs

Static water level (approximate);
30 feet bgs

36-inch nominal dia. borehole;
Oto 175 feet bgs

Bentonite Grout
50 to 175 feet bgs

30-inch nominal dia. permanent casing,
low-carbon steel (0.375-inch wall);
+3 to 215 feet bgs
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3D Flowpaths to Shallow vs. Deep Wells

Map View West Cross-Section View East

Shallow Gravel Unit
iElow paths in connection with River

SVRP Aquifer

Bedrock




Supporting Field Evidence

Groundwater elevation is higher in
the deep sand unit than in the
shallow gravel unit.

Upward gradient (from deep sand
unit to shallow gravel unit).

Less daily fluctuation in deep sand
than in shallow gravel unit.

These observations together tell us
that the recharge source is distant
(not nearby river recharge).

Groundwater Elevation (feet NAVDS88)
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1,885

1,884
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1,882

1,881

1,880

1,879

1,878

1,877
5/30/18 0:00

Groundwater Elevations in Shallow and Deep Zones at Well Electric
With Mean Daily Spokane River Flow at Post Falls

Deep
Sand
Unit

Shallow
Gravel
Unit

6/4/18 0:00

6/9/18 0:00

20,000

Deep Zone Groundwater Elevation (New Monitoring Well)

- ean Daily Spokane River Flow at Post Falls (cfs)

== Shallow Zone Groundwater Elevation (Well Electric Well No. 1)

18,000

6/14/18 0:00 6/19/18 0:00 6/24/18 0:00 6/29/18 0:00
Date - Time

16,000

14,000
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8,000
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Mean Daily Flow at Post Falls (cfs)
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Binned Frequency of Occurrences of Snow Water Equivalent, Sunset SNOTEL Station,

March
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Binned Frequency of Occurrences of Snow Water Equivalent, Sunset SNOTEL Station,

April
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August
Daily
Streamflow

versus
April SWE

Mean Daily August Flow (CFS)

2500

2000

====Poly. (Spokane River August Average Flow (CFS))

Poly. (April SWE)
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Sunset SNOTEL Station SWE (inches)
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April 1 SWE at Sunset Snotel Station

Apr 1st Snow Water Equivalent = Apr 1st Snow Water Equivalent =
_— 47.55545 N ,115.82422 W, Lower Emissions (RCP4.5) 47.55545 N ,115.82422 W, Higher Emissions (RCP8.5)
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Source: Climate Mapper Tool (https://climatetoolbox.org/tool/Climate-Mapper), Climate Toolbox (formerly the Northwest Climate Toolbox), Accessed March 2019
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April 1 SWE (Historical and Future RCP 8.5)

Snow Water Equivalent, April 1st Snow Water Equivalent, April 1st Snow Water Equivalent, April 1st
Historical simulation, 1971-2000 mean Higher Emissions (RCP 8.5), 2040-2069 mean Higher Emissions (RCP 8.5), 2070-2099 mean

Multi-model (10 models) mean from VIC forced by downscaled models Multi-model (10 models) mean from VIC forced by downscaled models Muiti-model (10 models) mean from VIC forced by downscaled models
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NW Climate Tcoibox, Data: Integrated Scenarios VIC-MACAv2-LIVNE

1971-2000 2040-2069 2070-2099

Source: Climate Mapper Tool (https://climatetoolbox.org/tool/Climate-Mapper), Climate Toolbox (formerly the Northwest Climate Toolbox), Accessed March 2019

NW Climate Toolbox, Data: integrated Scenarios VIC-MACAv2-LIVNEH
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Water Supply Management/Planning Topics

* Coordinated water conservation planning

GSI Water Solutions, Inc.
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NOAA United States Drought Monitor (Drought.gov)
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Current Soil Moisture Conditions

0-100 cm Soil Moisture Percentile 5 cm Soil Moisture Percentile

MASA’s Short-term Prediction and Transition Center

Land Information System (SPoRT-LIS) provides
high-resolution (about 3-km) gridded soil moisture
products in real-time to support regional and local
modeling and improve situational awareness. The
0-100 cm soil moisture percentile data has shown
to be a utility for drought monitoring. The near
surface (0-10 cm) layer responds quickly to heawvy
precipitation and rapidly drying events. In deeper
layers, soil moisture evolves more slowly and has
demoanstrated greater utility overall for drought
monitoring purposes since drought evolves
typically on timescales of weeks to years. Learn
more.

0=100 cm Soil Moisture Percentile

70 - 80 80 - 90 90 - 95 =98

*Currently, data are only available for the contiguous U.5.
Source(s): NASA Updates Daily




Socially Acceptable

Net Ecological Benefit

Capital Cost Avoidance

Regional Approach

Maximize Effort and Approach
Emergency Response and Resiliency
Customer Outreach



	Groundwater Supply Management
	Water Supply Management/Planning Topics
	Why Use Groundwater Models?
	Water Supply Management/Planning Topics
	Models in the SVRP (USGS, 1983)
	Models in the SVRP (City of Spokane, 1998)
	Models in the SVRP (USGS �Bi-State Model, 2007)
	Models in the SVRP (City/�SAJB Model, 2012)
	Grids (USGS �Bi-State Model & City/SAJB Model)
	Grids (USGS �Bi-State Model & City/SAJB Model)
	Reasons to Migrate to New Model Software
	Slide Number 12
	Slide Number 13
	Slide Number 14
	Slide Number 15
	Slide Number 16
	Slide Number 17
	Slide Number 18
	Imbedding a Local Grid Inside a Sub-Regional Mesh
	Grids Imbedded at Municipal Production Well Sites��(City of Redmond, WA)
	City of Spokane�Well Locations
	Spatially Refined Model Grid at the City of Spokane’s New Havana Wellfield
	Conduct �5–Day Aquifer Test in Test Well��Pumping Rate Held Constant at 1,600 gpm
	Incorporate Long-Term Historical Data and Proposed Well Design into the Model
	Results from Modeling and Field Aquifer Testing
	Final Design Concept
	Slide Number 27
	Groundwater Modeling to Support Supply System Master Planning��Portland Water Bureau
	Slide Number 29
	Base-Case Demand Scenario�2018 Supply System Master Plan
	Emergency Demand Scenario �2018 Supply System Master Plan
	Water Supply Management/Planning Topics
	Slide Number 33
	��Wells are…��
	��Wells are…��
	��Wells are…��
	Life Cycle Stages of a Production Well
	Life Cycle Stages of a Production Well
	Slide Number 39
	Slide Number 40
	Declining Specific Capacity Trend
	Performance Monitoring
	��
	��
	��
	Slide Number 46
	Slide Number 47
	Well Rehabilitation
	Well Rehabilitation
	Well Rehabilitation
	Well Rehabilitation
	Well Maintenance/Rehabilitation
	Water Supply Management/Planning Topics
	Modeling to Guide Groundwater Supply Planning
	Slide Number 55
	Slide Number 56
	City of Spokane Concept: ��Switch from Shallow to Deep Wells
	Concept Design for Deep Wells
	Slide Number 59
	Slide Number 60
	Historical Snowmelt and Streamflow Trends��Locations of Snotel Sites
	Slide Number 62
	Slide Number 63
	Slide Number 64
	Slide Number 65
	Slide Number 66
	Slide Number 67
	August Daily Streamflow versus�April SWE�
	Slide Number 69
	Slide Number 70
	Water Supply Management/Planning Topics
	Slide Number 72
	Slide Number 73
	Slide Number 74
	Slide Number 75
	Socially Acceptable�Net Ecological Benefit�Capital Cost Avoidance�Regional Approach�Maximize Effort and Approach�Emergency Response and Resiliency�Customer Outreach

