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Well Electric Well
Station Facility

Five caisson wells constructed 1907-1925

Wells 4 and 5 remain in operation today
e Constructed 1921 (Well 4) and 1925 (Well 5)
45 feet diameter
40- to 45-feet-deep
Produce approximately 53 mgd (36,500 gpm)

Supplies the Low, Intermediate, and North Hill PZs

Well 5 constructed with two 28-to 36-inch diameter
steel casing pump chambers

Hydraulically connected with the Spokane River

Well 5 West Profile s |
Source: City of Spokane

GSI Water Solutions, Inc. 3
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Well Electric Well
Station Facility [= o

1,930 Groundwater elevation (Well 5) 1.1%

Groundwater elevation threshold for well station operations
Spokane River stage

=
=}
a5}
o

1.0%

* Groundwater production capacity is
adversely affected each year:

Critical low pumping water level elevations

1,910 0.9%

2017 Max = 189?.91

1,900 0.8%

* Dry years/low river stage - low
groundwater level = reduced
available drawdown

¥ 2015 Max = 1891.1
1,890 %
1,380 v

1,870

¥ 2016 Max=1889.3

River Transducer Likely Dry 0.7%

|

0.6%

* Spring runoff/high river stage -
increased potential for surface
water to enter caisson wells (GWI)
- City shuts down the facility
when flow in the river at Post Falls
Dam exceeds 15,000 cfs

2015 Min = 1874.6 2016 Min = 1874.66 2017 Min = 1875.

0.5%

1,860 0.4%

1,850 0.3%

1,840 0.2%

Daily Average Groundwater Elevation and Tailbay Stage (feet NAVDS88)

1,830 0.1%
1,820 0.0%
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Daily Volume Pumped (As a % of Total Annual Volume Pumped)



Well Electric Well
Station Facility

* Only well station that supplies water to all three primary pressure zones

 Critical source needed to meet future water system demands

Future Supply Needs from Well Electric Well Station (millions of gallons per day)

Parkwater and Ray and

Non- Parkwater | Well Electric Well Electric Havana

Demand Scenario Emergency Offline Offline Offline Offline
20-Year Demands 29 77 0 46 44
50-Year Demands (Medium) 33 98 0 61 54
50-Year Demands (High) 42 125 14 90 74

GSI Water Solutions, Inc.



* Enhance resiliency against seasonal or
emergency disruptions in operations

Project * Increase production capacity

Objectives

* Protect water quality

GSI Water Solutions



Presentation

Outline

GSI Water Solutions

* Background

e Alternatives Evaluated

* Concept for Se

* Feasibility Stuc

ected Alternative
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History of the City’s Water System

Well Electric Well 1 Nevada Well Hydroelectric generating capacity at Upriver Dam
constructed. Station increased. Revenue from the power sales offset
constructed. the cost of pumping water to help keep customers’
water rates low and affordable.
Additional wells constructed Central Well
at Well Electric Well Station. Station
Groundwater constructed.

encountered during
construction of

Havana Wellfield

Upriver Dam was a Ray Street Grace Well
nuisance and Well Station Station constructed.
overlooked as a constructed constructed.
source.
O1880 h1900 A1920 A1940 A1960 A1980 AZOOO A2020
N\ U A\ A\ A\ N\ A\
City of Spokane Groundwater Hoffman Well Parkwater City begins serving City replaces
water service evaluated and Station constructed. Well Station water to customers last uncovered
begins. considered a constructed. outside City limits. reservoir.
potential new supply
source for

development.

Source: City of Spokane
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Well Electric Well &y
Statlon B We" 1 « TOTAL DEPTH 0F i 40
i DIAMETER OF WELL 2’

J OF WATER 207
Constructed 1907 : ggl;Ll]!A N TEAR AWRE“;_
 DRAWDOWN M
| % JAMETER
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i

e Currently offline and preserved as an
educational/historical display

e Capacity = 56 mgd

* Performance = 10,600 gpm/foot of
drawdown

« City permanently discontinued use of 35
the Spokane River as its supply source "> - Rl W i

GSI Water Solutions, Inc. 11



CITY OF SPOKANE
WATER SYSTEM TODAY

, BOOSTER
WELL STATIONS
i STATIONS

27 WELL PUMPS 72 PUMPS

Q) Reservoirs

f"} City of Spokane Boundary

— -

Water Retail Service Area p r ¢ 2

xoe . \ " m—— / STORAGE l PRESSURE
s Transmission Mains - : f_ - RESERVOIRS . ZONES
\ : 103 MG CAPACITY
DISTRIBUTION

6 —

MILES OF
WATER MAIN

POPULATIbN SERVED BILLION GALLONS
&= PUMPED ANNUALY

-
/ 30 MGD WINTER \ ‘
[I]I/G ‘ 180 MGD SUMMER ' ‘m.

SERVICE FIRE HYDRANTS
CONNECTIONS

Source: City of Spokane




Average
percent of
water supply

produced by
1A
stations

GSI Water Solutions
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NEVADA
1%
GRACE
9%
CENTRAL
9%

8%

PARKWATER WELL ELECTRIC
39% 23%

® HOFFMAN
1%

* Two 48-foot-diameter caisson wells
* Four 900-to 1,000-hp motors/pumps
* Produces approximately 53 mgd (36,500 gpm)

* Four 18-foot-diameter caisson wells
* Eight 600- to 1,000-hp motors/pumps
* Produces approximately 90 mgd (62,500 gpm)

13
Source: City of Spokane



SVRP Aquifer

- 9Pog gy pIVED

(290)
* Spokane Valley - Rathdrum Prairie
(SVRP) Aquifer

* Exclusive source of water supply for
City

® U n Confl ned ’ h Igh Iy prOd u Ct'Ve, a n d Water Solutions, Inc
highly transmissive Ty Chs U W S e B e N

Aquifer Thickness, Feet

S5 EES50- 250
[ 250 - 350
350 - 450
450 - 550
I 550 - 600

N
@ 0 3,750 7,500
) I —
Feet

* Underlain and laterally bounded by
bedrock and low-permeability clay
(Latah FM)

* Recharge primarily from infiltration of
rainfall and snowmelt runoff and
seepage from surface water bodies

GSI Water Solutions, Inc.



Alternatives Evaluated
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Alternative g B D B
NO' 1 u Ground surface

Deepen
Existing
Caisson

Wells

Estimated cost: $11-23M
Estimated increase in yield: 6 mgd
Estimated cost: $2-4M/mgd

| ~EL 185887

I Perforated casing or

o . il/_ sheetpile
t lﬁ |

(
Source: City of Spokane | I ' '\ Pump Intakes: EL. 1850
and Consor North America | O I |
da 1 N a 3 v
AR
VG T b i
WELL 5 i) ] HBEDRE Iri End of Perforations: EL 1841

GSI Water Solutions L U LS Bottom of Casing EL. 1840



Alternative
No. 2 -
Install
Pump
Chamber

Estimated cost: $2-3M
Estimated increase in yield: 6 mgd
Estimated cost: $250-500K/mgd

GSI Water Solutions

2
il

NEW
VERTICAL
LINE SHAFT
TURBINE

i

Source: City of Spokane
=us and Consor North America

Install New 38"
diameter Pump
Chamber in Caisson
Well 4

WELL #4

17




Alternative
No. 3 -
New
Wellfield

GSI Water Solutions
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Deep Exploratory
Borehole (2018)

oduction wells

* Drilled exploratory borehole and converted to monitoring well

* Collected and analyzed drill cuttings and water quality samples




Alternative
No. 3 - ey |

u

w

New e

Wellfield

GSI Water Solutions

Depth
(feet)

‘Well cap; walded to permanent
well cazsing and equippad with a
2-inch diameter access port
with threaded cap

SVRP
GRAVEL UNI

SVRP
SAND UNIT

#120 filter pack sand:
195 to 405 fest bgs

Cantaring guides

Water Solutions, Inc.

Ground surface
Bentonite chip surface seal
0 to 50 feet bgs
36-inch nominal dia. borehole;
0 to 176 fest bgs

Static water level (approximate);
50 feat bgs

Bentonite Grout
50 fo 175 feat bgs

30-inch nominal dia permanent casing,
low-carbon steel (0.376-inch wallk
+3 1o e feet bgs

24-inch nominal dia. casing riser,
lowr carbon steel {0.375-inch wall):
190 to 206 feet bgs
715 1o 220 feet bgs

24-inch pipe-size, stainless steel wire-
wrap pressure-relief screen;
inch slot -206 to 215 feet bgs

24-inch pipe-size, stainless steel wire-wrap
well screen;
D.126-inch slot sin

inch slot sizme-370 to 395 feat bgs

24-inch nominal dia. casing blank, low
carbon steel {0.375-inch walll:
235 1o 250 faet bgs
265 to 280 feet bgs
306 to 315 feet bgs
336 to 370 feet bgs
405 feet bgs




/ D {Vlodel Layer1

0 to 75 feet below the water table)

Model Layer 2
(75 to 150 feet below the water table)

Model Layer 3
I (150 to 200 feet below the water table)
Model Layer 4
(200 to 250 feet below the water table

)

I:l Model Layer 5
(250 to 300 feet below the water table)

I:I Model Layer 6
)

(300 to 350 feet below the water table

=

Alternative (
No. 3 - |
New /

Wellfield

Estimated cost: $20-42M
Estimated increase in yield: 115 mgd / /
Estimated cost: $175-375K/mgd

* Wellfield Layout and Estimated Capacity
* 16, 400-foot-deep, high-capacity production wells completed in the deep sand unit
80,000 gpm (115 mgd)
7 N

m * Groundwater captured from areas east of the wellfield rather than the shallow 29
gravel unit adjacent to the river when pumping the caisson wells

GSI Water Solutions



Alternative
No. 3 -
New
Wellfield

Estimated cost: $20-42M
Estimated increase in yield: 115 mgd
Estimated cost: $175-375K/mgd

GSI Water Solutions

[

Model Layer 1
(0 to 75 feet below the water table)
Model Layer 2

(75 to 150 feet below the water table)
Model Layer 3

(150 to 200 feet below the water table)
Model Layer 4

(200 to 250 feet below the water table)
Model Layer 5

(250 to 300 feet below the water table)
Model Layer 6

(300 to 350 feet below the water table)

21




. v e
.‘...—v--’!f .
L waf

—

"'.Ig' o
\l | -

<
D

Concept for Selected Alternati



—_ - —

| FUTURE TRANSMISSION MAIN

4 ACROSS RIVER, NOT INCLUDED
IN COST ESTIMATE

Legend

== |ntermediate Zone Transmission Main

| 0w Zone Transmission Main

~==North Hill Zone Transmission Main ok , =2

Monitoring well ' PRy ' : N , b SN gl .

& Hydrant

—— Auvista Utiliies R AR ¢ P i3 Y - 7
Potential Developable Area

== ** Proposed Water Main

PROP Well Field (2 well
concept) - Four 5,000 gom
pumps serving North Hill

2 F it
FACILITY SURGE/PRESSURE RELIEF
ASSEMBLY DISCHARGE TO EXISTING
EWER, TYP

I | FUTURE SITE PIPING
| SERVING NORTH HILL

A

\ S ‘ o o B SEE R ; o e FLOWMETERVAULTTYP oo
4 2 S o oM r
" 3 FUTURE SITE PIPING 9 Ol P2 20 f S8 L ol NG
o n Ce pt - SERVINGLOWZ s . [ Access orvewar |
7 ’~ .

B

FUTURE SITE PIPING
SERVING INTERMEDIATE

ﬁ‘:'.
- & = = . 9 . M Areas depicted by these digital ct: approximate
"; 7 ; g N > PROP:‘&E# ;::cum .sefving ? e, b ‘,:‘, andaemtnee:gsaﬁaeglmp’;mm;::u surv:ymg
Source: City of Spokane Sy » /. Lo Pressure Zone NG ¥ et pepuais oy s ol St s wpach
i A ; g | \ decision making: are subject to constant changes;
and consor NOI‘th Am ~ / N " . T"°5°°00P'“PU"'P55MV"9 ! andnuynotbewnpieee accurate, or current.

e Phase | - Four 5,000 gpm weIIs to serve North H|II PZ

cC 1 T Y O F
A

* Phase Il - Five 5,000 gpm wells (3 wells to serve Low PZ and 2 for Intermediate PZ)

ﬁ * Future Phases: Full wellfield buildout (80,000 gpm, or 115 mgd) -

e Current facility produces approximately 36,500 gpm (56 mgd)

GSI Water Solutions



New
Wellfield
Concept

cC 1 T Y O F
A

a
A

GSI Water Solutions

[FuTURE TRANSMISSION MAIN
{ ACROSS RIVER, NOT INCLUDED
IN COST ESTIMATE
Legend ;
== |ntermediate Zone Transmission Main
= | ow Zone Transmission Main
=== North Hill Zone Transmission Main

Monitoring well

& Hydrant
= Sanitary Sewer

—— Avista Utilities
— Parcel

Potential Developable Area
=" =" Proposed Water Main

PROP Well Field (2 well
concept) - Four 5,000 gom
pumps serving North Hill

PN .| FUTURE SITE PIPING
| SERVING NORTH HILL

‘?,‘1'. .
ANE ‘;‘A* 3,
: : < J/ : L e v a" i Areas depicted by these digital products are approximate
L % : : L | mmo" FACR IR - onvine R oL, L . and are not necessarily accurate to mapping, surveying.
Source: City of Spokane Fr LowPressue zone NG A A T o e
and Consor North Ame s N SR ] Two 5,000 gom pumps servmg | LB <ol oadbe o
: - 0 L ourcE s it Sobe araphcsL CNES A ibus DS YISDANISGSMAEnGRIDY G Esaithe

* Limitations and Uncertainties

» Spatial variability of deep sand unit (only one exploratory borehole)

* Hydraulic characteristics of deep sand unit (no deep wells or high-stress pumping)
* Will need new transmission main across river to serve NHPZ



Feasibility Study
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EAST UPRIVER kg
DRIVE SITE 4

Feasibility
Study

A y Deep explora
b > Ber z

| Deepéxploratory™ _ bo ’r,,ehole‘f 0:1,L
borehole (202/,3»,) :

GSI Water Solutions




New
Wellfield
Feasibility
Study

COMPLETED:
* Drilled exploratory boreholes
* Converted to monitoring wells

* Collected and analyzed drill cuttings r/
and water quality samples

* Began developing conceptual test
well design options

GSI Water Solutions



200 < i @ LEGEND
E ; L5 Qal - Alluvium
S B aicg - Glacial Flood Channel Deposits, Predominantly Gravel
Rk -~ Qfs - Glacial Flood Deposits, Predominantly Sand
. = Qgl - Glacial Lacustrine Sediments
Rt e ¥ Kog - Newman Lake Gneiss
WELL LEGEND
¥ Static Water Level
1800 180D
Screen
New ooy
2 . ® well
We I Ifi e I d E 17007 . ™ = Cross Section Line
2
| | | | a
Feasibility £ |
& o “.-: '+ PREDOMINANTLY SAND - em
1500+ 1500
\CUSTRINE:SEDIMENTS
1400 1400
1300 1200 28
1} 100 200 300 400 500 800

GSI Water Solutions DISTANCE, FEET



New
Wellfield

Feasibility
Study

GSI Water Solutions

ELEVATION, FEET NAVD 84

LEGEND

: Qal - Alluwivm

"l cfeq - Glacial Flood Channel Deposits, Predominantly Gravel
Qfs - Glacial Flood Deposits, Predominantly Sand

| Qigl - Glacial Lacustrine Sediments

B2 kog - Newman Lake Gneiss

WELL LEGEND

¥ Static Water Level
Screen

Explored Depth

DISTANCE, FEET

SPOKANE RIVER

WWMW-1

Al

— 2000




New
Wellfield
Feasibility
Study

NEXT STEPS:
* Collect wet-season MPA samples

* Model wellfield pumping scenarios
at alternative site

« Recommend a site for the test well £
* Drill and test a test production well ‘-‘

GSI Water Solutions
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Loren Searl

GSI Water Solutions, Inc.
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Kenny Janssen RG/LG
kianssen@gsiws.com

Source: City of Spokéneg
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