
WELL I.D. LABEL# L
START CARD #

Owner Well I.D.
First Name

Address
Zip

(1) LAND  OWNER

 New Well  Deepening
 Abandonment(complete 5a)

 Conversion

(3) DRILL METHOD
 Rotary Air  Rotary Mud  Cable  Auger  Cable Mud

 OtherReverse Rotary

(4) PROPOSED USE  Domestic  Community
 Industrial/ Commericial

 Irrigation
 Livestock  Dewatering

 StateCity

STATE OF OREGON
WATER SUPPLY WELL REPORT
(as required by ORS 537.545 & 537.765 and OAR 690-205-0210)

 Thermal  Injection  Other

(5) BORE HOLE CONSTRUCTION
Depth of Completed Well  ft.

SEAL
Material From To Amt

BORE HOLE

(Attach copy)

Dia From To

 Special Standard

(6) CASING/LINER
 Dia

Shoe  Inside  Outside Location of shoe(s)

From To Gauge Stl Plstc Wld ThrdCasing  Liner

(7) PERFORATIONS/SCREENS
Method

Type   Material
 Scrn/slot

widthToFrom
# of
slots

Tele/
pipe size

Casing/
Liner

 Dia

(8) WELL TESTS: Minimum testing time is 1 hour

Yield gal/min Drawdown Drill stem/Pump depth Duration (hr)

Temperature °F  Lab analysis
 Water quality concerns?

Yes

From
Yes (describe below)

To Description

(9) LOCATION OF WELL (legal description)

Tax Lot
  Lot

Twp   Range  E/W WM
Sec  1/4  1/4

Lat ° ' " or   DMS or DD
Long ° ' " or   DMS or DD

County N/S
of the

(10) STATIC WATER LEVEL

 WATER BEARING ZONES
From To Est Flow SWL(psi)SWL Date

(11) WELL LOG Ground Elevation
Material To

End DateBegin Date

(unbonded) Water Well Constructor Certification
I certify that the work I performed on the construction, deepening, alteration, or
abandonment of this well is in compliance with Oregon water supply well
construction standards.  Materials used and information reported above are true to
the best of my knowledge and belief.
License Number   Date

Signed

(bonded) Water Well Constructor Certification

ORIGINAL - WATER RESOURCES DEPARTMENT
THIS REPORT MUST BE SUBMITTED TO THE WATER RESOURCES DEPARTMENT WITHIN 30 DAYS OF COMPLETION OF WORK
New exempt use wells must be submitted with a map and recording fee.

Depth water was first found

Temp casing From To

Screen
Dia

 Other

Tax Map Number

I accept responsibility for the construction, deepening, alteration, or abandonment
work performed on this well during the construction dates reported  above.  All work
performed during this time is in compliance with Oregon water  supply well
construction standards.  This report is true to the best of my knowledge  and belief.

License Number   Date

Signed

Existing Well / Pre-Alteration
Completed Well

From

Company
 Last Name

Seal placement method:

Perf/
Screen

+

Date SWL(psi)

  By

Amount Units

sacks/
lbs

 Slot
length

 Perforations
 Screens

SWL(ft)

+

SWL(ft)

+

Contact Info (optional)

Flowing Artesian?

(2a) PRE-ALTERATION
 Alteration (complete 2a & 10)

(2) TYPE OF WORK

To sacks/lbsAmtFromMaterial

(5a) ABANDONMENT USING UNHYDRATED BENTONITE
Proposed Amount

From

+

 Dia

TDS amount

 Casing:

 Seal:

ORIGINAL LOG #

Construction
Begin Time

Actual Amount
+ Yes

Seal Placement Begin Date Begin Time

 A  B  C  D  E  Other:
Backfill placed from  ft. to  ft.    Material
Filter pack from  ft. to  ft. Material Size
Explosives used: Type Amount

Street address of well Nearest address

Pump Bailer Air Flowing Artesian

Dry Hole?

Form Version:

ThrdWldPlstcStlGaugeTo

Calculated

Calculated

Page 1 of 3
134900
1050343

CITY OF SALEM PUBLIC WORKS DEPARTMENT
555 LIBERTY STREET SE  ROOM 325

SALEM OR 97301

CLMSHELOL/HORZ-DRIL

RANNEY COLLECTOR WELL

37.00

50

9.00

104/20/2023

3/18/2021 4/20/2023

1962 10/31/2023

71038MARI

10/31/2023

STEVE KASER (E-filed)
STEVE KASER WWC 1962 503-881-9255

153 ppm

3008

15
37

0
15

SANDS GRAVELS COBBLES WTR 9 FT
LARGE COBBLES & RIVER ROCK WTR

5/5/2021 0011

TREMME/PUMPED/SEE ATT DOC

MARION 9.00 S 1.00 W
13 SW NE 400

44.79012200
-122.75156100

GEREN ISLAND  SOUTH OFF HYWY  2700

2600 19 27 4

3/18/2021 9 15 10
5/6/2021 15 37 11

296 0 37 Cement 0 19 2340 S
1620

X 288       X       3            37        3'      

Amended 2/12/2024



WATER SUPPLY WELL REPORT -
continuation page

(6) CASING/LINER

(7) PERFORATIONS/SCREENS

(8) WELL TESTS: Minimum testing time is 1 hour

(10) STATIC WATER LEVEL

ThrdWldPlstcStlGaugeToFrom+ DiaCasing Liner

Material ToFrom

Comments/Remarks

BORE HOLE
Dia From To

Water Quality Concerns

Yield gal/min Drawdown Drill stem/Pump depth Duration (hr)

SEAL
Material From To Amt

sacks/
lbs

From To Description Amount Units

FILTER PACK
From To Material Size

SWL(ft)

+

SWL(psi)Est FlowToFromSWL Date

(11) WELL LOG

(5) BORE HOLE CONSTRUCTION

(2a) PRE-ALTERATION

Perf/
Screen

Casing/
Liner

Screen
Dia From To

 Scrn/slot
width

 Slot
length

# of
slots

Tele/
pipe size

From

+ Dia ThrdWldPlstcStlGaugeTo

WELL I.D. LABEL# L
START CARD #

ORIGINAL LOG #

To sacks/lbsAmtFromMaterial

Name of person(s) who assisted with construction and Trainee License # / Helper #
Assistant Name Type #

Calculated

Calculated

Calculated

Calculated

Well sealed using twenty 2-inch grouting pipes evenly spaced around 
caissons to pressure grout cement. Casing wall thickness is 3 feet of 
concrete for caissons.
SEE ATTACHED DOCUMENTS SUBMITTED BY LAYNE FOR 
ALL PERTINENT CONSTRUCTION INFO INCLUDING 
DIMEMSIONS SCREEN LENGTHSAND TEST PUMPING

134900

1050343

10/31/2023

71038MARI
Page 2 of 3



Map of Hole

71038MARI

10/31/2023

WATER SUPPLY WELL REPORT - Map with location
identified must be attached and shall include an approximate
scale and north arrow

Page 3 of 3





Water Resources Department 


725 Summer St NE, Ste A 


Salem, OR, 97301 


Phone: 503‐986‐0900 


Fax: 503‐986‐0904 


January 5, 2021 


STEVE KASER WWC #1962 
GROUNDWATER PROTECTION SERVICES LLC 
502 LEWIS STREET 
SILVERTON, OREGON 97381 


FINAL ORDER 
Dear Mr. Kaser: 


The Special Standards Request you submitted for the City of Salem Public Works Department, Start Card number 
1050343, is hereby approved for the following: You may construct a 24 ft diameter collector well as described on your 
special standards request form and addendum dated December 22, 2020, with the following stipulations: As the licensed 
and bonded constructor responsible for this work, you must be on site for all work involving a material change in the 
construction of the well. This includes, but is not limited to, setting or advancing the caisson; placing the grout seal and 
floor; and installation of the laterals and screens. In addition, the annular space requirements must be met (OAR 690-210-
0420(2)); the seal must extend to the appropriate depth based on the formations encountered; the well head must meet top 
terminal height requirements (OAR 690-210-0250); the well must be properly covered (OAR 690-215-0050); a well 
identification label must be attached to the well (OAR 690-200-0048); and an access port must be provided (OAR 690-
210-0250). In addition, the two-inch grouting pipes built into the caisson must be completely filled with grout once the
seal has been placed so that they are not left open. In addition, the cement grout seal that is installed must completely
displace the sodium bentonite slurry that is used during caisson installation so that the vertical movement of water within
the annular space is completely stopped. All other well construction standards apply. A copy of your Special Standards
Request Form and addendum are enclosed.


The Well Construction Standards serve to protect groundwater resources. By approving and issuing this special 
construction standard, the Oregon Water Resources Department is not representing that a well constructed in accordance 
with this condition will maintain structural integrity or that it meets engineering standards. The well constructor/or 
landowner is responsible for ensuring that a well is constructed in a manner that protects ground water resources as 
required under Oregon Administrative Rules 690-200 through 690-240. 


If you have any questions concerning this letter, I may be contacted at (503) 986-0851, or by e-mail at 
Kristopher.r.byrd@oregon.gov. 


Sincerely, 


Kristopher Byrd, Manager 
Well Construction and Compliance Section 


Enclosure 


cc: Tommy Laird, Well Inspector, Northwest Region 


This is a final order in other than contested case. This order is subject to judicial review under ORS 183.484. Any 
petition for judicial review must be filed within the 60 day time period specified by ORS 183.484(2). Pursuant to 
ORS 536.075 and OAR 137-004-0080 you may either petition for judicial review or petition the Director for 
reconsideration of this order. A petition for reconsideration may be granted or denied by the Director, and if no 
action is taken within 60 days following the date the petition was filed, the petition shall be deemed denied. 







 


Revised 7/26/2006 Special Standards Request Form /1 ENF 


Special Standards 
Request Form 


 


REQUEST FOR WRITTEN APPROVAL TO USE CONSTRUCTION METHODS NOT 
INCLUDED IN OREGON ADMINISTRATIVE RULES 690-200 THROUGH 690-240 


Before the request can be considered, this form must be completed.  Requests shall be submitted 
to the Well Construction Program Coordinator, Water Resources Department, 725 Summer Street NE, 
Suite A, Salem OR  97301-1266.  Requests may also be considered by the appropriate Regional 
Manager. 


Date of request:    Oral approval date (if applicable):   


Bonded Well Constructor (name, license #, and mailing address):   


  


(1) Location of Well:    1/4    1/4 Tax lot    Section     , 


 Township         , Range               ,   County 


 Address at well site:   


   


(2) Start Card Number(s)(for work to be done):   


(3) Name and Address of Land Owner:   


   


(4) Distance to the nearest septic tank, drainfield, closed sewage line (if water supply well) 


   


(5) The unusual site conditions which necessitate this request:   


   


   


(6) The proposed construction methods that the bonded well constructor believes will be 
adequate for this well: (attach additional pages if needed) 


   


   


   


 


Oregon Water Resources Department 
725 Summer Street NE, Suite A 
Salem Oregon 97301-1266 
(503) 986-0900 
www.wrd.state.or.us 







 


Revised 7/26/2006 Special Standards Request Form /2 ENF 


(7) Diagram showing the pertinent features of the proposed well design and construction: 
(attach additional pages if needed) 


 


 


 


 


 


 


 


 


 


 


 


  


PLEASE NOTE: 


(1) The Well Construction Standards serve to protect ground water resources.  By approving 
and issuing this special construction standard the Oregon Water Resources Department is 
not representing that a well constructed in accordance with this condition will maintain 
structural integrity or that it meets engineering standards.  The well constructor/or 
landowner is responsible for ensuring that a well is constructed in a manner that protects 
ground water resources as required under Oregon Administrative Rules 690-200 through 
690-240. 


(2) If it should be determined at some future date that the well, due to its construction, is 
allowing ground water contamination, waste or loss of artesian pressure, the undersigned 
shall return to the site and rectify the problem. 


(3) If oral approval was granted, a written request must be submitted to the Department 
either within three (3) working days of the date of oral approval or prior to the 
completion of the associated well work.  Failure to submit a written request as described 
above may void prior oral approval. 


I have read and understand the above information.  I further attest that the information provided 
is accurate to the best of my knowledge. 


 


Bonded Constructor Signature:   



Steve

Sticky Note

SEE ATTACHED CONSTRUCTION DRAWINGS







SPECIAL STANDARDS CONSTRUCTION REQUEST ADDENDUM 


SALEM PUBLIC WORKS COLLECTOR WELL 


GEREN ISLAND HYWY 2700 OFF OLD MEHAMA HYWY 


START CARD 1050343 


CONTRACTOR: LAYNE CHRISTENSEN/RANNY COLLECTOR DIVISION 


  


SCOPE OF WORK: A 24 ft OD by 20 ft ID caisson well will be constructed to an approximate depth of 35.6 


feet from land surface. The caisson will be constructed and installed on site at the well location in 10‐


foot‐long sections one constructed on top of the other. Once to depth a concrete floor will be poured. 


Horizontal wells will be constructed through ports in the bottom of the caisson. A 16” OD casing will be 


installed to refusal. A 12” 304 stainless well screen of appropriate construction strength and slot size will 


be installed inside the 16” casing. The casing will be retracted in five‐foot lengths exposing the well 


screen.  


 


WELL SEALING DURING INSTALLATION OF CAISSONS:  The first 7‐foot tall caisson lift will have 


constructed to its face a steel “drive shoe” which will cut a 24 ft – 8‐inch diameter bore hole.  Upper 


caisson lifts are 24 feet OD, creating a 4‐inch annular space between the caisson wall  and bore hole. A 


sodium bentonite slurry will be placed in the annulus to hold the hole open and lubricate the caisson as 


each section is installed. Additionally, on the first section there will be a ¾” bentonite chip seal between 


the jacking pads and caisson. 


WELL SEALING AFTER CAISSON REACHES TOTAL DEPTH: There will be 2” grouting pipes built into the 


caissons for the purpose of pressure grouting cement after the floor of the caisson has been poured. 


From discussions with the contractor there will be a grout pipe every 7 ½ feet around the circumference 


of the caisson. Half of these 20 grout pipes will extend to 19 feet with the other half will extend 8 feet. 


The cement grout will be a 6‐gallon water to 94 pounds cement mix. 


PRESENCE OF LICENSE BONDED CONTRACTOR DURING WELL CONSTRUCTION: There is substantial time 


involved in the preparation of the jobsite, installation of jacking pads and constructing the caissons. The 


rules require a licensed bonded contractor be present during casing installation and/or seal placement. 


Therefore, I request this be acknowledged and written into the special standards approval along with 


any other circumstances the Oregon WRD deems necessary. 


SUMMARY: While this caisson collection well is out of the norm for most of us, the construction of this 


well is basically the same as our constructing smaller diameter wells in that we start at the top extend 


casing (caissons) to the depth required and do everything possible to protect the groundwater in the 


process. I believe collectively working close with the Oregon WRD this can be accomplished.  


Steve Kaser WWC #1962 







Groundwater Protection Service LLC 


 


 


 


 


 



















LAYNE CHRISTENSEN COMPANY


COLUMBUS, OHIO 43229
6360 HUNTLEY ROAD


(614) 888-6263 / FAX (614) 888-9208







LAYNE CHRISTENSEN COMPANY


COLUMBUS, OHIO 43229
6360 HUNTLEY ROAD


(614) 888-6263 / FAX (614) 888-9208
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		Text1: 12/22/2020

		Text2: 

		Text3: STEVE KASER WWC 1962

		Text4: GROUNDWATER PROTECTION SERVICES LLC 502 LEWIS STREET SILVERTON OREGON 97381

		Text5: SW

		Text6: NE

		Text7: 00400

		Text8: 13

		Text9: 9

		N: [S]

		Text10: 1

		E: [W]

		Text11: MARION

		Text12: ON GEREN ISLAND SOUTH OF HYWY 2700 SOUTH OF OLD MEHAMA HYWY

		Text13: 

		Text14: 1050343

		Text15: CITY OF SALEM PUBLIC WORKS DEPARTMENT

		Text16: 555 LIBERTY STREET SE ROOM 325 SALEM OREGON 97301

		Text17: >500 FT

		Text18: 24 FT DIAMETER

		Text19: RANNY HORIZONTOL COLLECTOR WELL 

		Text20: 

		Text21: SEE CONSTRUCTION ADDENDUM ATTACHED

		Text22: 

		Text23: 
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City of Salem – SE Collector Well                                                                 [1055007] 08/30/2023 
Performance Test Report  -1-     Ranney Collector Wells 
   
 


1.0  INTRODUCTION 
 
Ranney Collector Wells (Ranney), a part of the Water Resources Division of Layne Christensen Company 
(Layne), recently completed the installation, development, and performance testing of a Horizontal Collector 
Well (HCW) for the City of Salem, Oregon (Salem) at Salem’s Geren Island facility in Stayton, Oregon.  Layne 
completed this project, under subcontract to Slayden Constructors, Inc. (Slayden) in general accordance with 
project Construction Subcontract Agreement 1907-130000. 
 
The new well, Southeast Collector Well (SECW), was constructed in the southeast portion of Geren Island, 
with the central caisson approximately 250 feet north the main channel of the North Santiam River.  As 
constructed, SECW consists of a 20-foot ID concrete caisson that is approximately 37 feet below ground 
surface (ft bgs) to the bottom of caisson, and approximately 31 feet deep (from the top of caisson to the top 
of the finished floor). The well is equipped with nine (9) stainless steel 12-inch diameter lateral screens of 
varying lengths. 
 
Prior to installation of the caisson, the caisson footprint was pre-drilled, beginning on December 14, 2020.  
Caisson construction was completed May 11, 2021.  The initial phase of lateral installation using the cast 
in place ports was completed on January 30, 2023 and was followed by performance testing from February 
1 to February 6.  Summit Water Resources, LLC (Summit), the City’s consultant then completed longer 
term testing between February 8 and March 2, 2023.  In May, 2023 Layne returned to site and installed 
two laterals through additional cored port locations.  That installation was followed by a second 
performance testing from July 18 to July 22, 2023.  This report includes an as-built description of the 
below-ground components of SECW, presents the results of the various performance testing efforts, and 
provides estimates of yield for the new well for various site conditions.  
 
1.1   REPORT ORGANIZATION 
The material in the report is presented in the following sections: 
Section 1.0 – Introduction. 
Section 2.0 – As-Built Collector Description: discusses as-built design of the collector. 
Section 3.0 – Performance Testing Field Procedures: presents the procedures used for the performance 
testing. 
Section 4.0 – Performance Testing Results: presents results for the various performance tests. 
Section 5.0 – Estimated Collector Well Yield: presents an estimate of the as-built well yield.  
Section 6.0 – Summary and Recommendations: presents a summary report and recommendations. 
Section 7.0 – References: presents a list of references cited in the report. 
 
1.2   LIMITATIONS 
This report was prepared for the exclusive use of Slayden and Salem for the specific application to SECW.  
The report was prepared in accordance with generally accepted practices and principles relative to 
subsurface investigations and water supply development.  Conclusions reached in this report are based 
upon the data available to Layne as of the date of the report.  Every effort is made to evaluate the 
information by the methods generally recognized to constitute accepted standard practices for 
groundwater investigations; however, Layne cannot be responsible for actual conditions proved to be 
materially at variance with the data collected or supplied to us.  No warranty, expressed or implied, is 
made.   
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2.0   AS-BUILT COLLECTOR DESCRIPTION 
 
The as-built collector design and lateral orientation for SECW are portrayed in Figure 1, and a summary 
of the design is included in Table 1.  SECW consists of a 20-foot inside diameter (ID), 24-foot outside 
diameter (OD) concrete caisson that is 31 feet deep (from top of the caisson to the top of the finished 
floor).  Nine (9) lateral ports were poured in place during caisson construction and two (2) additional 
ports were installed by coring and grouting the ports into the caisson wall.   
 
The laterals were constructed by initially projecting a nominal 16-inch OD pipe through the ports until 
encountering refusal.  Aquifer materials were sampled as the pipe was projected in order to determine 
the screen slot size for each screen section.  Next, the 12-inch diameter stainless steel (type 304) screens 
were installed within the projection pipe and the pipe was hydraulically extracted from the aquifer, 
exposing the screened lateral to the aquifer.  The screen slot sizes varied depending on the grainsize of 
the material encountered, which was determined from the samples collected during the projection of 
the drive pipe.  Grainsize distribution analyses of the samples collected during the drive pipe projection 
are included in Appendix A.  The screens were typically installed in 10-foot sections, with each section 
having 9.5 feet of its length screened, although Lateral 2 contains an eight-foot section of screen, Lateral 
5 contains a five-foot section of screen, and Lateral 9 contains a five-foot blank. 
 
The laterals range in total length from 8 to 70 feet, for a total lineal footage of 393 feet.  A summary of 
the as-built screen slot sizes used in construction is presented in Table 1.  As listed in the table, screen 
slot openings varied between 0.060 inches and 0.150 inches.  The total screen open area, adjusting for 
couplings and blank sections, is 482 square feet.  At the maximum yield of 3,200 gallons per minute 
(gpm) which is the maximum pumping rate sustained for a minimum of 24 hours during any of the 
performance tests, or 4.6 million gallons per day (MGD), this equates to: 
 


• An average entrance velocity of 0.89 feet per minute (ft/min) at a pumping rate of 3200 gpm, 
assuming no blockage.  This is below the mean entrance velocity target of (1.5 ft/min) included in 
Section 13 26 10 of the project specifications. 


• The in-line velocity as measured at 3200 gpm for seven laterals and 2600 gpm for nine laterals are 
included in Table 4.  At 3200 gpm the highest measured in-line velocity was 1.3 ft/sec.  At 2600 
gpm, the highest measured in-line velocity was 1.0 ft/sec. 


 
Following installation, the laterals were developed using a dual-disc packer system that allows limited 
sections of the screen to be isolated while water and air are surged through the isolated interval.  The 
progress in development was monitored using an Imhoff Cone and development in individual lateral 
sections proceeded until sand concentrations measured in the Imhoff Cone had stabilized.  
 
Following development and before Performance Test #2, all laterals were disinfected with a 100 ppm 
sodium hypochlorite solution which was introduced to the end of each lateral by a 1-inch diameter 
perforated plastic pipe extending from the surface.  The chlorine solution was pumped at a uniform rate 
through the pipe as it was pulled back to ensure that the complete length of the lateral was chlorinated.  
The lateral valves were then closed, and the chlorine solution was allowed to naturally dissipate. Prior to 
performance testing, sodium metabisulfite was used to reduce any remaining chlorine residual.    
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During the Performance Test #1 (Test #1) and Performance Test #2 (Test #2), a centrifugal sand-
separating device (Rossum Sand Tester) manufactured by the Roscoe Moss Company of Los Angeles was 
used to measure sand production of the well.  For development to meet the project specification, sand 
content from the well was required to be less than 2 parts per million (ppm).  Results of the testing 
(Table 2) indicated that sand production during each of the performance tests was well below the 2.0 
ppm standard defined in the project specifications.  It should be noted that the sand production 
measurement during Performance Test #2 was halted after the 1532-minute reading so the discharge 
piping tap used for the sand tester could be accessed for water quality sampling.    
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3.0  PERFORMANCE TESTING FIELD PROCEDURES 
 
The following paragraphs describe testing procedures for Performance Test #1 and Performance Test #2.  
The results of that testing and a summary of the Summit’s testing are described later in the document. 
 
3.1   PERFORMANCE TEST #1 GENERAL TESTING PROCEDURES 
The following section details the procedures for Performance Test #1.  The testing procedures were 
developed in general accordance with the Section 13 26 10, Parts 3.8 and 3.9 of the project 
specifications.  It should be noted that the testing was conducted at reduced rates and times than are 
identified in Section 13 26 10.  All testing was conducted under the supervision of an experienced 
Ranney hydrogeologist, and consisted of the following: 
 


• A background water level monitoring period.  
• A 4-hour multiple-rate step drawdown test. 
• A recovery period. 
• A 60-hour constant-rate pumping test. 
• A 36-hour recovery period. 


 
The pumping tests were conducted on the well to determine its installed capacity.  Actual testing 
proceeded in two phases, with the first portion of the test pumping involving a 4-hour multiple-rate step 
test, conducted in steps of approximately one-hour in duration at increasing rates of discharge.  The 
step test was evaluated to determine the relative efficiency of the pumping well, confirm the proper 
operation of all equipment and wells, and determine the discharge rate for the subsequent constant-
rate test.  The constant-rate test results were used to assess the long-term yield of the collector. 
 
Two (2) temporary submersible pumps (Gorman Rupp S8A) were installed for the performance testing.  
The pumps were plumbed into separate discharge lines, with the pumping rate for each pump being 
determined by an 8-inch inline flow meter (equipped with an instantaneous readout and totalizer).  The 
pumped discharge was conveyed to the Santiam River to prevent recirculation.    
 
For the collector well performance testing, the points that were monitored by Ranney during testing 
included the following: 
 


• SE Collector Well  
• Temporary staff gauge (North Santiam River, South Channel level); and  
• Observation Wells: SEC-1, SEC-2, C2, No. 1 and M2 


 
The approximate locations of the observation points are shown in Figure 2.  The stage of the south 
channel of the North Santiam River was monitored with a temporary staff gage installed near the 
existing collector well site.  Water levels were measured using direct read electric water level tapes with 
measurements made to the nearest 0.01 foot from a referenced surveyed point (i.e. top of casing).  
Water levels were also automatically recorded in the collector well caisson, selected observation wells 
(SEC-1, SEC-2 and C2) and staff gage using computerized data acquisition units and transducers 
manufactured by In-Situ, Inc.  The water level data logging units recorded water levels at 1-minute 
intervals during the constant-rate test pumping and recovery periods.  The on-site Santiam River 
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measurements were augmented with data from the U.S. Geological Survey (USGS) river gage station at 
Mehama, Oregon (Station Number 14183000). 
 
TESTING PROCEDURES 
The following section details the procedures for Performance Test #1.  The testing procedures were 
developed in general accordance with the Section 13 26 10, Parts 3.8 and 3.9 of the project 
specifications.  It should be noted that the testing will be conducted at reduced rates and times than are 
identified in Section 13 26 10. 
 
 A background water level monitoring period (up to 24 hours).  
 A four-hour multiple-rate step drawdown test. 
 An adjustment of the pumping rate. 
 A constant-rate test of up to 72 hours. 
 A 24-hour recovery period. 


 
Specific procedures for the testing were as follows: 
 
1. Set transducers in the collector well (SECW), stilling well, and observation wells (SEC-1, SEC-2 and 


2C) to begin the background data collection period.  Water level measurements were collected to 
the nearest 0.01 foot, with the transducers programmed to collect data at one (1) minute 
intervals.  Manual measurements in the wells (including No. 1 and M2) were collected periodically 
and just prior to the start of the multiple-rate test to the nearest 0.01 foot using a direct read 
electronic water level tape.   
 


2. Following the background period, the first portion of the test pumping involved a multiple-rate 
performance test.  This was a four (4) hour test conducted in one-hour steps at increasing rates of 
discharge.  The test was used to determine the relative efficiency of the pumping well and confirm 
the discharge rate for the subsequent constant-rate test.  The multiple-rate test was conducted in 
four (4) steps of increasing rates.  The targeted pumping rates for the step test are summarized 
below.  The actual pumping rates used are included in the discussion of the Multi-Rate Test 
results. 


 
Step Rate (gpm) Rate (MGD) Duration (hours) 


1 1000 1.44 1 
2 2100 3.02 1 
3 3200 4.61 1 
4 4200 6.05 1 


      
These rates are targets.  Actual rates will be established in the field and will be a function of 
overall well response and such that the pumping level will be maintained at least five (5) feet 
above the centerline elevation of the laterals.  During the multiple-rate test, water levels were 
measured with the transducers and/or an electronic water level meter throughout the monitoring 
network.  In addition, flow measurements were obtained from the inline flow meter(s), with the 
rates being recorded on the data sheets. 
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At the conclusion of the fourth step, the pumping rate was adjusted to the rate 
determined for the constant-rate test and in agreement with the City’s 
hydrogeological consultant.   


 
3. The constant-rate test began the day following the multi-rate test and was approximately 60 hours in 


duration.  During the test, discharge from the pumping well was initially set at 3200 gpm but was 
reduced to 2100 gpm after approximately 26½ hours of pumping, due to excessive drawdown in SECW 
at the higher rate.  After the test, the pumps were shut off and the recovery of water levels monitored 
for approximately 36 hours.  During the constant rate test, water levels measurements were collected 
throughout the monitoring network and measurements obtained using electronic water meters were 
recorded on forms.  Additionally, the temperature of the water discharged from SE Collector Well and 
in the Santiam River (upstream from the discharge location), were periodically measured.   


 
LATERAL FLOW ANALYSES & VIDEO 
During the constant-rate test, a diver entered the caisson and assisted in measuring the relative flow 
velocity and water temperature from each lateral.  The diver also conducted a video inspection the 
visible underwater portions of the collector well.  
 
SAND PRODUCTION  
To determine the adequacy of development, Ranney measured the sand production utilizing a 
centrifugal sand separating device (Rossum Sand Tester) attached to one of the pump discharge lines.  
Sand content testing will be conducted at the following times: 
 


• Step-rate test: samples were collected at the end of the last step (highest rate).  
• Constant-rate test:  given only trace amounts of sand were detected, for the constant-rate test 


the sand tester was allowed to run continuously with periodic readings being made over the 
course test.  


 
3.2  PERFORMANCE TEST #2 GENERAL TESTING PROCEDURES 
The following section details the procedures for Test #2.  Test #2 focused on determining if the pumping 
levels would stabilize at a higher pumping rate than Test #1 and on collecting lateral flows and diver 
video of the completed installation.  As a result, the testing procedures, while similar to those for Test 
#1, differed as follows: 
 


1. Because of influence from the inlet channel as identified during the Summit testing, a 
transducer was installed on the south side of the road near the intake to the inlet channel. 


2. The background water level collection period was limited to less than 24 hours. 
3. No Multi-Rate Test performed. 
4. The constant rate test was extended to 96 hours (four days) at the rate of 2600 gpm. 
5. The lateral isolation valves were closed at the end of the pumping period and only limited 


recovery data were collected. 
 
LATERAL FLOW ANALYSES & VIDEO 
On the first day of Test #2, a diver entered the well and advanced video camera for the full length of 
each lateral to document their installed condition.  The diver also collected individual lateral flow data to 
evaluate the lateral flow configuration and water temperature. 
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SAND PRODUCTION  
To determine the adequacy of development, Ranney measured the sand production utilizing a 
centrifugal sand separating device (Rossum Sand Tester) attached to one of the pump discharge lines.   
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4.0   PERFORMANCE TESTING RESULTS 
 
4.1  PERFORMANCE TEST #1 EVALUATION 
BACKGROUND PERIOD 
Background data collection for the collector well performance testing began on January 31, 2023 by 
installing water level data recorders in the monitoring wells.  Figure 3 presents hydrographs for selected 
wells at the collector well site during the background and the complete testing period.   
 
At the start of the background monitoring period the surface elevation of the Santiam River at the on-
site staff gage was about 477.2 feet.   As shown in Figure 3, groundwater levels at the site were below 
the surface elevation of the Santiam River at the staff gage.  The groundwater level at the observation 
well (SEC-1) located closest to the south channel of the river was about 1.7 feet below the river surface 
at the site.  Overall, the groundwater levels ranged from 0.5 to 1.7 feet below the river surface level and 
indicated a groundwater flow gradient across the site to the southwest.   
 
During the background and pumping periods, the Santiam River level was relatively consistent at an 
elevation of about 477.2 feet.  About halfway through the recovery period the river level began to 
gradually rise.  By the end of the recovery period the river had risen to an elevation of about 477.6 feet.  
The corresponding discharge measurements obtained from the USGS North Santiam River station at 
Mehama, Oregon during the background through recovery period ranged from 1310 to 2280 cubic feet 
per second (cfs). 
 
MULTIPLE-RATE TEST RESULTS 
Following the background period, the first portion of the test pumping involved a multiple-rate 
performance test.  The multiple-rate step test was started on February 1, 2023 at 09:20 AM.  The 
pumping period for the 2nd step was extended due to a brief shutdown of one of the pumps during the 
step.  A summary of the multiple-rate test results is presented below table.  A semi-logarithmic plot 
showing the time-drawdown relationship in the collector well is presented in Figure 4. 
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Step-Drawdown Pumping Test Summary 


        


Step 
Step 


Duration 
Pumping 


Rate 


Depth to 
Water at 


End of Step 
(1) 


Water 
Elevation 


Observed 
Drawdown 
in Collector 


at End of 
Step 


Observed 
Specific  
Capacity 


Specific 
Capacity 


Adjusted for 
Dewatering (2) 


  (minutes) (gpm) (feet) (feet) (feet) (gpm/feet) (gpm/feet) 


Static     10.88 476.42       
1 60 1,000 12.03 475.27 1.15 870 895 
2 70 2,100 13.60 473.70 2.72 772 828 
3 60 3,250 16.09 471.21 5.21 624 717 
4 100 4,200 19.80 467.50 8.92 471 606 
        


1) Depth to water from top of caisson above Lateral #9.  Measuring point elevation = 487.3 feet. 
2) Specific Capacity values were adjusted for dewatering assuming an aquifer thickness of 20 feet (Driscoll, 
1995. 


 
CONSTANT-RATE TEST RESULTS 
The constant-rate test pumping period was started on February 2, 2023 at 8:00 AM at a pumping rate of 
3200 gpm after concurrence with the City’s hydrogeological consultant.  Figure 5 depicts hydrographs of 
the observed water levels for the collector well, the observation wells during the constant-rate test, 
with the observed water levels and water level changes being summarized in the table below.  Figure 6 
presents semi-log plots of the observed drawdown for the collector well and observation wells during 
the constant-rate test.   
    
The slope of the drawdown increased/steepened for the later portion of the pumping period conducted 
at 3200 gpm.  The steepening of the drawdown plot occurs after the effects of gravity drainage for the 
unconfined aquifer should have dissipated.  A possible explanation for the steepening drawdown is that 
the expanding cone of depression encountered an impervious (negative) boundary.  The drawdown 
slope also appeared to increase in the observation wells to the north of the collector well, indicating 
that the negative boundary is located north/northwest of the collector well.   
 
With the increased rate of drawdown, the pumping level in the collector well approached the specified 
minimum drawdown elevation 465 feet for the performance test at the initial rate of 3200 gpm.  At this 
point (26½ hours), the pumping rate was reduced to 2100 gpm and maintained at this rate for the 
remainder of the performance test.  The pumping was continued until February 4, 2023 at 8:00 PM, by 
which time the water levels in the collector well and adjacent observation wells appeared to have reach 
equilibrium.  At this time the pump was turned off and recovery of water levels was monitored until the 
morning of February 6th.  Water levels observed during the constant-rate test are summarized in Table 3.     
 
The SE site aquifer transmissivity had previously been estimated to be about 400,000 gpd/ft, with the 
hydraulic conductivity value being 20,000 gpd/ft2 based on an aquifer thickness of 20 feet.  Utilizing 
these aquifer parameters along with the recent stabilized pumping conditions, the effective a-distance 
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to a line source of recharge (river) was estimated to be about 600 feet during testing at a rate 2100 gpm.  
At 600 feet, the effective distance to recharge extends out beyond the far side riverbank of the south 
channel of the Santiam River. 
 
The results of the performance test indicate that negative boundary and lower recharge conditions are 
adversely influencing the production from the collector well.  The stabilized production at 2100 gpm and 
the rapid decline in water levels at 3200 gpm indicate that the maximum yield for the collector well is 
somewhere between these two rates and likely closer to the 2100 gpm value.   
 
LATERAL FLOW ANALYSIS RESULTS 
Approximately two hours after the start of the constant-rate test pumping period, a diver entered the 
well and collected data to evaluate relative lateral flow and water temperatures.  Table 4 presents the 
results of the lateral flow analysis.   
 
The lowest flow was from Lateral 2, which was only installed to a length of 8 feet.  Excluding this short 
lateral, the lateral flow configuration was relatively uniform ranging from 13% to 26%.  The variation in 
water temperature from the individual laterals was consistent with temperatures ranging from 48.3o F 
to 49.2o F.  The temperature of the Santiam River during performance testing averaged was 41 ° F. 
 
SAND CONTENT TESTING 
To determine the adequacy of development, Ranney measured the sand production utilizing a 
centrifugal sand separating device (Rossum Sand Tester) attached to one of the pump discharge lines.  
The sand production results a summarized in Table 2.  As shown, all of the individual sand content 
measurements were less than the 2 ppm limit  
 
4.2  SUPPLIMENTAL TESTING RESULTS 
Salem, through their consultant Summit, conducted additional testing following Performance Test #1.  
That testing began on February 8, 2023 and proceeded through March 2, 2023.  The testing confirmed 
that the well achieved steady state conditions when pumped at 2100 gpm under the test conditions. 
 
Summit also conducted a test at 2500 gpm (18 hours duration) and 2600 gpm (10 days duration).  
Steady state conditions were not confirmed in either test.  The testing did document a relationship 
between the water levels in the aquifer and changes in the inlet channel levels.   
 
Summit’s technical memorandum describing their efforts and calculations of potential seasonal changes 
in yield of SECW are included as Appendix B.  Using the 2100 gpm yield as a baseline, Summit calculated 
minimum well yield of 1975 gpm during periods of low river stage and temperature and a maximum well 
yield of 2685 gpm during periods of higher river stage and warmer river water. 
 
4.3  PERFORMANCE TEST #2 EVALUATION 
BACKGROUND PERIOD 
Background data collection for the collector well performance testing was started on July 17, 2023 by 
installing water level data recorders in the monitoring wells.  Figure 7 presents hydrographs for selected 
wells at the collector well site during the background and the complete testing period.  The reference 
point elevation for inlet channel was not known preventing its inclusion in Figure 7.     
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At the start of the background monitoring period the surface elevation of the Santiam River at the on-
site staff gage was about 477.1 feet.  As shown in Figure 7, groundwater levels at the site were below 
the surface elevation of the Santiam River at the staff gage.  The groundwater level at the observation 
well (SEC-1) located closest to the south channel of the river was about 1.7 feet below the river surface 
at the site.  Overall, the monitored groundwater levels ranged from 0.7 to 1.7 feet below the river 
surface level and indicated a groundwater flow gradient across the site to the southwest.   
 
During the background and pumping periods, the Santiam River level was relatively consistent at an 
elevation of about 477.1 feet, which is slightly lower than the river elevation at the beginning of Test #1.  
The corresponding discharge measurements obtained from the USGS North Santiam River station at 
Mehama, Oregon during the testing period ranged from 1070 to 1230 cubic feet per second (cfs). 
 
CONSTANT-RATE TEST RESULTS 
The constant-rate test pumping period was started on July 18, 2023 at 10:40 AM at a pumping rate of 
2600 gpm.  Figure 7 depicts hydrographs of the observed water levels for the collector well, the 
observation wells during the constant-rate test, with the observed water levels and water level changes 
being summarized in Table 3.  Figure 8 presents semi-log plots of the observed drawdown for the 
collector well and observation wells during the constant-rate test.  The observed changes in the inlet 
channel are also presented in figure 8.   
 
As seen in Figure 8, the slope of the drawdown increased/steepened for the later portion of the 
pumping period.  The slope of the drawdown plot is fairly uniform from 100 and 3000 minutes of 
pumping but steepens beginning around 4500 minutes.  A possible explanation for the steepening 
drawdown is that the expanding cone of depression encountered an impervious (negative) boundary, 
much like was seen at the higher pumping rate in Test #1.  The drawdown slope also increases in all the 
observation wells.  As seen in Figure 7, the pumping level in SECW was about 3 feet above the specified 
minimum testing elevation 465 feet and still dropping after four days of pumping. 
 
LATERAL FLOW ANALYSIS RESULTS 
Shortly after the start of the constant-rate test pumping period, a diver entered the well and collected 
data to evaluate relative lateral flow and water temperatures, including for Laterals 12 and 13, which 
were not yet installed when Test #1 lateral testing was performed.  Table 4 presents the results of the 
lateral flow analysis for both Test #1 and Test #2.   
 
As can be seen in Table 4, the installation of the two additional laterals redistributed the lateral flows.  
During Test #1, Lateral 3 provided approximately 25% of the total flow.  During Test #2, that percentage 
declined to 19.3%.  The water temperature from the individual laterals was warmer than in Test #1, with 
temperatures varying from 50.9 to 53.0o F.  Average temperature was 51.8o F, which is slightly warmer 
than the 48.5o F average temperate recorded in Test #1.  The temperature of the Santiam River and inlet 
channel during Test #2 both averaged 60 ° F.   
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SAND PRODUCTION TESTING 
To determine the adequacy of development, Ranney measured the sand production utilizing a 
centrifugal sand separating device (Rossum Sand Tester) attached to one of the pump discharge lines.  
The sand production results a summarized in Table 2.  As shown, all of the individual sand content 
measurements were well less than the 2 ppm limit.  Sand sampling was discontinued after 
approximately 25 hours so the sample tap on the discharge piping could be used to collect samples for 
water quality analysis. 
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5.0   ESTIMATED COLLECTOR WELL YIELD 
 


The yield capacity of a collector well can be separated into two components, the aquifer capacity and the 
mechanical capacity of the constructed well.  The aquifer capacity is the quantity of water that the aquifer 
can sustainably deliver to the well.  The aquifer capacity is dependent on the aquifer hydraulics including 
the hydraulic conductivity, saturated thickness, boundary conditions, and recharge conditions.  
 
The mechanical capacity of the well to extract the available water is dependent on the well’s design and 
efficiency.  The mechanical capacity of the well is the rate at which the well can be pumped without 
causing undue deleterious effects such as sand production and migration of fine materials to the screened 
zone or premature clogging of the well screen and aquifer materials adjacent to the well screen.  Design 
factors that affect the mechanical capacity include the screen placement, screen length and diameter, and 
screen open area.  The screen placement and static water levels in the aquifer control the available 
drawdown.  The screen length, diameter, and open area control factors such as the velocity of the water 
approaching and entering the screen, and water velocity within the screen. 
 
5.1  AQUIFER CAPACITY 
The yield of SECW is dependent upon the efficiency of the well, the available drawdown and aquifer 
hydraulics.  The available drawdown is related to the stage of the North Santiam River and the Inlet 
Channel, and will fluctuate as those water levels change.  Due to the connection with the River and the 
Inlet Channel, the temperature of the water pumped will vary as the result of the induced infiltration of 
surface water.  The hydraulic conductivity of the aquifer is affected by the change in water temperature, 
as the viscosity of the water is inversely proportional to temperature; resulting in a lower aquifer 
transmissivity when the water is colder and a higher transmissivity when the water is warmer. 
 
Performance testing indicates that SECW has a yield of 2100 gpm during Test #1 when water temperatures 
in the well were measured to be 48.8 0 F.  Summit calculated that the yield may increase to 2685 gpm at 
higher river stage and water temperatures of 50 0 F.  Test #2 demonstrated that the SECW pumping level 
did not stabilize at a pumping rate of 2600 gpm at 50 0 F when the river has a relatively lower stage. 
 
By projecting the drawdown curve from Test #2, it is estimated that SECW can be pumped at 2600 gpm 
for approximately 14 days before the drawdown reaches the minimum pumping elevation of 464 feet.  It 
is expected that the time would be lengthened during periods where the river is at the same or warmer 
temperature and the river stage is higher.  It is also possible that the pumping levels may stabilize at that 
higher pumping rate during those conditions. 
 
5.2  MECHANICAL WELL CAPACITY 
Factors considered for establishing the mechanical capacity of a collector well include the entrance 
velocity for water moving through the well screen slots, the approach velocity of water moving through 
the aquifer adjacent to the laterals, and the in-line water velocity within the laterals. 
 
The target specification for the average lateral screen entrance velocity is 1.5 ft/min.  Given that the SECW 
has a total screen open area of 482 ft2, at a pumping target rate of 3,200 gpm (4.6 MGD, the highest rate 
of pumping in the completed well achieved for at least 24 hours), the average screen entrance velocity is 
calculated to be 0.89 ft/min.   
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The recommended limit for the velocity of the water in the aquifer as it approaches outside of the lateral 
screens is based on the hydraulic conductivity of the aquifer.  The recommended maximum approach 
velocity limit is determined from the following equation (Williams, 1981): 
 


𝑣𝑣𝑎𝑎 ≤
√𝑘𝑘
110


 


Where:  
 va = the approach velocity in ft/min 
 k = the aquifer hydraulic conductivity in gallons per day per square foot (gpd/ft2) 


 
Summit, using aquifer testing data (GSI Water Solutions, 2020) estimated the aquifer transmissivity at the 
SECW site to be approximately 400,000 gpd/ft, with aquifer hydraulic conductivity of 20,000 gpd/ft2 
(assuming a saturated thickness of 20 feet).  Using this hydraulic conductivity value and the expression 
above, the maximum of the average approach velocity should not exceed 1.29 ft/min, or 0.64 ft/min if a 
safety factor of two is applied. 
 
The average approach velocity is determined by dividing the pumping rate by the circumferential area 
through which the flow occurs.  The area is determined by the total length of the lateral well screen and 
the diameter of the circle around the screen at which the approach velocity is determined.  The approach 
velocity is usually determined at the margin of the aquifer materials that have been affected by the 
development process where there is a potential for the transport of fines from the surrounding 
undeveloped aquifer materials.  For 12-inch diameter screens, Layne assumes a diameter of 1.32 feet for 
limit of the developed zone, which is the diameter of the temporary projection pipe used to install the 
well screen.  With 303 feet of well screen exposed, the average approach velocity at 3,200 gpm is equal 
to 0.358 ft/min (0.17 ft/min with a safety factor of 2 applied), which is considerably less than the maximum 
approach velocity calculated in the previous paragraph. 
 
As an additional design criterion, Layne uses an average maximum in-line velocity of the water in the 
laterals of 1.0 meter per second (m/sec) or 3.3 ft/sec.  The average in-line velocity is determined by 
dividing the flow rate by the total of the cross-sectional areas of the interiors of the laterals.  Individual 
lateral velocities can be calculated from the data collected during the dive inspections as shown in Table 
4.  As can be seen from the table, the highest average flow velocity when SECW was pumped at 3200 gpm 
was 1.3 ft/sec and the highest velocity when pumped at 2600 gpm was 1.0 ft/sec. 
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6.0 SUMMARY AND RECOMMENDATIONS 
 


Ranney Collector Wells (Ranney), a part of the Water Resources Division of Layne Christensen Company 
(Layne), recently completed the installation, development, and performance testing of a Horizontal Collector 
Well (HCW) for the City of Salem, Oregon (Salem) at Salem’s Geren Island facility in Stayton, Oregon.  The new 
well, Southeast Collector Well (SECW), was constructed in the southeast portion of Geren Island, with the 
central caisson approximately 250 feet north the main channel of the North Santiam River.  As constructed, 
SECW consists of a 20-foot ID concrete caisson that is approximately 37 feet below ground surface (ft bgs) to 
the bottom of caisson, and approximately 31 feet deep (from the top of caisson to the top of the finished 
floor).  The well is equipped with nine (9) stainless steel 12-inch diameter lateral screens of varying lengths. 
 
Performance testing indicates that SECW has a yield of 2100 gpm during Test #1 when water temperatures 
in the well were measured to be 48.8 0 F.  Supplemental testing indicated the yield may increase to 2685 
gpm at higher river stage and water temperatures of 50 0 F.  Test #2 demonstrated that SECW does not 
yield 2600 gpm at 50 0 F when the river has a relatively lower stage. 
 
By projecting the drawdown curve from Test #2, it is estimated that SECW can be pumped at 2600 gpm 
for approximately 14 days before the drawdown reaches the minimum pumping elevation of 464 feet.  It 
is expected that time would be lengthened during periods where the river is at the same or warmer 
temperature and the river stage is greater.  It is also possible that the pumping levels may stabilize at that 
higher pumping rate during those conditions. 
 
Based on these results for SECW as-built design, the limiting factor for the well is the aquifer capacity.  
Given that the aquifer capacity is highly dependent on water elevation in the Inlet Channel and the 
Santium River it is highly recommended that SECW should be operated long term at a yield of 2,100 gpm 
while short term operating information at higher pumping rates is collected at various surface water 
elevations and temperatures.   
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Figure 4
Performance Test #1 Step-Drawdown Time-Drawdown Plot
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Figure 6
Performance Test #1 Constant-Rate Drawdown Plot
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 Southeast Collector Well Design Summary


CAISSON AND LATERAL DESIGN


APPROXIMATE GROUND SURFACE ELEVATION 487.0 feet


CAISSON INSIDE DIAMETER 20.0 feet


CAISSON OUTSIDE DIAMETER 24.0 feet


TOP OF CAISSON ELEVATION 487.3 feet


CAISSON FLOOR ELEVATION 456.0 feet


CAISSON DEPTH (top of caisson to top of floor) 31.3 feet


(top slab and well house not installed)


THICKNESS OF CONCRETE PLUG 5.7 feet


CENTER LINE OF LATERALS ELEVATION 459.9 feet


DESIGN MINIMUM PUMPING ELEVATION 464.9 feet


LATERAL LENGTH


LATERAL
NUMBER


TOTAL 
LATERAL 
LENGTH


(feet)


BLANK 
LENGTH


(feet)


EXPOSED 
SCREEN LENGTH


(feet)


2 8 0 8


3 70 10 60


5 20 15 5


6 60 30 30


7 60 10 50


8 60 10 50


9 25 5 20


12 80 10 70


13 10 0 10


TOTAL 393 90 303


Geren Island, Oregon


TABLE 1


City of Salem


File: Salem SECW Table 1  Print Date: 8/28/2023







TABLE 1 (continued)
Southeast Collector Well Design Summary


SCREEN MATERIAL: 12.75-inch OD, 12-inch ID, Type 130 Wire-Wound Stainless Steel (wire width 0.130-inch)


LATERAL SCREEN SLOT SIZE PLACEMENT (feet from inside caisson wall)


Lateral 
Number 0.020 0.030 0.040 0.050 0.060 0.080 0.100 0.120 0.150


2 0-8   


3      10-20        
20-30        
30-40


40-50        
50-60        
60-70


5      20-25


6    10-20 20-30 30-40 40-50        
50-60


7      30-40 10-20        
20-30        
40-50        
50-60        


8      30-40        
40-50        
50-60


10-20        
20-30


9      5-15        
25-35


12 50-60        
60-70        
70-80


10-20        
20-30        
30-40        
40-50        


13      0-10


Total 
Length 0 0 0 0 10 10 8 105 180


TOTAL SCREEN OPEN AREA (Adjusted for couplings and blank sections): 482               ft2


SCREEN SLOT SIZE (inches)


City of Salem
Geren Island, Oregon


File: Salem SECW Table 1  Print Date: 8/28/2023







Table 2
Performance Test #1 Sand Content Results


Sampling Start Time Time of Reading


Elapsed 


Time 


(minutes)


Discharge 


Rate (gpm)


Sand 


Volume 


(ml)


Sand 


Content 


(ppm)


Step‐Test (4th) 2/1/2023 12:12 2/1/2023 13:32 80 4200 0.02 0.13


         


Constant Rate 2/2/2023 10:30 2/2/2023 11:35 65 3200  < 0.01 trace


2/2/2023 13:30 180 3200 < 0.01 trace


2/2/2023 15:45 315 3200 < 0.01 trace


2/3/2023 7:50 1280 3200 < 0.01 trace


2/3/2023 17:50 1880 2100 0.02 0.01


2/4/2023 10:20 2870 2100 0.05 0.01


2/4/2023 10:25 2/4/2023 17:20 415 2100 < 0.01 trace


Sampling Start Time Time of Reading


Elapsed 


Time 


(minutes)


Discharge 


Rate (gpm)


Sand 


Volume 


(ml)


Sand 


Content 


(ppm)


Constant Rate 7/18/2023 12:01 7/18/2023 13:22 81 2600 0.02 0.13


7/19/2023 9:22 1281 2600 0.02 0.01


7/19/2023 13:33 1532 2600 0.02 0.01


Performance Test #2 Sand Content Results


File: Tables_Salem ConRate #2-See Rpt Folder.xlsx  Print Date: 8/28/2023







Observed 


Change 


after


Water 


Elevation 


after


Observed 


Change 


after


Water 


Elevation 


after


Observed 


Residual 


Change 


after


Water 


Elevation 


after
26.5 hrs 26.5 hrs 60 hrs 60 hrs 36 hrs 36 hrs


(feet) (feet) (feet) (feet) (feet) (feet) (feet) (feet) (feet) (feet) (feet) (feet)


SE CW 487.30 11.12 476.18 22.07 10.95 465.23 16.23 5.11 471.07 10.55 ‐0.57 476.75


SEC‐1 488.48 12.93 475.55 17.00 4.07 471.48 15.33 2.40 473.15 12.45 ‐0.48 476.03


SEC‐2 489.60 13.11 476.49 18.02 4.91 471.58 16.14 3.03 473.46 12.46 ‐0.65 477.14


2C 486.59 10.97 475.62 13.72 2.75 472.87 13.02 2.05 473.57 10.50 ‐0.47 476.09


No. 1 488.91 12.74 476.17 16.75 4.01 472.16 15.38 2.64 473.53 12.17 ‐0.57 476.74


M2 488.73 12.10 476.63 15.56 3.46 473.17 14.57 2.47 474.16 11.44 ‐0.66 477.29


Staff Gage 478.7 1.48 477.22 1.45 ‐0.03 477.25 1.45 ‐0.03 477.25 1.13 ‐0.35 477.57


Pumping started on 2/2/23 at 08:00 hrs and ended on 2/4/23 at 20:00 hrs.
Pumping rate was maintained at an average rate of 3200 gpm for first 26.5 hours.  
Rate was then reduced to 2100 gpm for the remainder of the pumping period


Observed 


Change 


after


Water 


Elevation 


after


Observed 


Change 


after


Water 


Elevation 


after


Observed 


Change 


after


Water 


Elevation 


after


Observed 


Change 


after


Water 


Elevation 


after
24 hrs 24 hrs 48 hrs 48 hrs 72 hrs 72 hrs 96 hrs 96 hrs


(feet) (feet) (feet) (feet) (feet) (feet) (feet) (feet) (feet) (feet) (feet) (feet) (feet) (feet) (feet)


SE CW 487.30 11.25 476.05 17.27 6.02 470.03 17.87 6.62 469.43 18.13 6.88 469.17 18.95 7.70 468.35


SEC‐1 488.48 13.06 475.42 15.73 2.67 472.75 16.05 2.99 472.43 16.33 3.27 472.15 16.76 3.70 471.72


SEC‐2 489.60 13.41 476.19 16.90 3.49 472.70 17.38 3.97 472.22 17.59 4.18 472.01 18.45 5.04 471.15


No. 1 488.91 12.89 476.02 15.86 2.97 473.05 16.38 3.49 472.53 16.65 3.76 472.26 17.20 4.31 471.71


M2 488.73 12.32 476.41 15.03 2.71 473.70 15.45 3.13 473.28 15.68 3.36 473.05 16.23 3.91 472.50


Staff Gage 478.7 1.59 477.11 1.56 ‐0.03 477.14 1.55 ‐0.04 477.15 1.55 ‐0.04 477.15 1.64 0.05 477.06


Pumping started on 7/18/23 at 10:40 hrs and ended on 7/22/23 at 10:43 hrs.


Staff gage measurements from the top of the gage down to the water level.
Positive observed change represents drop in water level (drawdown).
Negative observed change represents rise in water level.


Reference 


ElevationBoring ID


Depth to 


Water 


after 26.5 


hrs


Depth to 


Water 


after      


60 hrs


Table 3
Performance Test Summaries


Constant‐Rate Test #1 Summary


Static Levels


Static 


Water 


Elevation


Depth to 


Water after 


36 hrs


Recovery LevelsQ = 2100 gpmQ = 3200 gpm


Initial 


Water 


Level


Constant‐Rate Test #2 Summary


Boring ID


Reference 


Elevation


Initial 


Water 


Level


Static 


Water 


Elevation


Static Levels Q = 2600 gpm


Depth to 


Water after 


72 hrs


Depth to 


Water 


after      


24 hrs


Depth to 


Water 


after      


48 hrs


Depth to 


Water 


after      


96 hrs







TABLE 4


Lateral Flow Analyses


Performance Test #1 ‐ February 2, 2023


Total  As‐Built Total Blank  Lateral Screen Lateral Relative Relative Water Per Cent Average Flow, 


Lateral Lateral Length, feet Length Length Diameter Lateral Velocity  Lateral Velocity  Temperature of Total per length of screen


No. from inside wall (feet) (feet) (inches) (kilometers/hr) (ft/sec) (o F) Flow (gpm per foot)


2 8 0 8 12 0.10 0.1 49.8 1.2% 5.0


3 70 10 60 12 2.05 1.9 48.7 25.5% 13.6


5 20 15 5 12 1.10 1.0 49.2 13.7% 87.5


6 60 30 30 12 1.20 1.1 48.5 14.9% 15.9


7 60 10 50 12 1.10 1.0 48.7 13.7% 8.7


8 60 10 50 12 1.10 1.0 48.3 13.7% 8.7


9 25 5 20 12 1.40 1.3 47.8 17.4% 27.8


Average 43 32 48.5 (1)


Total 303 223


Average Collector Pumping Rate During Flow Analysis: 4.6              MGD


3,200          gpm


Performance Test #2 ‐ July 18, 2023


Total  As‐Built Total Blank  Lateral Screen Lateral Relative Relative Water Per Cent Average Flow, 


Lateral Lateral Length, feet Length Length Diameter Lateral Velocity  Lateral Velocity  Temperature of Total per length of screen


No. from inside wall (feet) (feet) (inches) (kilometers/hr) (ft/sec) (
o F) Flow (gpm per foot)


2 8 0 8 12 0.10 0.1 51.3 1.8% 5.7


3 70 10 60 12 1.10 1.0 52.1 19.3% 8.4


5 20 15 5 12 0.40 0.4 51.1 7.0% 36.5


6 60 30 30 12 0.50 0.5 51.5 8.8% 7.6


7 60 10 50 12 0.50 0.5 51.5 8.8% 4.6


8 60 10 50 12 0.70 0.6 51.9 12.3% 6.4


9 25 5 20 12 1.10 1.0 53.0 19.3% 25.1


12 80 10 70 12 1.10 1.0 50.9 19.3% 7.2


13 10 0 10 12 0.20 0.2 51.5 3.5% 9.1


Average 44 34 51.8 (1)


Total 393 303


Average Collector Pumping Rate During Flow Analysis: 3.7              MGD


2,600          gpm


(1) Average temperature was weighted by flow.
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APPENDIX A 
Grain Size Distribution Data 


 
 


 







Grain Size Analyses (excluding 3/8 inch and greater)
Salem - Geren Island 


SE Collector Well
Lateral 3
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Grain Size Analyses (excluding 3/8 inch and greater)
Salem - Geren Island 


SE Collector Well
Lateral 3
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Grain Size Analyses (excluding 3/8 inch and greater)
Salem - Geren Island 


SE Collector Well
Lateral 5
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Grain Size Analyses (excluding 3/8 inch and greater)
Salem - Geren Island 


SE Collector Well
Lateral 7


0.0


10.0


20.0


30.0


40.0


50.0


60.0


70.0


80.0


90.0


100.0


0.
00


0


0.
01


0


0.
02


0


0.
03


0


0.
04


0


0.
05


0


0.
06


0


0.
07


0


0.
08


0


0.
09


0


0.
10


0


0.
11


0


0.
12


0


0.
13


0


0.
14


0


0.
15


0


0.
16


0


0.
17


0


0.
18


0


0.
19


0


0.
20


0


Pe
rc


en
t P


as
si


ng


Grain Size, inches


Lat-7 10-15 ft


Lat-7 20-25 ft


Lat-7 30-35 ft


Lat-7 40-45 ft


Lat-7 50-55 ft


Minimum


Maximum


Minimum Recommended Slot Size


Maximum Recommended Slot Size


File: Lateral 7 Sieve Forms & Graphs minus 3-8  Print Date: 1/10/2023 Page 7 of 7







Grain Size Analyses (excluding 3/8 inch and greater)
Salem - Geren Island 


SE Collector Well
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Grain Size Analyses (excluding 3/8 inch and greater)
Salem - Geren Island 


SE Collector Well
Lateral 9
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DRAFT Technical Memorandum 


Seasonal Yield Variability of the Southeast Collector Well at Geren Island 


To: Chris Johnson, PE – Carollo Engineers 


Robert Keller, PE – City of Salem 


From: Larry Eaton, RG – Summit Water Resources, LLC 


DeEtta Fosbury, RG – Summit Water Resources, LLC  


Date: March 21, 2023 


1 Purpose 
This technical memorandum provides a summary of recent aquifer testing of the City of Salem’s 


(City’s) Southeast Collector Well (SECW) at Geren Island and presents estimates of how the yield of 


the well is expected to change under different seasonal conditions. Specifically, the analysis 


presented in this technical memorandum takes into account changes in the ambient groundwater 


temperature and groundwater level due to changes in river stage. In general, warmer water has a 


lower viscosity, which results in a higher hydraulic conductivity in the aquifer (greater potential 


yield) and higher groundwater levels provide more available drawdown in the SECW caisson. An 


earlier version of this technical memorandum was shared with Carollo and the City via email on 


March 10, 2023. This version uses the underlying information and analysis provided in the email; 


however, it takes a more conservative approach and only considers the 2,100 gallon per minute 


(gpm) data set collected in early February 2023, since that data set is reliable, and it showed that 


the test reached steady state conditions (a.k.a., equilibrium state). Steady state conditions are 


generally defined as no or very little change (e.g., 0.1 foot) in the groundwater level in the caisson 


during pumping for an extended period of time (several days ideally). 


2 Summary of Aquifer Testing 
Several aquifer tests were conducted by the City and the City’s contractors, Layne and Slayden, at 


the SECW during February 2023. Layne designed and conducted a step-rate test on February 1st and 


constant rate aquifer test on February 2nd-4th. Layne provided an analysis of the data produced from 


these tests, which is summarized below and provided in Attachment A. The City and Slayden 


designed and conducted three additional aquifer tests between February 8th and March 2nd to further 


assess the potential sustainable yield of the SECW. Summit provided technical consultation to the 


City and Slayden for these aquifer tests. The data from these tests is also summarized below and 


the limited analysis that can be completed from these additional data are provided in this 


memorandum. A summary of the February 2023 aquifer testing is provided in Table 1, with more 


detailed descriptions following. 
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Table 1. February 2023 SECW Aquifer Testing Summary 


Test Number 


and Entity 


Conducted 


Aquifer Test 


Type 


Pumping Rate 


(gpm)  


Approximate 


Steady State 


Observed? 


Comments 


Test 1 


Layne 


Step-Rate and 


Constant 
3,200/2,100  Yes 


3,200 gpm failed; 2,100 gpm data usable, but aquifer 


recovery was occurring during pumping at this lower 


rate. Approximate steady state conditions and 50% 


available drawdown observed at end of the test. 


Test 2 


Slayden/City 
Constant 2,100 Yes 


Over 5 days at 2,100 gpm of pumping steady state 


conditions were observed with 50% available 


drawdown at the end of the test. 


Test 3 


Slayden/City 
Constant 2,500 No 


Test cut short after 18 hours due to generator failure. 


Steady state conditions were not observed. 


Test 4 


Slayden/City 
Constant 2,600 No 


Inlet channel north of SECW was drained for 


maintenance which is a recharge boundary to the 


aquifer.1 Steady state conditions were not observed. 


Notes: 


1 Summit staff involved in SECW testing were not aware of the planned maintenance activity of the inlet channel prior to the start of Test 4. Draining the 


channel changed the groundwater dynamics (no recharge north of SECW) which resulted in a change in the drawdown slope and test failure. Even after the 


channel was refilled during the later part of the final test there were too many external influences that affected the data set to observe steady state 


conditions. 


 


2.1 Initial Aquifer Test Memorandum (Layne, February 15, 2023)  
After Test 1 above, Layne submitted a technical memorandum summarizing findings (see 


Attachment A). Key takeaways from the memorandum are summarized below: 


▪ Layne used previous estimates of the aquifer’s transmissivity (400,000 gpd/ft) and hydraulic 


conductivity (20,000 gpd/ft2) to calculate the distance to the line-source recharge boundary 


(South Santiam Channel) of 600 feet. We would like to note that analysis of their drawdown 


plot at 2,100 gpm results in very similar aquifer parameters. 


▪ As noted on page 3 of Layne’s technical memorandum: “The pumping was continued until 


February 4, 2023 at 8:00 PM, by which time the water levels in the collector well and 


adjacent observation wells appeared to have reach equilibrium.” Review of Layne’s analysis 


suggests that the test met the specified requirements for steady state conditions , as defined 


in Layne’s Intermediate Performance Testing Plan, submitted January 31, 2023; however, 


there was uncertainty about whether true steady state conditions were achieved because the 


aquifer water levels were recovering from pumping at 3,200 gpm. The subsequent Test 2 


conducted by Slayden and the City verified the steady state conditions observed while 


pumping at 2,100 gpm. 


▪ As noted on page 4 of Layne’s technical memorandum: “The stabilized production at 2,100 


gpm and the rapid decline in the water levels at 3,200 gpm indicated that the maximum 


yield of the collector well is somewhere between these two rates and likely closer to the 


2,100 gpm value.”  


2.2 Discussion of Supplemental Tests Conducted by Slayden and the City 
Test 2: Slayden and the City conducted a second constant-rate test at 2,100 gpm, starting on 


February 8th, 2023 and continuing for 5.5 days. Steady-state conditions were observed at the end of 







Summit Water Resources, LLC 


A Geo-Logic Company 


Evaluation of Seasonal Changes on the SECW Yield, Geren Island  


City of Salem  Page 3 


the test, with steady-state drawdown of 5.25 feet. This test confirmed that steady-state or near 


steady-state conditions were achieved at the end of Layne’s constant rate test. 


Test 3: Slayden and the City conducted a third constant-rate test at 2,500 gpm, starting on 


February 16th, 2023. Unfortunately, this test ended after 18 hours because the generator shut down. 


Steady-state conditions were not achieved because this test ended early. 


Test 4: Slayden and the City conducted a fourth constant-rate test at 2,600 gpm, starting on 


February 20th, 2023. On February 21st, the City drained the inlet channel north of the SECW for 


maintenance dredging. Unfortunately, Summit staff involved with the SECW testing was not aware 


of this planned maintenance activity prior to beginning the pumping test. Draining the inlet channel 


caused the drawdown in the SECW to steepen, showing that the inlet channel is a significant source 


of recharge to the aquifer around the SECW and that a 2,600 gpm pumping rate would not be 


sustainable with the inlet empty. Pumping continued for several days after the inlet was filled again, 


and the water level recovered to between 8 and 9 feet of drawdown. Our team’s objective was to 


observe steady-state conditions again and obtain the steady-state drawdown at 2,600 gpm, but 


instead we saw substantial fluctuations in the groundwater level that appeared to correspond with 


changes in the inlet channel levels. While Summit had previously observed an aquifer response to 


water level changes in the inlet, the response was muted compared to what we observed during this 


test. It seems reasonable to conclude that the channel dredging effectively changed the connection 


between the channel and the aquifer. The test was terminated after 10 days of pumping because the 


water level fluctuations made it impossible to recognize steady-state conditions. 


2.3 Estimates of Seasonal Changes to Potential SECW Yield 
The City has requested estimates of SECW yield under anticipated seasonal surface and groundwater 


variations using the aquifer data collected to date. Specifically, to estimate how the yield of the 


SECW could change with seasonal changes in the ambient groundwater temperature and changes in 


the groundwater levels as a result of Santiam River stage changes. The following subsections discuss 


our analyses and key results. Supporting figures are provided in Attachment B. 


Temperature 
The Santiam River temperature record for the past 11 years was obtained from the USGS river gage 


in Jefferson1, about 13 miles downriver from Geren Island. The Jefferson gage is the nearest long-


term data source for Santiam River temperature. Based on the available data, the Santiam River 


temperature appears to range between 2 and 10oC from Oct/Nov to Apr/May, and between 10 and 


22oC during the warmer months, with peak temperatures occurring in late Summer. Groundwater 


temperatures tend to be more stable and less sensitive to changes in the weather, so 5oC and 10oC 


were selected to conservatively represent cold and warm groundwater conditions. 


Groundwater Levels 
Based on previous observations, water levels in the aquifer have a strong but dampened correlation 


with river stage. The river stage record for the past 11 years was obtained from the USGS river gage 


in Mehama2, about 7 miles upriver from Geren Island. The monthly average of daily minimum river 


stage was used as a proxy for seasonal changes in groundwater level. The minimum monthly 


average observed in the past 11 years was 0.5 feet lower than the average observed during the 


February pumping tests. The annual minimum levels typically occur in August. To conservatively 


 
1 USGS 14184100 NORTH SANTIAM R AT GREENS BRIDGE, NR JEFFERSON, OR 
2 USGS 14183000 NORTH SANTIAM RIVER AT MEHAMA, OR 



https://waterdata.usgs.gov/nwis/inventory/?site_no=14184100

https://waterdata.usgs.gov/nwis/inventory/?site_no=14183000
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represent low-water conditions, the available drawdown of SECW was decreased by one foot. To 


represent high-water conditions, the available drawdown of SECW was increased by two feet.  


Seasonal Yield Estimates 
Seasonal estimates of yield from the SECW were developed for five different pumping scenarios, 


using 2,100 gpm as a conservative baseline yield because steady-state conditions were observed 


while pumping at 2,100 gpm during Tests 1 and 2. Results for the five pumping scenarios are 


summarized below in Table 2. Note that the seasonal estimates would change proportionally to a 


change in the “baseline” yield; e.g., if the baseline sustainable yield were shown to be 20% greater 


than 2,100 gpm, then the estimated yield for each seasonal scenario would increase by 20%.  


Table 2. SECW Seasonal Yield Estimates 


Pumping Scenario 
Temperature 


(oC) 


Available 


Drawdown  


(ft) 


Estimated 


Yield 


(gpm) 


Estimated 


Yield 


(MGD) 


Yield Change Due to 


Temperature/Viscosity  


(%) 


Testing Conditions (Feb 2023, Test 2 data) 5 11 2,100 3.0 0% (Baseline) 


Winter Low-Water 5 10 1,975 2.8 - 6.0% 


Winter High-Water 5 13 2,311 3.3 +10.0% 


Summer Low-Water 10 10 2,295 3.3 +9.3% 


Late Spring / Early Fall (warmer/higher water) 10 13 2,685 3.9 +27.9% 


Notes: 
oC = degrees Celsius  


ft = feet  


gpm = gallons per minute  


MGD = million gallons per day 


 


As discussed above, the sustainable yield of the SECW is likely to be greater than 2,100 gpm (under 


similar testing conditions), but these estimates were developed starting at a baseline of 2,100 gpm 


because this is the only rate that has been demonstrated to be sustainable through direct 


observation during aquifer testing. Although steady-state conditions could not be verified during Test 


4, it is possible that 2,600 gpm is a sustainable pumping rate for the SECW. A projection of the 


drawdown trend observed before the inlet channel was drained suggests that pumping at 2,600 gpm 


could be sustained for two months, if not longer. If 2,600 gpm were shown to be sustainable under 


the baseline testing conditions, the range of yields due to seasonal variations is estimated to be 


2,445 to 3,325 gpm (3.5 to 4.8 MGD).  
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3 Summary  
It is important to point out that the yield estimates presented in Table 2 are based on analysis of 


short-term aquifer testing data (days) and rely on using analytical tools to draw conclusions about a 


very complex and dynamic hydrogeologic system at Geren Island. The estimates presented in Table 


2 are based on the most reliable data obtained during testing at 2,100 gpm (Test 2). We concur with 


Layne’s conclusion that the SECW may be able to yield a pumping rate somewhere between 2,100 


gpm and 3,200 gpm. However, based on all of the available testing data, we anticipate the yield will 


most likely be closer to 2,100 gpm as compared to Layne’s incomplete aquifer test attempted at 


3,200 gpm. The supplemental tests conducted by Slayden and the City provided two valuable 


observations: 


1. Test 2 verified Layne’s conclusion that 2,100 gpm is a sustainable rate for long-term pumping 


of the SECW. 


2. Test 4 demonstrated that the inlet channel is a significant source of recharge to the aquifer 


near the SECW. Maintaining flow through the channel when pumping the SECW will support 


higher sustained yields, and much lower yields than those estimated in Table 2 should be 


expected when the channel is drained. 


4. Uncertainties / Data Gaps: 
The potential yields presented in this TM are based on the conditions encountered during testing, 


and sources of uncertainty include the following: 


▪ During Test 2, SECW appears to have reached steady state conditions after pumping for 


more than 5 days at 2,100 gpm. This condition could possibly change over longer term 


pumping due to the dynamic variability of other influences, such as changes in the river 


stage, precipitation, inlet channel levels, etc. 


▪ Recent dredging of the inlet channel, and for that matter future dredging of the inlet, may 


alter the groundwater system near the SECW site with unpredictable variability in yield, 


compared to testing conditions described in this memorandum.  


▪ The effects of the new caisson/infiltration gallery pumping station and operational changes 


have on the current groundwater conditions compared to the original (2019) testing 


conditions have not been evaluated. 


▪ The effects of Filter 2 improvements currently in progress on groundwater levels or 


gradients are unknown. 
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To:  Rob Bechtloff, Slayden  
From:  Matt Reed & Jay Bell, Ranney Collector Wells 
Re:  City of Salem, Oregon 
  Geren Island SE Collector Well 
Date:  February 15, 2023 
 
RE:  Performance Testing Results 
 
PROJECT SUMMARY 
The City of Salem, Oregon (City) is completing the installation of a new Horizontal Collector Well.  The 
well is constructed in the alluvial deposits on Geren Island, adjacent to the Santiam River.  Ranney 
Collector Wells (Ranney), a division of Layne Christensen Company (Layne), under subcontract to 
Slayden Construction is completing the below ground components of this project, which include the well 
caisson and lateral screens. 
 
The collector well consists of a 20‐foot ID reinforced concrete caisson that was fitted with nine cast in 
place lateral port assemblies.  The centerline of the lateral port assemblies is approximately elevation 
459.9 feet above mean sea level, as shown on the attached figure.  Lateral installation has been 
attempted in all nine of the original ports using a specifically designed lateral drilling system, with 
varying success (see Figure 1 for the as‐built plan and section of the well).   
 
The performance test described below was conducted to assess the yield of the SE Collector Well as 
currently constructed.  Specifically, the testing will target identifying the steady state pumping rate of 
the SE Collector well as defined by stable pumping water levels (assuming no change in the level of the 
Santiam River) or pumping levels that respond to changes in the Santiam River level, while accounting 
for river efficiency and time lag as identified in the background data. 
 
TESTING PROCEDURES 
The following section details the procedures for the well performance test.  The testing procedures were 
developed in general accordance with the Section 13 26 10, Parts 3.8 and 3.9 of the project 
specifications.  It should be noted that the testing was conducted at reduced rates and times than are 
identified in Section 13 26 10.  All testing was conducted under the supervision of an experienced 
Ranney hydrogeologist, and consisted of the following: 
 


 A background water level monitoring period.  


 A 4‐hour multiple‐rate step drawdown test. 


 A recovery period. 


 A 60‐hour constant‐rate pumping test. 


 A 36‐hour recovery period. 
 


Ranney Collector Wells 
Columbus, Ohio 


614.888.6263 
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The pumping tests were conducted on the well to determine its installed capacity.  Actual testing 
proceeded in two phases, with the first portion of the test pumping involving a 4‐hour multiple‐rate step 
test, conducted in steps of approximately one‐hour in duration at increasing rates of discharge.  The 
step test was evaluated to determine the relative efficiency of the pumping well, confirm the proper 
operation of all equipment and wells, and determine the discharge rate for the subsequent constant‐
rate test.  The constant‐rate test results were used to assess the long‐term yield of the collector. 
 
Two (2) temporary submersible pumps (Gorman Rupp S8A) were installed for the performance testing.  
The pumps were plumbed into separate discharge lines, with the pumping rate for each pump being 
determined by an 8‐inch inline flow meter (equipped with an instantaneous readout and totalizer).  The 
pumped discharge was conveyed to the Santiam River to prevent recirculation.    
 
For the collector well performance testing, the points that were monitored by Ranney during testing 
included the following: 
 


 SE Collector Well  


 Temporary staff gauge (North Santiam River, South Channel level); and   


 Observation Wells: SEC‐1, SEC‐2 and C2 
 


The approximate locations of the observation points are shown in Figure 2.  The stage of the south 
channel of the North Santiam River was monitored with a temporary staff gage installed near the 
existing collector well site.  Water levels were measured using direct read electric water level tapes with 
measurements made to the nearest 0.01 foot from a referenced surveyed point (i.e. top of casing).  
Water levels were also automatically recorded in the collector well caisson, observation wells and staff 
gage using computerized data acquisition units and transducers manufactured by In‐Situ, Inc.  The water 
level data logging units recorded water levels at 1‐minute intervals during the constant‐rate test 
pumping and recovery periods.  The on‐site Santiam River measurements were augmented with data 
from the U.S. Geological Survey (USGS) river gage station at Mehama, Oregon (Station Number 
14183000).   
 
BACKGROUND PERIOD 
Background data collection for the collector well performance testing was started on January 31, 2023 
by installing water level data recorders in the monitoring wells.  Figure 2 presents hydrographs for 
selected wells at the collector well site during the background and the complete testing period.   
 
At the start of the background monitoring period the surface elevation of the Santiam River at the on‐
site staff gage was about 477.2 feet.   As shown in Figure 3, groundwater levels at the site were below 
the surface elevation of the Santiam River at the staff gage.  The groundwater level at the observation 
well (SEC‐1) located closest to the south channel of the river was about 1.5 feet below the river surface 
at the site.  Overall, the groundwater levels ranged from 0.5 to 1.5 feet below the river surface level and 
indicated a groundwater flow gradient across the site to the southwest.   
 
During the background and pumping periods, the Santiam River level was relatively consistent at an 
elevation of about 477.2 feet.  About halfway through the recovery period the river level began to 
gradually rise.  By the end of the recovery period the river had risen to an elevation of about 477.6 feet.  
The corresponding discharge measurements obtained from the USGS North Santiam River station at 
Mehama, OR during the background through recovery period ranged from 1,310 to 2,280 cubic feet per 
second (cfs).   
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MULTIPLE‐RATE TEST RESULTS 
Following the background period, the first portion of the test pumping involved a multiple‐rate 
performance test.  The multiple‐rate step test was started on February 1, 2023 at 09:20 AM.  The 
pumping period for the 2nd step was extended due to a brief shutdown of one of the pumps during the 
step.  A summary of the multiple‐rate test results is presented below table.  A semi‐logarithmic plot 
showing the time‐drawdown relationship in the collector well is presented in Figure 4. 


 
Step‐Drawdown Pumping Test Summary 


         


Step 
Step 


Duration 
Pumping 
Rate 


Depth to 
Water at End 
of Step (1) 


Water 
Elevation 


Observed 
Drawdown in 
Collector at 
End of Step 


Observed 
Specific  
Capacity 


Specific 
Capacity 


Adjusted for 
Dewatering (2) 


   (minutes)  (gpm)  (feet)  (feet)  (feet)  (gpm/feet)  (gpm/feet) 


Static        10.88  476.42          


1  60  1,000  12.03  475.27  1.15  870  895 


2  70  2,100  13.60  473.70  2.72  772  828 


3  60  3,250  16.09  471.21  5.21  624  717 


4  100  4,200  19.80  467.50  8.92  471  606 
         


1) Depth to water from top of caisson above Lateral #9.  Measuring point elevation = 487.3 feet. 


2) Specific Capacity values were adjusted for dewatering assuming an aquifer thickness of 20 feet. 


 
The test was evaluated to determine the relative efficiency of the pumping well and confirm the 
discharge rate for the subsequent constant‐rate test.  
  
CONSTANT‐RATE TEST RESULTS 
The constant‐rate test pumping period was started on February 2, 2023 at 8:00 AM at a pumping rate of 
3200 gpm after concurrence with the City’s hydrogeological consultant.  Figure 5 depicts hydrographs of 
the observed water levels for the collector well, the observation wells during the constant‐rate test, 
with the observed water levels and water level changes being summarized in the table below.  Figure 6 
presents semi‐log plots of the observed drawdown for the collector well and observation wells during 
the constant‐rate test.   
    
The slope of the drawdown increased/steepened for the later portion of the pumping period conducted 
at 3200 gpm.  The steepening of the drawdown plot occurs after the effects of gravity drainage for the 
unconfined aquifer should have dissipated.  A possible explanation for the steepening drawdown is that 
the expanding cone of depression encountered an impervious (negative) boundary.  The drawdown 
slope also appeared to increase in the observation wells to the north of the collector well, indicating 
that the negative boundary is located north/northwest of the collector well.   
 
With the increased rate of drawdown, the pumping level in the collector well approached the specified 
minimum drawdown elevation 465 feet for the performance test at the initial rate of 3200 gpm.  At this 
point (26½ hours), the pumping rate was reduced to 2100 gpm and maintained at this rate for the 
remainder of the performance test.  The pumping was continued until February 4, 2023 at 8:00 PM, by 
which time the water levels in the collector well and adjacent observation wells appeared to have reach 
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equilibrium.  At this time the pump was turned off and recovery of water levels was monitored until the 
morning of February 6th.  Water levels observed during the constant‐rate test are summarized below.            
 


 
 
The SE site aquifer transmissivity had previously been estimated to be about 400,000 gpd/ft, with the 
hydraulic conductivity value being 20,000 gpd/ft2 based on an aquifer thickness of 20 feet.  Utilizing 
these aquifer parameters along with the recent stabilized pumping conditions, the effective a‐distance 
to a line source of recharge (river) was estimated to be about 600 feet during testing at a rate 2100 gpm.  
At 600 feet, the effective distance to recharge extends out beyond the far side riverbank of the south 
channel of the Santiam River.    
 
The results of the performance test indicate that negative boundary and lower recharge conditions are 
adversely influencing the production from the collector well.  The stabilized production at 2100 gpm and 
the rapid decline in water levels at 3200 gpm indicate that the maximum yield for the collector well is 
somewhere between these two rates and likely closer to the 2100 gpm value.   
 
The above aquifer parameters and performance test results were utilized with the Hantush & 
Papadopulos collector well yield equation to evaluate the potential of adding additional laterals.  The 
theoretical gain of adding two (2) 50‐foot long laterals was less than 100 gpm.       
 
LATERAL FLOW ANALYSIS RESULTS 
Approximately 2 hours after the start of the constant‐rate test pumping period, a diver entered the well 
and collected data to evaluate relative lateral flow and water temperatures.  The table below presents 
the results of the lateral flow analysis.   
 


Observed 


Change 


after


Water 


Elevation 


after


Observed 


Change 


after


Water 


Elevation 


after


Observed 


Residual  


Change 


after


Water 


Elevation 


after


26.5 hrs 26.5 hrs 60 hrs 60 hrs 36 hrs 36 hrs


(feet) (feet) (feet) (feet) (feet) (feet) (feet) (feet) (feet) (feet) (feet) (feet)


SE CW 487.30 11.12 476.18 22.07 10.95 465.23 16.23 5.11 471.07 10.55 ‐0.57 476.75


SEC‐1 488.48 12.93 475.55 17.00 4.07 471.48 15.33 2.40 473.15 12.45 ‐0.48 476.03


SEC‐2 489.60 13.11 476.49 18.02 4.91 471.58 16.14 3.03 473.46 12.46 ‐0.65 477.14


C2 486.59 10.97 475.62 13.72 2.75 472.87 13.02 2.05 473.57 10.50 ‐0.47 476.09


No. 1 488.91 12.74 476.17 16.75 4.01 472.16 15.38 2.64 473.53 12.17 ‐0.57 476.74


M2 488.73 12.10 476.63 15.56 3.46 473.17 14.57 2.47 474.16 11.44 ‐0.66 477.29


Staff Gage 478.7 1.48 477.22 1.45 ‐0.03 477.25 1.45 ‐0.03 477.25 1.13 ‐0.35 477.57


Pumping started on 2/2/23 at 08:00 hrs  and ended on 2/4/23 at 20:00 hrs.


Pumping rate was  maintained at an average rate of 3200 gpm for first 26.5 hours.  


Rate was  then reduced to 2100 gpm for the remainder of the pumping period


Depth to 


Water 


after 


26.5 hrs


Depth to 


Water 


after      


60 hrs


Depth to 


Water 


after     


36 hrs


Constant‐Rate Aquifer Test Summary


Salem ‐ Geren Island


Recovery Levels


Boring ID


Reference 


Elevation


Initial  


Water 


Level


Static 


Water 


Elevation


Static Levels Q = 3200 gpm Q = 2100 gpm
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The lowest flow was from Lateral 2, which was only installed to a length of 8 feet.  Excluding this short 
lateral, the lateral flow configuration was relatively uniform ranging from 13% to 26%.  The variation in 
water temperature from the individual laterals was consistent with temperatures ranging from 48.3o F 
to 49.2o F.  The temperature of the Santiam River during performance testing averaged was 41 ° F. 
 
SAND PRODUCTION TESTING 
To determine the adequacy of development, Ranney measured the sand production utilizing a 
centrifugal sand separating device (Rossum Sand Tester) attached to one of the pump discharge lines.  
The sand production results a summarized in the table below.  As shown, all of the individual sand 
content measurements were well less than the 2 ppm limit.   
 


 


Lateral Flow Analysis ‐ February 2, 2023


Total   As‐Built Total  Blank  Lateral  Screen Lateral Relative Water Per Cent Average Flow, 


Lateral Lateral  Length, feet Length Length Diameter Lateral  Velocity  Temperature of Total per length of screen


No. from inside wall (feet) (feet) (inches) (kilometers/hr) (
o
 F) Flow (gpm per foot)


2 8 0 8 12 0.10 49.8 1.2% 5.0


3 70 10 60 12 2.05 48.7 25.5% 13.6


5 20 15 5 12 1.10 49.2 13.7% 87.5


6 60 30 30 12 1.20 48.5 14.9% 15.9


7 60 10 50 12 1.10 48.7 13.7% 8.7


8 60 10 50 12 1.10 48.3 13.7% 8.7


9 20 5 15 12 1.40 47.8 17.4% 37.1


Average 43 31 48.5
 (1)


Total 298 218


Average Collector Pumping Rate During Flow Analysis: 4.6              MGD


3,200         gpm


(1) Average temperature was weighted by flow.


Performance Test Sand Content Results


Sampling Start Time


Time of 


Reading


Elapsed 


Time 


(minutes)


Discharge 


Rate 


(gpm)


Sand 


Volume 


(ml)


Sand 


Content 


(ppm)


Step‐Test (4
th
) 2/1/2023 12:12 2/1/2023 13:32 80 4200 0.02 0.13


Constant Rate 2/2/2023 10:30 2/2/2023 11:35 65 3200  < 0.01 trace


2/2/2023 13:30 180 3200 < 0.01 trace


2/2/2023 15:45 315 3200 < 0.01 trace


2/3/2023 7:50 1280 3200 < 0.01 trace


2/3/2023 17:50 1880 2100 0.02 0.01


2/4/2023 10:20 2870 2100 0.05 0.01


2/4/2023 10:25 2/4/2023 17:20 415 2100 < 0.01 trace
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CONCLUSION AND RECOMMENDATIONS 
The maximum sustained yield of the SE Collector Well is between 2100 and 3200 gpm.  The sustained 
yield will most likely vary due to changes in the stage and temperature of the South Channel of the 
North Fork of the Santiam River and other ground water extraction on Geren Island.  Analysis indicates 
the sustained rate may be increased by less than 100 gpm if two additional laterals are installed with 
individual lengths of 50 feet. 
 
Based upon the results of the testing, we recommend that the existing laterals be further developed to 
maximize their hydraulic efficiency.  We do not recommend that additional laterals be installed.  
Following that development, a full final report would be developed that includes lateral screen as‐built 
information, diver video, and raw water level data collected during testing. 
 
If the City chooses to use the SE Collector Well as a centralized pumping station collecting the pumpage 
from nearby newly installed vertical wells, we recommend that a detailed groundwater flow model of 
Geren Island be developed so that those potential pumping scenarios can be simulated.  That model 
should be sufficiently detailed to account for groundwater extraction elsewhere on the island and to 
simulate varying conditions in the North Fork of the Santiam River. 
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Figure 3
Performance Test Hydrographs
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Figure 4
Step‐Drawdown Time‐Drawdown Plot
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Figure 5
Performance Test Hydrographs
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Figure 6
Constant‐Rate Time‐Drawdown Plot
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Attachment B 
Temperature and Water Level Select Figures 
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Long-Term Projection of Drawdown at 2,600 gpm (Test 4)
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APPENDIX C 
Performance Test #1 and #2 


Manual Measurements 
  







































































































APPENDIX D 
Gate Valves and Lateral Images 


  







SE Collector Well Lateral Images
City of Salem, Oregon


Lateral #2 and #3 Valves (typical) Port #1 - Blind Flange


Port #4 - Blind Flange Lateral #2







SE Collector Well Lateral Images
City of Salem, Oregon


Lateral #3 Lateral #5


Lateral #6 Lateral #7
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