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1 About This Plan 
This plan has been prepared using standard hydrogeologic practices for pump-

ing tests and data analysis with the goal of estimating the hydraulic properties 

of the shallow alluvial aquifer beneath a portion of the Eastside area of Milton-

Freewater, Oregon. This plan is intended to be used as the quality assurance 

project plan (QAPP) for the pumping test procedures and subsequent data 

analysis. 

2 Distribution 
One copy of this plan is on file with each of these entities: Ecology, Walla 

Walla Basin Watershed Council (WWBWC), and Northwest Land & Water 

(NLW).  A copy will be available to the sub-contractor(s) should they partici-

pate in the pumping tests. 

3 Background 
The Eastside area of Milton-Freewater lies along the east bank of the Walla 

Walla River (WWR) approximately bounded to the south (upstream) by 

LeFore Road, to the north by Stateline Road (downstream). The area of focus 

for this current project—the Eastside Aquifer Storage and Recovery (ASR) 

project—is a subset of the Eastside area defined by LeFore Road to the south, 

Telephone Road to the east, Stiller Lane to the north (location of the ‘Frank’ 

well), and the WWR to the west (Figure 1). 

Historic channelization of the WWR and decades of groundwater withdrawals 

for irrigation have locally depleted the uppermost alluvial aquifer beneath the 

Eastside area. This has reduced storage and groundwater levels which, in turn, 

has reduced the availability of water to local domestic and irrigation wells, and 

reduced groundwater discharge (baseflow) to the WWR and other local 

streams. 

An Eastside ASR project would help replenish the uppermost aquifer making 

groundwater more available to local wells and seasonally to the WWR and 

other streams. In order to ascertain a suitable recharge site or sites for ASR, it 

is necessary to characterize the geologic and hydraulic properties of the aquifer 

in the Eastside area. Work in 2014 and 2015 included the drilling/construction 

of the five boreholes/monitoring wells (Figure 1). The logs from these moni-
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toring wells (NLW, 2015) indicate substantial vertical and laterally variability 

in the sediment texture and variability in the depth and thickness of the shallow 

alluvial aquifer.  

3.1 Hydrogeology 

Specifically, the hydrostratigraphy encountered from ground to depth at the 

five boreholes (Figure 1) is summarized as follows: 

 An upper layer of soil consisting of silt, locally with gravels, 2 to 6 feet 

thick 

 An unsaturated zone of loose, and locally compact, silt and gravel, 20 

to 60 feet thick 

 A saturated zone of loose, and locally compact, silt, sand, and gravel, 5 

to 35 feet thick; depth to water varies from approximately 20 to 65 feet. 

 A dry to damp layer of very compact silt and gravel, over 20 feet thick 

Two water-bearing zones were encountered at the GW_162/163 site (Figure 

1). They are separated by an 11-foot thick, soft, clayey silt. This clayey silt is 

competent and extensive enough at this location to cause a difference in 

groundwater levels. 

4 Pumping Tests and Analysis 
Multiple pumping tests are proposed to characterize the hydraulic properties of 

the shallow alluvial aquifer and to understand its spatial variability. This will 

be accomplished by pumping existing irrigation wells and recording the 

groundwater level response in the monitoring wells (Figure 1). The goal is to 

obtain spatially distributed time-series data of pumping and corresponding 

groundwater level response. The data will be used to estimate aquifer parame-

ters—parameters that will be ultimately be part of a feasibility analysis of ASR 

in the Eastside area. 

4.1 Objectives 

The pumping test and data analysis goals will be met through the following ob-

jectives and work flow approach: 

 Select existing irrigation wells with well owner/operator buy-in and ret-

rofitting wells, as needed, to collect pumping and water level data 
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 Pump the select irrigation wells prior to, and at beginning of this (2016) 

irrigation season with a request to other nearby irrigators to “not 

pump”, to the extent possible, during the pumping tests; monitor 

groundwater levels in five monitoring wells 

 Remove water level data trends that may confound the aquifer parame-

ter estimation; such confounding trends may result from WWR stage 

changes, irrigation wells pumping, and/or areal recharge 

 Analyze the de-trended pumping test data to estimate aquifer parame-

ters of transmissivity, hydraulic conductivity, storage coefficient, and 

specific storage 

 

4.2 Methods 

4.2.1 Select Irrigation Wells and Proposed Retrofit 

Five irrigation wells selected for use as pumping test wells are shown in Table 

1. Well owners for three of five have agreed to participate. We plan to discuss 

participation from two additional well owners during the week of February 29. 

Other work in progress includes assessing wellhead configurations and then 

retrofitting these wellheads to accommodate pumping and/or water level access 

equipment. For all wells except the Eastside school well, we would use the ex-

isting well pumps; for the Eastside school we will either use the existing pump 

or install larger capacity temporary pump. We anticipate knowing whether or 

not each of these five wells can be used as pumping test wells by March 4.  

4.2.2 Pumping Tests, Data Collection, and Discharge Water  

For each pumping test the pre-, during-, and post-pumping-test periods will in-

clude logging pumping rate and water level data according to the frequencies 

shown in Table 2. The pumping duration will vary from hours to a day and 

depend in part of the irrigator’s pumping schedule, where the water is dis-

charged, and the effect the discharge water has on recharging the shallow (test-

ed) aquifer. Other factors that will affect the pumping duration includes how 

long neighboring irrigators can “hold off” on pumping their irrigation wells.   

 

 

 

Pumping rate data at each tested irrigation well will be logged using an ultra-

sonic “clamp-on” type of flow meter. The meter and model is: 
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 BM Technologie Industriali, Model TTFM100B-HH-NG 

It will be installed 10 discharge pipe diameters downstream and 5 pipe diame-

ters upstream of bends or non-smooth inner pipe surfaces. The Eastside school 

well test will also feature an orifice plate / manometer apparatus to measure 

flow rate. 

Water level data in the pumping wells (assuming access can be configured) 

will be logged and measured using either: 

 AquiStar PT2X Submersible Pressure/Temperature Smart Sensors 

Or 

 Van Essen Instruments Micro Divers 

Water level data in the five existing ‘GW’ monitoring wells is currently being 

recorded using: 

 Solinst Levelogger Model 3001 Pressure/Temperature Sensors 

Water level data in the pumping and each GW wells will also be measured us-

ing a calibrated electronic sounder. These manual measurements will be made 

on a minute to hour frequency at the pumping well and the nearest GW moni-

toring well. Manual measurements will also be made at the other GW monitor-

ing wells at least once during each of the pre-, during-, and post-pumping peri-

ods. 

4.2.3 Data Trend Removal 

To the extent necessary we will remove water level data trends observed in the 

pre-, during-, or post-pumping test data that are caused by stresses other than 

the pumping at each irrigation well. The goal is process the water level data so 

that pumping signal is apparent in the water level data, and that these data can 

be analyzed to estimate aquifer parameters. Different methods exist for accom-

plishes this—one such method include developing hydraulic response function 

and using these functions to deconvolved (i.e. remove the “noise” in the water 

level data).  

We will graphically plot the data to examine the trends and then select an ap-

propriate method to process the data. 

 

4.2.4 Estimate Aquifer Parameters 

Aquifer parameters of transmissivity, hydraulic conductivity, storage coeffi-

cient, and specific storage will be estimated using the “processed” data (if de-

trending is necessary) or directly from the logged pumping rate and water level 
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data. We will use standard estimation methods with a time-series pumping rate 

history. Standard Theis or Jacob methods will likely suffice if tests are on the 

order of hours. However, if test durations are a day or longer and result water 

draining predominately form pore-space, then we will use unconfined aquifer 

methods to estimate transmissivity and specific yield. 

Using the pumping well specific capacities, estimated aquifer parameters, and 

the hydrogeologic cross sections (developed under a separate project task) we 

will produce an assessment of sub-areas that have potential for successful stor-

age of water. This assessment will include graphics (maps and cross sections) 

and a table showing criteria that ranks sub-areas for water storage within the 

Eastside focus area.  

 

5 Data Quality 
The primary data quality objective of accurate water level sensor data will be 

met by comparing manual water level measurements with the sensor logged 

data. The manual data will be plotted with the sensor data to verify that chang-

es in water level for pre-, during-, and post-pumping period are consistently re-

flected in both the manual data and sensor data. For the Eastside school pump-

ing test we will configure the discharge line with both the clamp-on meter and 

the orifice plate / manometer apparatus. This setup will provide a means of 

comparing pumping rate with two measurement methods. 

6 Organization & Schedule 
The following are the project participants and their respective roles: 

Client:   

    Steven Patten, WWBWC 

    810 S. Main Street, Milton-Freewater, OR 97862 

    Phone 541-938-2170 

 

Role:  Provide area knowledge, field and technical support  
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Field and Data Analysis Project Manager: 

    Jim Mathieu, Northwest Land & Water, Inc. 

    6556 37th Ave NE, Seattle, WA 98115 

    Phone 206-525-0049 

 

Role:   Manage all field testing and data analysis 

 

 

The field work for this project is expected to occur during March and April 

2016. Data analysis and reporting will be complete by June 30, 2016.  
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Table A1. Retrofit/Test Status as of January 2017 - Table 1. Existing Irrigation Wells, Proposed Retrofit, and Discharge Water Location

Well Log ID

Casing 

Diameter 

(in)

Depth 

to 

Water 

(ft)

Screen 

or Perf 

Top (ft)

Screen 

or Perf 

Bottom 

(ft)

Well 

Depth 

(ft)

Pumping 

Test # Status of Well Retrofit or Pump Configuration Discharge Water To:

Project 

Test

53647 8 34 80 110 120 1 Place 1-in ID access tube in well
Irrigation system or 

Adjacent field

No, owner 

declined

5239/5229 8 28 40 60 64 2 Placed 1-in ID access tube in well Irrigation system
Yes, 

traditional

6475 10/8 100 100 240 240 3
Installed flow datalogger; access tube 

obstructed on downhole pump equipment
Irrigation system

Yes, 

passive

1111 8 33 90 95 95 4
Set temporary pump with 2 access tubes and 

Jwave flow meter
Adjacent field

Yes, 

traditional

50473 8 38 53 105 105 5 tbd after 2/29 site visit Irrigation system
No, owner 

declined

56140 8 41 41 95 185 6
Used existing pump and manual water level 

access

Irrigation system, 

adjacent field

Yes, 

traditional

GW_152, 

160,161,162,

163
2 7 NA NA

Yes, slug 

"in" and 

"out"

M4 and 

GW_152, 

160,161,162,

163

2 8 NA NA
Yes, 

passive 

(HT)

NA - not applicable

tbd = to be determined

varies, see well logs, App B

varies, see well logs, App B
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Figure A1.  Well 1111 Test QA:
Sensor v Manual Data



Date / Time Jwave (gpm)

Drum & Watch 

(gpm)

11/8/2016 15:14:30 74.0 ---

11/8/2016 15:20:00 --- 80.0

11/8/2016 15:30:00 --- 79.4

11/8/2016 15:31:30 74.1 ---

11/8/2016 15:43:30 74.1 ---

11/8/2016 15:46:00 --- 78.8

11/8/2016 16:01:30 73.9 ---

11/8/2016 16:05:00 --- 80.1

11/8/2016 16:18:00 73.8 ---

11/8/2016 16:20:00 --- 81.4

Average Flow Rate 74.0 79.9

Flow Rate Difference

Note: Drum was filled to 30 galllon calibration

6.0

Table A2.  Flow Rate Comparison: Jwave Ultrasonic Meter 

versus Drum & Stop Watch, Well 1111 Test
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Figure  A2.  Well 5239 Test QA: 
Sensor v Manual Data
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Date / Time

Depth to Water 

(feet, bmp)

Pumping Rate, 

Jwave (gpm) Note

11/7/2016 15:11:00 33.53 0.0 Static dtw

11/7/2016 15:14:00 7.7 Pump on

11/7/2016 15:15:00 34.18

11/7/2016 15:16:45 34.21

11/7/2016 15:18:00 34.22

11/7/2016 15:20:00 32.6 Q up

11/7/2016 15:21:00 37.00

11/7/2016 15:22:00 37.09

11/7/2016 15:25:00 37.14

11/7/2016 15:26:00 37.17

11/7/2016 15:28:00 75.0 Q up

11/7/2016 15:29:00 44.00

11/7/2016 15:30:00 44.11

11/7/2016 15:30:50 44.31

11/7/2016 15:33:45 44.30

11/7/2016 15:36:30 Pump off

Table A3.  Step-Rate Test Data, Well 1111 Test



   

Appendix B:  Well Logs 

 

Contents: 

 

1. Cross Section A - A’ Well Logs (UMAT….): 

4566 

4517 

4581 

4619 

5656 

56099 

5805 

GW_162 

1111 

GW_160 

GW_152 

6475 

 

2. Cross Section B – B’ Well Logs (UMAT….): 

5197 

5202 

56217 

5199 

GW_161 

56140 

5239 

5229 

55991 

5116 

GW_152 

 

3. Cross Section C – C’ Well Logs (UMAT….): 

5805 

GW_162 

GW_163 

1111 

 

4. Cross Section D – D’ Well Logs (UMAT….): 

5199 

GW_161 

56140 

5239 

5229 

5225 

5232 

















UMAT 5199

nortonlk
Note
Section number changed from 30 to 31 at request of Ken Dowden, Pendleton office 1/9/2008.  This log can also be found by specifying Township 6N Range 36E Section 31























UMAT 55991



UMAT 56099



UMAT 56140



UMAT 56217

























   

Appendix C:  Pumping and Slug Test Analysis Graphs 
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EASTSIDE SCHOOL WELL TEST

Data Set:  C:\...\ESW_detrended_fullpene_earlytime_dd.aqt
Date:  03/11/17 Time:  15:48:40

PROJECT INFORMATION

Company:  NLW 
Client:  WWBCW 
Project:  1601 
Location:  Eastside 
Test Well:  1111 
Test Date:  11/9/16

AQUIFER DATA

Saturated Thickness:  5. ft Anisotropy Ratio (Kz/Kr):  1.

WELL DATA

Pumping Wells
Well Name X (ft) Y (ft)
ESW 0 0

Observation Wells
Well Name X (ft) Y (ft)

ESW 0 0

SOLUTION

Aquifer Model:  Confined Solution Method:  Cooper-Jacob

T = 2.809E+4 gal/day/ft S = 6.359E-13

Figure C1.  Well 1111 Drawdown
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LEAKY ANALYSIS

Data Set:  C:\...\GW_162_detrended_dd.aqt
Date:  03/11/17 Time:  16:48:34

PROJECT INFORMATION

Company:  NLW
Client:  WWBCW
Project:  1601
Location:  Eastside
Test Well:  ESW
Test Date:  11/9/16

SOLUTION

Aquifer Model:  Leaky
Solution Method:  Neuman-Witherspoon

T  = 2.809E+4 gal/day/ft
S  = 0.0001193
r/B = 2.
ß  = 0.5
T2 = 1.11E+4 gal/day/ft
S2 = 0.0008957

AQUIFER DATA

Saturated Thickness:  25.18 ft Anisotropy Ratio (Kz/Kr):  1.
Aquitard Thickness (b'):  1. ft Aquitard Thickness (b"):  1. ft

WELL DATA

Pumping Wells
Well Name X (ft) Y (ft)
ESW 0 0

Observation Wells
Well Name X (ft) Y (ft)

GW_162 0 261

Figure C2.  Well GW_162 Drawdown
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DRAWDOWN IN GW_162 AND GW_163

Data Set:  C:\...\GW_162_detrended_dd - GW_163_dd.aqt
Date:  05/31/17 Time:  23:09:45

PROJECT INFORMATION

Company:  NLW
Client:  WWBCW
Project:  1601
Location:  Eastside
Test Well:  ESW
Test Date:  11/9/16

AQUIFER DATA

Saturated Thickness:  5.4 ft Anisotropy Ratio (Kz/Kr):  1.
Aquitard Thickness (b'):  1. ft Aquitard Thickness (b"):  1. ft

WELL DATA

Pumping Wells
Well Name X (ft) Y (ft)
ESW 0 0

Observation Wells
Well Name X (ft) Y (ft)

GW_162 0 261
GW_163 0 260

Figure C3.  Well GW_162 and GW_163 Drawdown

GW_163

GW_162
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WELL 5239 TEST

Data Set:  C:\...\Q_5239_DD_5239_CJ_early.aqt
Date:  03/28/17 Time:  16:24:50

PROJECT INFORMATION

Company:  NLW
Client:  WWBWC
Project:  1601
Location:  M-F, OR
Test Well:  5239
Test Date:  5/3/16

AQUIFER DATA

Saturated Thickness:  20.7 ft Anisotropy Ratio (Kz/Kr):  1.

WELL DATA

Pumping Wells
Well Name X (ft) Y (ft)
5239 0 0

Observation Wells
Well Name X (ft) Y (ft)

5239 0 0

SOLUTION

Aquifer Model:  Confined Solution Method:  Cooper-Jacob

T = 1.476E+5 gal/day/ft S = 7.813E-8

Figure C4.  Well 5239 Drawdown
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WELL 5239 TEST

Data Set:  C:\...\Q_5239_DD_5239_CJ_late.aqt
Date:  03/28/17 Time:  16:26:37

PROJECT INFORMATION

Company:  NLW
Client:  WWBWC
Project:  1601
Location:  M-F, OR
Test Well:  5239
Test Date:  5/3/16

AQUIFER DATA

Saturated Thickness:  20.7 ft Anisotropy Ratio (Kz/Kr):  1.

WELL DATA

Pumping Wells
Well Name X (ft) Y (ft)
5239 0 0

Observation Wells
Well Name X (ft) Y (ft)

5239 0 0

SOLUTION

Aquifer Model:  Confined Solution Method:  Cooper-Jacob

T = 4.452E+4 gal/day/ft S = 10.98

Figure C5.  Well 5239 Drawdown
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WELL 5239 TEST, 161 DRAWDOWN

Data Set:  C:\...\Q_5239_DD_161_Theis_mid-late.aqt
Date:  03/28/17 Time:  17:37:23

PROJECT INFORMATION

Company:  NLW
Client:  WWBWC
Project:  1601
Location:  M-F, OR
Test Well:  5239
Test Date:  5/3/16

WELL DATA

Pumping Wells
Well Name X (ft) Y (ft)
Well 5239 0 0

Observation Wells
Well Name X (ft) Y (ft)

GW_161 0 1099

SOLUTION

Aquifer Model:  Confined Solution Method:  Theis

T  = 8.128E+5 gal/day/ft S  = 0.01797
Kz/Kr = 1. b  = 37. ft

Figure C6.  Well GW_161 Drawdown, mid to late time
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WELL 5239 TEST, 161 DRAWDOWN

Data Set:  C:\...\Q_5239_DD_161_Theis_late.aqt
Date:  03/31/17 Time:  15:53:33

PROJECT INFORMATION

Company:  NLW
Client:  WWBWC
Project:  1601
Location:  M-F, OR
Test Well:  5239
Test Date:  5/3/16

WELL DATA

Pumping Wells
Well Name X (ft) Y (ft)
Well 5239 0 0

Observation Wells
Well Name X (ft) Y (ft)

GW_161 0 1099

SOLUTION

Aquifer Model:  Confined Solution Method:  Theis

T  = 2.268E+4 gal/day/ft S  = 0.006375
Kz/Kr = 1. b  = 37. ft

Figure C7.  Well GW_161 Drawdown, late time
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WELL 5239 TEST, 5232 DRAWDOWN

Data Set:  C:\...\Q_5239_DD_5232_Theis.aqt
Date:  03/31/17 Time:  15:18:28

PROJECT INFORMATION

Company:  NLW
Client:  WWBWC
Project:  1601
Location:  M-F, OR
Test Well:  5239
Test Date:  5/3/16

WELL DATA

Pumping Wells
Well Name X (ft) Y (ft)
Well 5239 0 0

Observation Wells
Well Name X (ft) Y (ft)

Well 5232 1039 0

SOLUTION

Aquifer Model:  Confined Solution Method:  Theis

T  = 1.775E+4 gal/day/ft S  = 0.005323
Kz/Kr = 1. b  = 9. ft

Figure C8.  Well 5232 Drawdown
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WELL 5239 TEST - RECOVERY

Data Set:  C:\...\Q_5239_DD_5239_Recovery_early.aqt
Date:  06/10/17 Time:  16:04:42

PROJECT INFORMATION

Company:  NLW
Client:  WWBWC
Project:  1601
Location:  M-F, OR
Test Well:  5239
Test Date:  5/3/16

SOLUTION

Aquifer Model:  Confined
Solution Method:  Theis (Recovery)

T  = 2.292E+5 gal/day/ft
S/S' = 0.000806

AQUIFER DATA

Saturated Thickness:  1. ft Anisotropy Ratio (Kz/Kr):  1.

WELL DATA

Pumping Wells
Well Name X (ft) Y (ft)
5239 0 0

Observation Wells
Well Name X (ft) Y (ft)

5239 0 0

Figure C9.  Well 5239 Recovery, early time (large t/t')



1. 10. 100. 1000.
0.

0.4

0.8

1.2

1.6

2.

Time, t/t'

R
e

s
id

u
a

l 
D

ra
w

d
o

w
n

 (
ft

)

WELL 5239 TEST - RECOVERY

Data Set:  C:\...\Q_5239_DD_5239_Recovery_late.aqt
Date:  06/10/17 Time:  16:01:45

PROJECT INFORMATION

Company:  NLW
Client:  WWBWC
Project:  1601
Location:  M-F, OR
Test Well:  5239
Test Date:  5/3/16

SOLUTION

Aquifer Model:  Confined
Solution Method:  Theis (Recovery)

T  = 3.607E+4 gal/day/ft
S/S' = 1.068

AQUIFER DATA

Saturated Thickness:  1. ft Anisotropy Ratio (Kz/Kr):  1.

WELL DATA

Pumping Wells
Well Name X (ft) Y (ft)
5239 0 0

Observation Wells
Well Name X (ft) Y (ft)

5239 0 0

Figure C10.  Well 5239 Recovery, late time (small t/t')
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WELL TEST ANALYSIS

Data Set:  C:\...\Q_vonderahe_new_DD_vonderahe_new.aqt
Date:  06/24/16 Time:  18:43:36

PROJECT INFORMATION

Company:  NLW
Client:  WWBWC
Project:  1601
Location:  M-F, OR
Test Well:  Vonderahe_new
Test Date:  3/14/16

AQUIFER DATA

Saturated Thickness:  1. ft Anisotropy Ratio (Kz/Kr):  1.

WELL DATA

Pumping Wells
Well Name X (ft) Y (ft)
Vonderahe_new 0 0

Observation Wells
Well Name X (ft) Y (ft)

Vonderahe_new 0 0

SOLUTION

Aquifer Model:  Confined Solution Method:  Cooper-Jacob

T = 1.245E+5 gal/day/ft S = 1.207E-116

Figure C11.  Well 56140 Drawdown, early through late time
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PUMPING TEST 56140

Data Set:  C:\...\Q_56140_DD_GW_161_Theis_early.aqt
Date:  06/13/17 Time:  12:02:33

PROJECT INFORMATION

Company:  NLW
Client:  WWBWC
Project:  1601
Location:  M-F, OR
Test Well:  56140
Test Date:  3/14/16

WELL DATA

Pumping Wells
Well Name X (ft) Y (ft)
56140 0 0

Observation Wells
Well Name X (ft) Y (ft)

GW_161 253 0

SOLUTION

Aquifer Model:  Confined Solution Method:  Theis

T  = 1.901E+5 gal/day/ft S  = 0.004847
Kz/Kr = 1. b  = 41.2 ft

Figure C12.  Well GW_161 Drawdown and Recovery, early dd and rec time
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PUMPING TEST 56140

Data Set:  C:\...\Q_56140_DD_GW_161.aqt
Date:  03/29/17 Time:  14:06:03

PROJECT INFORMATION

Company:  NLW
Client:  WWBWC
Project:  1601
Location:  M-F, OR
Test Well:  56140
Test Date:  3/14/16

WELL DATA

Pumping Wells
Well Name X (ft) Y (ft)
56140 0 0

Observation Wells
Well Name X (ft) Y (ft)

GW_161 253 0

SOLUTION

Aquifer Model:  Confined Solution Method:  Theis

T  = 1.525E+5 gal/day/ft S  = 0.01401
Kz/Kr = 1. b  = 41.2 ft

Figure C13.  Well GW_161 Drawdown and Recovery, late dd and early rec time
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PUMPING TEST WELL 56140

Data Set:  C:\...\Q_56140_DD_5199.aqt
Date:  06/13/17 Time:  10:36:05

PROJECT INFORMATION

Company:  NLW
Client:  WWBWC
Project:  1601
Location:  M-F, OR
Test Well:  56140
Test Date:  3/14/16

WELL DATA

Pumping Wells
Well Name X (ft) Y (ft)
5199 587 0

Observation Wells
Well Name X (ft) Y (ft)

5199 587 0

SOLUTION

Aquifer Model:  Confined Solution Method:  Theis

T  = 1.402E+5 gal/day/ft S  = 1.154E+4
Kz/Kr = 1. b  = 85.6 ft

Figure C14.  Well 5199 Drawdown and Recovery, late dd and early rec time
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SLUG "IN" AT GW_152

Data Set:  C:\1_Projects\WWBWC\Eastside\Slug Tests\Aqtesolv\GW_152_SlugIn_2.aqt
Date:  06/13/17 Time:  23:34:08

PROJECT INFORMATION

Company:  NLW
Client:  WWBCW
Project:  1601
Location:  Eastside
Test Well:  GW_152
Test Date:  11/10/16

AQUIFER DATA

Saturated Thickness:  14.68 ft Anisotropy Ratio (Kz/Kr):  1.

WELL DATA (GW_152)

Initial Displacement:  0.9401 ft Static Water Column Height:  19.9 ft
Total Well Penetration Depth:  81. ft Screen Length:  30. ft
Casing Radius:  0.086 ft Well Radius:  0.25 ft

Gravel Pack Porosity:  0.25

SOLUTION

Aquifer Model:  Unconfined Solution Method:  Bouwer-Rice

K  = 62.66 gal/day/ft2 y0 = 0.1751 ft

Figure C15.  Well GW_152 Slug "In"
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SLUG "OUT" AT GW_152

Data Set:  C:\1_Projects\WWBWC\Eastside\Slug Tests\Aqtesolv\GW_152_SlugOut_2.aqt
Date:  06/13/17 Time:  23:55:02

PROJECT INFORMATION

Company:  NLW
Client:  WWBCW
Project:  1601
Location:  Eastside
Test Well:  GW_152
Test Date:  11/10/16

AQUIFER DATA

Saturated Thickness:  14.68 ft Anisotropy Ratio (Kz/Kr):  1.

WELL DATA (GW_152)

Initial Displacement:  1.032 ft Static Water Column Height:  14.68 ft
Total Well Penetration Depth:  81. ft Screen Length:  30. ft
Casing Radius:  0.086 ft Well Radius:  0.25 ft

Gravel Pack Porosity:  0.25

SOLUTION

Aquifer Model:  Unconfined Solution Method:  Bouwer-Rice

K  = 41.03 gal/day/ft2 y0 = 0.1185 ft

Figure C16.  Well GW_152 Slug "Out"
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SLUG "OUT" TEST AT GW_160

Data Set:  C:\1_Projects\WWBWC\Eastside\Slug Tests\Aqtesolv\GW_160_SlugOut_2.aqt
Date:  06/14/17 Time:  00:15:20

PROJECT INFORMATION

Company:  NLW
Client:  WWBCW
Project:  1601
Location:  Eastside
Test Well:  GW_160
Test Date:  11/17/16

AQUIFER DATA

Saturated Thickness:  16.47 ft Anisotropy Ratio (Kz/Kr):  1.

WELL DATA (GW_160)

Initial Displacement:  0.262 ft Static Water Column Height:  16.47 ft
Total Well Penetration Depth:  55.5 ft Screen Length:  30. ft
Casing Radius:  0.086 ft Well Radius:  0.25 ft

Gravel Pack Porosity:  0.25

SOLUTION

Aquifer Model:  Unconfined Solution Method:  Bouwer-Rice

K  = 3051.4 gal/day/ft2 y0 = 291.5 ft

Figure C17.  Well GW_160 Slug "Out"
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SLUG "OUT" TEST AT GW_161

Data Set:  C:\1_Projects\WWBWC\Eastside\Slug Tests\Aqtesolv\GW_161_SlugOut3.aqt
Date:  06/14/17 Time:  00:39:22

PROJECT INFORMATION

Company:  NLW
Client:  WWBCW
Project:  1601
Location:  Eastside
Test Well:  GW_161
Test Date:  11/8/16

AQUIFER DATA

Saturated Thickness:  32.46 ft Anisotropy Ratio (Kz/Kr):  1.

WELL DATA (GW_161)

Initial Displacement:  0.491 ft Static Water Column Height:  32.46 ft
Total Well Penetration Depth:  57.5 ft Screen Length:  30. ft
Casing Radius:  0.083 ft Well Radius:  0.25 ft

Gravel Pack Porosity:  0.25

SOLUTION

Aquifer Model:  Unconfined Solution Method:  Bouwer-Rice

K  = 2446.5 gal/day/ft2 y0 = 1424. ft

Figure C18.  Well GW_161 Slug "Out"
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SLUG "IN" TEST AT GW_162

Data Set:  C:\1_Projects\WWBWC\Eastside\Slug Tests\Aqtesolv\GW_162_SlugIn_1.aqt
Date:  06/15/17 Time:  12:03:48

PROJECT INFORMATION

Company:  NLW
Client:  WWBCW
Project:  1601
Location:  Eastside
Test Well:  GW_162
Test Date:  11/16/16

AQUIFER DATA

Saturated Thickness:  16. ft Anisotropy Ratio (Kz/Kr):  1.

WELL DATA (GW_162)

Initial Displacement:  0.613 ft Static Water Column Height:  18.94 ft
Total Well Penetration Depth:  50. ft Screen Length:  10. ft
Casing Radius:  0.086 ft Well Radius:  0.25 ft

Gravel Pack Porosity:  0.25

SOLUTION

Aquifer Model:  Unconfined Solution Method:  Bouwer-Rice

K  = 149.7 gal/day/ft2 y0 = 0.1121 ft

Figure C19.  Well GW_162 Slug "In"



0. 20. 40. 60. 80. 100.
1.0E-4

0.001

0.01

0.1

1.

10.

Time (sec)

D
is

p
la

c
e

m
e

n
t 
(f

t)

SLUG "OUT" TEST AT GW_162

Data Set:  C:\1_Projects\WWBWC\Eastside\Slug Tests\Aqtesolv\GW_162_SlugOut_1.aqt
Date:  06/15/17 Time:  12:05:52

PROJECT INFORMATION

Company:  NLW
Client:  WWBCW
Project:  1601
Location:  Eastside
Test Well:  GW_162
Test Date:  11/16/16

AQUIFER DATA

Saturated Thickness:  16. ft Anisotropy Ratio (Kz/Kr):  1.

WELL DATA (GW_162)

Initial Displacement:  0.794 ft Static Water Column Height:  18.97 ft
Total Well Penetration Depth:  50. ft Screen Length:  10. ft
Casing Radius:  0.086 ft Well Radius:  0.25 ft

Gravel Pack Porosity:  0.25

SOLUTION

Aquifer Model:  Unconfined Solution Method:  Bouwer-Rice

K  = 147.3 gal/day/ft2 y0 = 0.1541 ft

Figure C20.  Well GW_162 Slug "Out"
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SLUG "OUT" TEST AT GW_163

Data Set:  C:\1_Projects\WWBWC\Eastside\Slug Tests\Aqtesolv\GW_163_SlugOut_1_lo.aqt
Date:  06/15/17 Time:  12:24:29

PROJECT INFORMATION

Company:  NLW
Client:  WWBCW
Project:  1601
Location:  Eastside
Test Well:  GW_163
Test Date:  11/16/16

AQUIFER DATA

Saturated Thickness:  7.5 ft Anisotropy Ratio (Kz/Kr):  1.

WELL DATA (GW_163)

Initial Displacement:  0.48 ft Static Water Column Height:  3.24 ft
Total Well Penetration Depth:  25.5 ft Screen Length:  10. ft
Casing Radius:  0.083 ft Well Radius:  0.25 ft

Gravel Pack Porosity:  0.25

SOLUTION

Aquifer Model:  Unconfined Solution Method:  Bouwer-Rice

K  = 1381.1 gal/day/ft2 y0 = 0.7829 ft

Figure C21.  Well GW_163 Slug "Out"; low K estimate
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SLUG "OUT" TEST AT GW_163

Data Set:  C:\1_Projects\WWBWC\Eastside\Slug Tests\Aqtesolv\GW_163_SlugOut_1_hi.aqt
Date:  06/15/17 Time:  12:29:22

PROJECT INFORMATION

Company:  NLW
Client:  WWBCW
Project:  1601
Location:  Eastside
Test Well:  GW_163
Test Date:  11/16/16

AQUIFER DATA

Saturated Thickness:  7.5 ft Anisotropy Ratio (Kz/Kr):  1.

WELL DATA (GW_163)

Initial Displacement:  0.48 ft Static Water Column Height:  3.24 ft
Total Well Penetration Depth:  25.5 ft Screen Length:  10. ft
Casing Radius:  0.083 ft Well Radius:  0.25 ft

Gravel Pack Porosity:  0.25

SOLUTION

Aquifer Model:  Unconfined Solution Method:  Bouwer-Rice

K  = 3084.8 gal/day/ft2 y0 = 3.067 ft

Figure C22.  Well GW_163 Slug "Out"; high K estimate



   

Appendix D:  Hydraulic Tomography Analysis Graphs / Maps 

 

Hydraulic tomography (HT) is method to estimate the spatial distribution of aquifer hydraulic properties. It is 

best used with pumping and pressure response testing whereby sequential aquifer tests are performed at multiple 

wells and the response measured at nearby wells. The degree to which the 3-dimensional distribution of aquifer 

parameters can be evaluated depends on the number of wells screened in different vertical intervals in the sub-

surface. Data sets from multiple tests are processed via a mathematical model. Having many sequential aquifer 

test data sets in a hydraulically connected aquifer(s) makes the (HT) parameter estimation better posed (mathe-

matically) and the parameter results are more unique compared to traditional aquifer tests. This, in turn, can im-

prove predictions of groundwater flow because the HT estimates are more accurate. Note: other “forcings”, e.g. 

river stage changes, and pressure responses can also be used with HT methods. 

 

 

More information about HT is here: 

 

Yeh, T. and S. Liu (2000), Hydraulic tomography: Development of a new aquifer test method, Water Resour. 

Res., 36, 2095-2105. 

 

 

  

https://en.wikipedia.org/wiki/Aquifer


Figure 1. Available river stage and groundwater level time series. 
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Figure 2. River stage and groundwater levels during 2015 winter and 2016 spring. 
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Figure 3 Estimated diffusivity field. 
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Figure 4. Variance (uncertainty) of estimated D.  
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Appendix E:  Stable Isotope Results 

  



Results grp'd 

University of California-Davis Stable Isotope Facility Northwest Land & Water, Inc.

One Shields Ave. Davis, CA 95616 Eastside Aquifer Recharge

530-754-7517 Jim Mathieu

3/7/2018 206-525-0049

jim@nlwinc.com

H2O stable isotope analysis by laser spectroscopy (Los Gatos Reseach Instruments)

VSMOW VSMOW

LabID Sample ID Site ID d 
2
H d 

18
O Internal check d 

2
H per mil d 

18
O per mil 

W-31011 75 I6475 -103.41 -14.18 Known value -26.65 -5.02

Mean -26.35 -4.89

W-31012 63 M163 -101.82 -13.79 n = 6.00 6.00

W-31013 40 56140 -104.13 -13.93 1 SD 0.89 0.06

W-31014 52 152 -103.91 -13.96

W-31015 39 5239 -102.29 -13.89

W-31016 62 162 -102.49 -13.99

W-31017 60 160 -103.72 -14.16

W-31020 61 161 -103.27 -13.94

W-31019 R1 R1 -101.34 -13.85

W-31021 R2 R2 -101.73 -14.12

W-31018 R3 R3 -102.63 -14.01

Page 1

mailto:jim@nlwinc.com


   

Appendix F:  Time Series Graphs, Infiltration Gallery Test 
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Appendix G:  Filled Project Template 

  



 

 

DRAFT  -  WALLA WALLA BASIN INTEGRATED FLOW ENHANCEMENT STUDY 

PRELIMINARY PROJECT PROPOSAL TEMPLATE 

1. Title: 

Eastside Milton-Freewater Alluvial MAR  
and/or ASR 

2. Proposal Preparer(s): 

Steven Patten, Walla Walla Basin Watershed Council 
Jim Mathieu, Northwest Land & Water 

3. General Description of Proposal: Identify the category(s) and briefly explain the proposed project 

(e.g. location, infrastructure requirements, maintenance requirements, connection to other new, 

ongoing or past projects, other stakeholders, various sizing or phasing, etc.). 

□ a. Water Conservation & Infrastructure      X b. Aquifer Recharge & Aquifer Storage and Recovery   

□ c. Surface – Groundwater Source Switch      □ d. Surface Water Storage      □ e. Pump Exchange        

□ f. Water Right Transactions     □ g. Point of Diversion Transfers      □ h. Other 

  

This proposed MAR and/or ASR project entails diverting WWR water from winter to early spring (up 
to 10 cfs for 100 days) via the existing Eastside (Milton-Freewater) pipeline at Nursery Bridge. This 
water would be conveyed to a site or sites that feature a combination of infiltration galleries, 
spreading basins, and/or other aquifer recharge infrastructure.  
 
The recovery of recharged water in the Eastside area from spring through summer has potential to 
leave up to 7 cfs of  WWR water instream during the irrigation season. 

4. Source of Produced Water: Mark all applicable and identify (water right number, shallow or deep 

basalt aquifer, stream name). 

X a. Existing Water Right –  
 
If the project is built as an MAR, it would require a new surface water right — a diversion of 10 cfs 
from the WWR from winter to spring. Initially, this would be achieved through a limited-license 
process rather than potentially migrating to a permanent water right. 
 
If the project is built as an ASR, some or all of the Eastside surface water right of 5–7 cfs (June – 
September) could be transferred to a groundwater right for the recharged shallow alluvial aquifer 
after the pilot period for the initially limited license. A new surface water right would be needed for 
the difference between 10 cfs and the transferred right rate/volume. To recovery groundwater, a 
groundwater right would be required if some or all of the Eastside surface water right is not 
transferred to the alluvial aquifer. 
  

X b. Groundwater – If the project is built as an ASR, then the recovered groundwater will be a source 
of summer irrigation water. 
 



 

 

X c. Surface Water – If the project is built as an ASR or MAR, then the WWR will be the source of 
recharge water, assuming minimum instream flows are met. 
 

□ d. Other 

 

5. Quantity/Timing/Location of Produced Water Instream: Estimate average amount of water, 

when and where. Can project be considered at various sizes(flow outputs) and/or considered in phases?  

a. Acre-feet and/or Cubic-feet-per-second: 

If the project is built as an ASR, up to an estimated 1,694 AF (7 cfs) will be left instream. A MAR 
would create an estimated 1,694 AF with instream benefits from reduced seepage loss in the WWR 
or direct groundwater returns to the WWR. 

b. Timeframe(s): 

June through September 

c. Stream Reach Location(s): 

Walla Walla River mainstem, river mile 46.6 (Nursery Bridge, M4) and downstream 

□ d. UNKNOWN  -  Is more work (engineering/design/modeling, etc.) needed to estimate potential 

instream flow outputs of project? Will the results of this work be available within 1 year to inform 

potential flow outputs? Describe additional work needed and provide cost estimates. 

Additional work is needed to assess the feasibility of ASR. This work includes installing monitoring 
wells and conducting pilot tests to evaluate the amount of recoverable water, the timing of 
recovery, optimal locations for recovery wells, and the need for a pipeline upgrade or extension. The 
initial project design and construction costs (below) need to be refined. The amount of recoverable 
water will determine the instream flow outputs (benefits) of the project. 

    

Estimated Cost Range… 

Phase MAR ASR Item From To 

I √ √ Characterization & Monitoring  Complete   Complete  

II 

√ √ Monitoring Wells (2 new +1 retrofit) & Equipment  $         20,000   $         20,000  

√ √ 
Pilot Testing Using Existing Gallery; Water 
Sampling / Tracking, Modeling / Analysis 

 $         20,000   $         60,000  

√ √ Development & Design  $         10,000   $         15,000  

√ √ 
Project Land Purchase after Substantial Land 
“Donation” 

 $         10,000   $      25,000  

√ √ 
Construction of Basins/Galleries and Soil/Water 
Testing  

 $         40,000   $         60,000  

√ √ 
Pipeline Upgrade / Extension to Recharge Site & 
Survey 

 $         275,000   $         400,000  

III 

- √ Recovery Wellfield Modeling & Analysis  $         20,000   $         50,000  

- √ 
Recovery Wells (5): Design, Construct, Test, 
Instrument 

  $      426,250 $      426,250 

- √ Pipeline Upgrade / Extension to Recovery Wells  $      550,000   $      1,350,000  

      

   

Total MAR Costs  $      375,000   $      580,000  

   

Total ASR Costs  $      1,371,250   $      2,406,250  
 



 

 

6. Ability to Protect Produced Water Instream: Briefly explain how the produced water will be 

quantified, monitored and protected instream or why it is not currently protectable.  

X a. YES  -  Protection under existing regulations expected to WW River mouth or in limited reach?                                                     

It may be possible to exchange an existing surface water right for stored ASR water, similar to a 
reservoir or Columbia River Exchange project. Water would be stored underground in the Eastside 
subbasin and it could then be recovered in exchange for irrigators’ WWR rights (which would be left 
instream). Bi-state protection would be the same as for other exchange projects that are currently 
underway by Oregon and Washington agencies. The exchange option would require a new winter / 
spring water right from the WWR to allow for ASR activities and a second permit to withdraw the 
stored water. 
                                                   

□ b. NO   or   X c. UNKNOWN – Results and implementation of flow protection study likely 
necessary to ensure flow protection. 
 

7. Cost Estimates: Provide known and estimated costs to develop and implement the project. 

a. Project Development and Design: 

Phase II for MAR and ASR, from $40,000 to $100,000 (includes small project land purchase) 
Phase III for ASR, from $20,000 to $50,000 
 

b. Project Construction:  

Phase II for MAR and ASR, from $355,000 to $540,000 
Phase III for ASR, from $976,250 to $532,500 
 

c. Construction cost per AF and/or CFS: 

MAR through Phase II recharges 10 cfs to the alluvial aquifer 
ASR through Phase III leaves 7 cfs instream on the  WWR mainstem; recovers 7 cfs for irrigation  
 

Phase II for MAR from $150/AF to $220/AF 
Phase III (extension to ASR) additional cost from $580/AF to $1,050/AF and $139K/CFS to $254K/CFS  

 

d. Project Annual O&M:  

For MAR, ~$20K 
For ASR, ~$60K 
 

X c. UNKNOWN  -  Need engineering/design work to estimate costs 

Costs for some items in Phase II and all items in Phase III will need to be refined as the project 
progresses. 
 

8. Secured Costs: Has any funding been secured in the past or currently and what is source? 

Yes, past and current funding has been obtained from OWEB, OWRD, and WDOE. 
 

9. Other Potential Project Advantages: In addition to helping address flow targets and basin-wide 

flow issues (Endangered Species Act, Tribal Water Rights, Clean Water Act, etc.), briefly explain other 

potential benefits (e.g. reduced O&M costs, restores/mimics ecological processes, cropping flexibility, ) 

MAR (through Phase II) 

• Provides additional winter/spring habitat for water fowl (infiltration basin) 

• MAR water adds flow to downgradient surface water bodies (needs quantification through 
modeling and monitoring) 



 

 

 

• Cools down-gradient surface water bodies (Clean Water Act target) 

• Has the potential to reduce O&M costs over time based on results and by rolling monitoring 
into a programmatic approach 

• Mimics floodplain processes in a constrained alluvial fan system (WWR) 

• Has the potential to benefit habitat restoration in WWR side channels and with levee setback  
 

ASR (through Phase III) 

• Same as above for MAR (through Phase II) 

• Uses existing Eastside pipeline to distribute recovery water and minimizes conveyance 
construction impacts to residents 

 

10. Other Potential Project Disadvantages: Briefly explain the potential drawbacks of the proposal 

(e.g. reduced GW supply - recharge mitigation need, increased O&M costs, legal implications) 



• MAR project water, as currently operated, cannot be protected. 

• There may be competition for winter/spring water supplies. 
 

11. Project Status: Identify whether the proposed project is a past, ongoing, or new project, and briefly 

explain its status, including the requested role of the flow study in further consideration of the project.    

X a. NEW PROJECT                  X b. ONGOING PROJECT                   □ c. PAST PROJECT 

 

Phase I, characterization and monitoring, is complete. An infiltration gallery has been set up to 
receive WWR water via the Eastside pipeline. This infiltration gallery, with some additional 
monitoring wells, would be a good pilot test to evaluate the aquifer response to infiltration, storage, 
and groundwater movement; if favorable, these results will further advance the viability of 
expanding MAR via basins or adding galleries. ASR feasibility may also be demonstrated if sufficient 
water is recharged during this pilot testing. 

12. Estimated Time Frame to Implement Project?  

Phase II will be completed in 2019. Phase III, if selected, will be completed by 2022. 
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Memorandum  5/31/2016 
Date: June 30, 2015 

To: Steven Patten, Environmental Scientist, Walla Walla Basin Watershed 

Council (WWBWC) 

From: Jim Mathieu, RG, Northwest Land & Water, Inc. (NLW) 

Re: Drilling and Monitoring Well Construction, Aquifer Storage and Recovery 

(ASR) Feasibility Investigation, Eastside Milton-Freewater, OR 

INTRODUCTION 

This memorandum documents initial ASR work conducted to investigate the relatively 

shallow (70 to 130 feet below ground) hydrostratigraphy and the construction of long-

term monitoring wells in the “Eastside” area of Milton-Freewater. The area of 

investigation shown on Figure 1 occupies the flat and locally undulating topography east 

of the mainstem Walla Walla River. The WWBWC would like to better understand the 

subsurface hydraulic properties and groundwater flow conditions of the Eastside area; we 

understand the goal is to store “surplus” river water in the subsurface and eventually 

recover it to use for irrigation and affect groundwater conditions for river baseflow 

augmentation.  

The Eastside pipeline that is currently used by irrigators would serve as the conveyance 

line to deliver water from the river to potential aquifer storage sites. 

DRILLING METHODOLOGY & RESULTS 

Five boreholes were drilled by Holt Services, Inc., in October 2014 and June 2015. They 

were completed as 2-inch ID monitoring wells in accordance with Oregon’s monitoring 

well standards (OWRD, OAR 690-240). These wells will allow WWBWC to monitor 

groundwater levels and temperature over the long term and to sample water quality (as 

needed) at locations within the shallow unconfined aquifer and other water-bearing 

zones. 

 

6556 37th Ave. NE 
 Seattle, WA 98115 

206-525-0049 p 
www.nlwinc.com 

 



Page 2 

Sonic Drilling 

Methodology. One borehole was drilled at each of three sites (GW_152, _160, _161) and 

two boreholes were drilled at one additional site (GW_162, _163). To investigate the 

stratigraphy and occurrence of groundwater at these sites, the sonic drilling method — 

specifically, a Terra Sonic International 150 Compact Crawler — was used. This machine 

cores a 4-inch continuous sample while casing a 6-inch diameter borehole. As such, the 

core sample, which is extruded in 5- or 10-foot sections, provides information about the 

stratigraphy and relative moisture conditions from ground to the total borehole depth. 

During drilling, the water level was measured frequently to observe changes as different 

water-bearing or low-permeable zones were penetrated. The samples were placed in core 

boxes and stored by WWBWC. We anticipate having a geology student review the core 

samples in more detail at a later date.  

Results. The results of drilling and logging are shown on the detailed geologic logs in 

Figures 2–6. In general, the hydrostratigraphy encountered from ground to depth at each 

of the four sites included the following: 

 An upper layer of soil consisting of silt, locally with gravels, 2–6 feet thick 

 An unsaturated zone of loose, and locally compact, silt and gravel, 20–60 feet thick 

 An saturated zone of loose, and locally compact, silt, sand, and gravel, 5–35 feet thick 

 A dry to damp layer of very compact silt and gravel, over 20 feet thick 

Two water-bearing zones were encountered at the GW_162/163 site (Figure 1). They are 

separated by an 11-foot thick, soft, clayey silt. This clayey silt is competent and extensive 

enough at this location to cause a difference in groundwater levels. 

Monitoring Well Construction 

Methodology. Standard practices were used to construct the monitoring wells. Each of 

the five boreholes was screened (0.020-inch slot) within water-bearing zones. An annular 

filter pack (10-20 silica sand) was placed as each 6-inch casing was extracted and seal 

materials were subsequently installed. Each well was finished with a flush-grade steel 

monument. The wells were developed for 1–2.5 hours using a DC purge pump.  

Results. The five monitoring wells are being equipped with Solinst Levelogger Edge 

water level / temperature sensors to collect data that will provide important information 

about the groundwater system:  

 Localized and seasonal fluctuations of the shallow (water table) aquifer at each of the 

four sites 
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 The relationship between the shallow aquifer and underlying water-bearing zone at 

the GW_162/163 site 

 The direction and magnitude of the hydraulic gradient in this area 

The initial groundwater water level data (Figures 2 – 6) suggest that sites GW_152 and 

GW_160, which have larger unsaturated thicknesses, could accept more water than sites 

GW_161 and GW_162/163, which lie to the northeast and northwest, respectively. The 

infiltration capacity would need to be tested at these sites to confirm this observation. 

RECOMMENDATIONS 

Monitoring & Baseline Data Collection 

We recommend that WWBWC conduct the following tasks: 

 Survey the elevations and locations of the monitoring wellheads to provide an 

accurate datum for water-level measurements. 

 Collect continuous water-level data at a high frequency (for example, hourly) for 2 

weeks; then download and review the data to confirm that the sensor is functioning 

properly and assess whether the collection frequency should be modified. 

 Measure water levels manually during each visit to the monitoring wells (quarterly, at 

a minimum) and compare these measurements to the sensor data. 

 Collect groundwater samples prior to infiltration activities in the Eastside area, 

whether at the LeFore infiltration facility or elsewhere (pilot or permanent 

infiltration/recharge), to provide “baseline” water quality data. 

Investigation of ASR Feasibility 

The WWBWC should consider conducting the following future work: 

 Identify existing irrigation wells that could be pumped for aquifer testing. The five 

monitoring wells should be used as observation wells during testing. This would 

allow WWBWC to calculate hydraulic parameters for the shallow water-table aquifer. 

 If existing wells are unsuitable, as an alternative, approach a landowner about 

constructing a high-capacity well that could be used for aquifer testing. 

 Develop a better understanding of the Eastside hydrostratigraphy in the vicinity of the 

five monitoring wells by creating a conceptual model using software such as 

Viewlog. This would entail incorporating select digitized wells (from the OWRD 

database, shown in Appendix A) into the model and using it to construct several 

cross-sections that illustrate subsurface conditions in the Eastside groundwater 
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system. The conceptual model framework should be compatible with pre-processing 

software for creating layers for a future numerical model. 

 Engage with landowners in the area between and near GW_152 and GW_160 who 

would be amenable to allowing the WWBWC to construct a pilot or permanent 

infiltration facility (basin/pond or gallery) or the construction/operation of an 

injection well. 

SUPPORTING INFORMATION 

List of Figures & Appendix 

Figure 1: Well Location Map, Eastside Milton-Freewater 

Figure 2: GW_152 Geologic Log & Monitoring Well As-Built 

Figure 3: GW_160 Geologic Log & Monitoring Well As-Built 

Figure 4: GW_161 Geologic Log & Monitoring Well As-Built 

Figure 5: GW_162 Geologic Log & Monitoring Well As-Built 

Figure 6: GW_163 Geologic Log & Monitoring Well As-Built 

Appendix A: Supplemental OWRD Database Well Logs 

Reference 

Oregon Water Resources Department, OAR 690-240, Construction, Maintenance, Alteration, 

Conversion and Abandonment of Monitoring Wells, Geotechnical Holes and Other Holes 

in Oregon.  

Warranty / Disclaimer 

Our professional services were performed, our findings obtained, and this memorandum 

prepared in accordance with generally accepted hydrogeologic practices at this time and 

in this area, exclusively for the use of the WWBWC. This warranty is in lieu of all other 

warranties, expressed, or implied. 
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Appendix A 



T6NR35E-Section 25 T6NR35E-Section 36 T6NR36E-Section 31 T6NR36E-Section 30

UMAT 4516 UMAT 6 UMAT 4846 UMAT 5192

UMAT 4517 UMAT 5116 UMAT 4848 UMAT 5197

UMAT 4518 UMAT 5117 UMAT 4849 UMAT 5198

UMAT 4519 UMAT 5118 UMAT 50068 UMAT 5199

UMAT 4520 UMAT 5119 UMAT 4847 UMAT 5200

UMAT 4521 UMAT 5121 UMAT 4850 UMAT 5201

UMAT 4523 UMAT 5122 UMAT 4851 UMAT 5202

UMAT 4524 UMAT 5123 UMAT 4852 UMAT 5204

UMAT 4525 UMAT 5124 UMAT 54770 UMAT 5205

UMAT 4526 UMAT 5125 UMAT 5206

UMAT 4527 UMAT 5126 UMAT 5211

UMAT 4528 UMAT 5127 UMAT 5221

UMAT 4529 UMAT 5128 UMAT 5222

UMAT 4531 UMAT 5130 UMAT 5223

UMAT 4532 UMAT 5131 UMAT 6457

UMAT 4533 UMAT 5132 UMAT 6458

UMAT 4534 UMAT 5133 UMAT 5203

UMAT 4536 UMAT 5136 UMAT 5207

UMAT 4537 UMAT 5137 UMAT 5208

UMAT 4538 UMAT 5141 UMAT 5209

UMAT 4539 UMAT 5144 UMAT 5210

UMAT 4540 UMAT 5147 UMAT 5212

UMAT 4541 UMAT 5148 UMAT 5213

UMAT 4543 UMAT 5149 UMAT 5214

UMAT 4544 UMAT 5151 UMAT 5216

UMAT 4549 UMAT 5155 UMAT 5217

UMAT 4550 UMAT 5156 UMAT 5218

UMAT 4551 UMAT 5157 UMAT 5219

UMAT 4552 UMAT 5158 UMAT 5220

UMAT 4563 UMAT 5347 UMAT 54736

UMAT 4565 UMAT 5358 UMAT 55459

UMAT 4570 UMAT 5370 UMAT 55712

UMAT 4573 UMAT 5377 UMAT 56217

UMAT 4574 UMAT 5787

UMAT 4576 UMAT 5805

UMAT 4577 UMAT 5825

UMAT 4579 UMAT 5965

UMAT 4581 UMAT 6471

UMAT 4585 UMAT 6475

UMAT 4587 UMAT 6477

UMAT 4588 UMAT 50473

UMAT 4589 UMAT 5787

UMAT 4590 UMAT 50750

UMAT 4599 UMAT 5065

UMAT 4600 UMAT 5120

UMAT 4601 UMAT 5129

UMAT 4602 UMAT 5134

UMAT 4603 UMAT 5138

UMAT 4604 UMAT 5139

UMAT 4605 UMAT 5140

UMAT 4606 UMAT 5142

UMAT 4607 UMAT 5143

UMAT 4608 UMAT 5145

UMAT 4609 UMAT 5146

UMAT 4610 UMAT 5150

UMAT 4611 UMAT 5152

UMAT 4612 UMAT 5153

UMAT 4613 UMAT 5154

UMAT 4614 UMAT 5159

UMAT 4615 UMAT 5259

UMAT 4616 UMAT 51666

UMAT 4617 UMAT 6473

UMAT 4618 UMAT 53647

UMAT 4620 UMAT 53545

UMAT 4621 UMAT 53762

UMAT 4622 UMAT 54050

UMAT 4623 UMAT 54143

UMAT 4624 UMAT 54144

UMAT 4626 UMAT 54145

UMAT 5269 UMAT 54325

UMAT 5655 UMAT 54391



T6NR35E-Section 25 T6NR35E-Section 36

UMAT 5656 UMAT 54473

UMAT 5958 UMAT 54494

UMAT 6434 UMAT 54841

UMAT 6435 UMAT 55207

UMAT 6511 UMAT 55248

UMAT 4522 UMAT 55614

UMAT 4583 UMAT 55991

UMAT 50519 UMAT 56033

UMAT 50723 UMAT 56077

UMAT 50731 UMAT 56099

UMAT 50942 UMAT 56162

UMAT 51072 UMAT 56201

UMAT 51947

UMAT 4535

UMAT 4542

UMAT 4545

UMAT 4546

UMAT 4547

UMAT 4548

UMAT 4553

UMAT 4554

UMAT 4555

UMAT 4556

UMAT 4557

UMAT 4558
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Draft Memorandum 
Date: June 24, 2016 

To: Steven Patten, Environmental Scientist, Walla Walla Basin Watershed 
Council (WWBWC) 

From: Jim Mathieu, RG, Northwest Land & Water, Inc. (NLW) 

Re: Interim Results of Hydrostratigraphic Assessment and Pumping Tests, 
Aquifer Storage and Recovery (ASR) Feasibility Investigation, Eastside 
Milton-Freewater, OR 

INTRODUCTION 

This memorandum documents our progress on an ASR investigation for the relatively 
shallow alluvial-fluvial aquifer beneath the “Eastside” area of Milton-Freewater. It builds 
on our previous memorandum that summarizes the drilling and construction of five 
monitoring wells (NLW, 2015). We plan to continue characterizing the Eastside area 
through spring 2017 and issue a final report, which will be substantially more detailed 
and comprehensive than this memo, in June 2017.  

The area of investigation shown on Figure 1 occupies the flat and locally undulating 
topography east of the mainstem Walla Walla River. The WWBWC would like to better 
understand the subsurface hydraulic properties and groundwater flow conditions of the 
Eastside area. The ultimate goal of this project is to store surplus river water in the 
subsurface and recover it for irrigation while raising groundwater levels to augment river 
baseflow. The Eastside pipeline that is currently used by irrigators would serve as the 
conveyance line to deliver water from the river to potential aquifer storage sites. 

HYDROSTRATIGRAPHIC ASSESSMENT 

Methodology 

We used data from 15 wells for this investigation: five wells that we constructed (NLW, 
2015) plus 10 additional wells, which were selected because of their potential for 
pumping or monitoring and for their geographic locations throughout the study area. 
Appendix A contains logs for these wells. Well log data was digitized and incorporated 
into a project database constructed using Viewlog, a tool that not only allows us to 
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organize and interpret subsurface data but also produces images that are useful for 
visualization. The well log data included: 

 Borehole drilled depth 
 Texture of sediment or rock layer 
 Relative permeability based on texture 
 Water bearing zones 
 Well construction depth 
 Open interval (screen or perforations) 
 Water level 

Eleven of the wells and one river gage station were surveyed by WWBWC using the 
methods described in Appendix B. 

Results 

Two cross sections were constructed using Viewlog, as shown in Figures 2 and 3. The 
cross section alignments are shown on Figure 1 (note: alignment C-C’ is mapped but its 
cross section is not included in this memo). In general, the sections show the following 
hydrostratigraphy, in order of increasing depth: 

 An unsaturated zone of loose, locally compact silt and gravel, 20–60 feet thick, that 
thins from south to north 

 A saturated zone of loose, locally compact silt, sand, and gravel, 5–35 feet thick 

 A dry to damp (locally wet) layer of very compact silt/clay and gravel, over 20 feet 
thick and locally underlain by a 5- to 20-foot clay layer 

 Hard and fractured (water-bearing) basalt 

At the local scale, groundwater may be separated by a low permeable layer. This is the 
case for the two water-bearing zones encountered at the GW_162/163 site (162 and 163 
on Figure 1), which are separated by an 11-foot-thick layer of soft, clayey silt. This 
clayey silt is competent and extensive enough at this location to cause a difference in 
groundwater levels of about 9 feet. 

HYDRAULIC PROPERTIES 

Methodology 

To obtain data for estimating hydraulic properties, we conducted pumping tests at two 
irrigation wells and a “passive test” at a third well. 
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Pumping tests. Pumping tests were conducted at irrigation wells 56140 and 5239 on 
March 14 and May 3–4, respectively. The rate and duration of these tests was designed to 
accommodate the irrigator so he could apply the pumped water to a field or orchard. 
Pumping rates were measured using a BM Technologie ultrasonic flow meter, which was 
strapped to the discharge line at each well. Groundwater levels were monitored in 
observation wells located at distances ranging from 200 to 2,500 feet from the pumped 
well using nonvented Solinst sensors compensated for barometric pressure. At one 
location, irrigation well 5239, a micro-Diver sensor was used. Manual water levels 
measurements were also made using Waterline and Solinst sounders. 

Passive test. For the “passive” test, irrigation well 6475 was equipped with a Seametrics 
DL-76W datalogger to record continuous flow measurements from an existing 
Seametrics AG2000-400-GPM-AF flow meter. This test was conducted from May 9 to 
June 3, 2016. Groundwater level was recorded in nearby GW_152 using a Solinst sensor. 
Manual water level measurements were also made in GW_152 using a Waterline 
sounder. 

Results 

Well 56140. The hydrograph for this test (Figure 4) shows a response in both the 
pumped well and in well GW_161, located approximately 250 feet away. No other 
response is discernable in other observation wells. A preliminary analysis of the GW_161 
response indicates a transmissivity of 150,000 gallons per day per foot (gpd/ft) and 
storage coefficient of 0.01 (Appendix C). Analysis of the manual data from the pumped 
well indicates a transmissivity of 125,000 gpd/ft (Appendix C). 

Well 5239. The hydrograph for this test (Figure 5) shows a response in the pumped well 
— but none significant in the observation wells except possibly for wells 161 and 5232. 
These subtle responses will be evaluated further to attribute them to well 5239 pumping 
or not. A preliminary analysis of the early time response in well 5239 indicates a 
transmissivity of 125,000 gpd/ft (Appendix C). Note that the drawdown trend steepens 
after approximately 250 minutes, suggesting an aquifer boundary. This response will be 
further analyzed and discussed in subsequent reporting. 

Well 6475. The hydrograph for the “passive” test (Figure 6) shows a small undulating 
trend in GW_152. Wells 6475 and GW_152 are being currently monitored as the 
irrigation season ramps up. Assessment of a hydraulic relationship between these two 
wells, if discernible, will be made after substantial summer irrigation followed by 
reduced pumping in fall 2016.  

RECOMMENDATIONS 

We recommend conducting the following ongoing tasks trough winter 2017: 
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Hydrostratigraphy 

 Digitize data for wells in Oregon’s database that can accurately located — at least to 
the tax lot or parcel, but ideally with an air photo — and integrate it into the project 
database (Viewlog). 

 Survey the elevations and locations of selected wells added to the project database. 

 Develop more detailed cross sections to show the potential hydrostratigraphic 
controls on the storage and movement of recharged water. 

Hydraulic Properties 

 Using the detailed cross sections and conceptual model, identify locations where 
additional hydrostratigraphic information and/or monitoring is needed. Develop a 
plan to construct additional wells or piezometers or to equip existing unused wells. 

 Continue to identify existing irrigation wells that could be used for aquifer testing so 
hydraulic parameters can be estimated for the shallow water-table aquifer. 

 Investigate the use of Walla Walla River stage to estimate aquifer parameters. 

Pilot Testing 

 Engage with landowners in the area between and near GW_152 and GW_160 who 
would be amenable to the construction of a pilot or permanent infiltration facility 
(basin/pond, injection well, or gallery). 

SUPPORTING INFORMATION 

List of Table, Figures & Appendices 

Figure 1: Well Location Map, Eastside Milton-Freewater 

Figure 2: Cross Section A – A’ 

Figure 3: Cross Section B – B’ 

Figure 4: Hydrograph for Wells Monitored, Pumped Well 56140, March 14, 2016  

Figure 5: Hydrograph for Wells Monitored, Pumped Well 5239, May 3-4, 2016 

Figure 6: Hydrograph for Well GW_152, Pumped Well 6475, May 2016 

Appendix A: Well Logs 

Appendix B: Survey Report 

Appendix C: Pumping Test Analyses 
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Reference 

Northwest Land & Water, 2015, Drilling and Monitoring Well Construction, Aquifer 
Storage and Recovery (ASR) Feasibility Investigation, Eastside Milton-
Freewater, OR, Memorandum to WWBWC, dated June 30, 2015  

Warranty / Disclaimer 

Our professional services were performed, our findings obtained, and this memorandum 
prepared in accordance with generally accepted hydrogeologic practices at this time and 
in this area, exclusively for the use of the WWBWC. This warranty is in lieu of all other 
warranties, expressed, or implied. 
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Draft Figure 4.  Hydrographs for Wells Monitored, Pumped Well 56140, March 14, 2016
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nortonlk
Note
Section number changed from 30 to 31 at request of Ken Dowden, Pendleton office 1/9/2008.  This log can also be found by specifying Township 6N Range 36E Section 31
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Eastside ASR Characterization Pumping Test 
GPS Survey Report 

DRAFT Report 

Steven Patten – Sr. Environmental Scientist 
Submitted: June 2016 

In Cooperation with: 

Appendix B



Overview 
The Walla Walla Basin Watershed Council conducted a survey-grade GPS survey of surface 
and groundwater monitoring sites in the spring of 2016 to establish accurate coordinates 
and elevations for the Eastside ASR Characterization Pumping Test project.  Establishing an 
accurate location (longitude/latitude and elevation) of each monitoring site is vital for 
analyzing data accurately from each of the pumping tests.  The survey included pumping 
wells, monitoring wells and river stage location. 

Methods 
The Walla Walla Basin Watershed Council utilized a set of survey-grade GPS units.  These 
survey-grade GPS units (Magellan ProMark 3) were used to establish location and elevation 
for pumping wells, monitoring wells and river stage locations.  The ProMark 3 measures 
locations with an accuracy of 5 centimeters or less (if given the correct conditions).  Two 
units were used, a BASE unit and a ROVR unit.  Both units used 2 meter SECO rods.  The 
BASE unit was set up at established control points that were tied back to published control 
points.  At each control point, a stake with a screw on top was put into the ground so the 
BASE station could be placed in the same location each time it was set up (Figure 1). The 
BASE unit was started first and allowed to run during surveying activities without 
interruption.  The ROVR unit was set up and placed on the monitoring site.  Well locations 
were either measured at ground surface (for purpose built monitoring wells – see Figure 2) 
or at the measurement point (for non-purpose built monitoring/pumping wells – see 
Figure 3).  River stage locations were measured at the bottom of the staff gauge (see Figure 
4).  Data were downloaded and post-processed using GNSS Solutions software.  Data were 
processed in UTM 11N, NAD83 Spatial Reference System with units of meters.  Data were 
imported into ArcGIS and displayed visually for a quality check of the data and to create a 
map. 

Summary 
The GPS survey provided accurate location and elevation information for pumping, 
monitoring and river stage monitoring sites for the Eastside ASR Characterization Pumping 
Test project.  Establishing extremely accurate locations (average of <1.5 cm accuracy for 
horizontal confidence) and elevations (average of <1.0 cm accuracy for vertical confidence) 
for monitoring sites allows for better analysis of pumping test data.  LIDAR flight 
information is available for most of the project area, which may be utilized for additional 
analysis.   



 

 

Figure 1.  BASE unit located at HBDIC Aquifer Recharge Project site.  Notice the bottom of the BASE 
unit is on a stake with a screw (green circle) for accuracy when repeatedly setting up the BASE unit. 

 



 

Figure 2.  Typical location for GPS measurement at purpose built groundwater monitoring locations. 

 



 

Figure 3.  Typical location for GPS measurement at non-purpose built groundwater monitoring and 
pumping well locations. A – Well head and survey equipment.  B – Tip of survey rod at measurement 

point 



 

Figure 4.  Typical location for GPS measurement at river stage monitoring site.  GPS would be placed 
next to the staff gauge and on the stream/canals substrate.  Staff gauge reading and water depth (on 

survey rod) were also recorded.   



Appendix A – GPS Survey Results 

 

Survey Datum Info:  UTM 11N, NAD83-CORS96, units = meters 

 

  



Appendix B – Survey Map 
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Appendix I:  Mullan J., 1858 
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