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Overview: 
 

WWBWC and its partners have been working on a wide variety of conservation and 
aquifer recharge related activities including: monitoring groundwater and surface water 
conditions, creating a geospatial database for the Walla Walla River valley (project focal 
area), expanding aquifer recharge testing at the HBDIC site and conducting an extensive 
outreach/education program by which to share the information, ideas and potential 
solutions to our current water management issues in this basin. This report is an outline of 
those activities and is accompanied by individual program-component (attached as 
appendices) reports for the areas that BPA is assisting to fund these on-the-ground projects 
along with the innovative research and monitoring being done to further aquifer recharge as 
a water management tool for the Pacific Northwest.  
 
 
Background of Program:  
 
 The Walla Walla basin is located in Northeastern Oregon and Southeastern 
Washington (Figure 1.) This bi-state system’s primary waterway is the Walla Walla River 
which originates in Oregon and flows down through Washington to the Columbia River at 
Wallula Gap. This river is the primary source of human-uses as well as the main passage and 
rearing corridor for ESA-listed steelhead, bull trout and species of tribal focus such as 
Chinook and lamprey. 

 The subbasin of focus for this program is the Walla Walla River subbasin1 which 
flows out into this bi-state valley where it becomes a distributary river system of historic 
river branches, spring-creeks and, in the last century, irrigation systems (Figure 2). With 
the on set of human development of these water resources many rivers and creeks were 
straightened for flood control and agricultural purposes with many lateral-ditch systems 
(those running out from primary creeks or ditches to serve additional users) were also 
constructed. Early irrigation practices involved the flooding of fields and rills to irrigate a 
variety of crops from onions to orchard stocks such as apples and peaches. The net 
hydrologic impact of these changes to both water supplies and habitat conditions was 
mixed. The lateral ditch system and irrigation practices helped to slow water down, 
recharge the shallow but highly interconnected aquifer system which in turn made 
natural valley numerous springs and Little Walla Walla system run stronger. These 
systems then returned their flow to the Walla Walla River in the form of cold surface 
flow and subsurface groundwater which was particularly relevant during the hot, dry 
summer months. However the diversion of these irrigation needs helped to seasonally 
dry up the fish-passage corridor or ‘mainstem’ help to make the once prevalent Chinook 
species extinct and steelhead and bull trout ESA listed.  

 Starting with the ESA listing in 1998 and the Walla Walla River making American 
Rivers top-10 most endangered rivers list in 2000, environmental groups and federal fish 

                                                 
1 2006-2010 Development of a Surface-groundwater model to use as a flow restoration and aquifer 
replenishment planning and management tool.  
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agencies worked out an agreement with the three larger irrigation districts to divert less 
water to these distributary branches and ditches and leave more in the ‘mainstem’ Walla 
Walla River. This agreement re-watered this Oregon section with 1/3 of summer-time 
baseflows for the first time in 100 years and was heralded nationally as a model of 
cooperation. Dramatic changes in water management in this Little Walla Walla river 
system along with the piping-lining of leaky ditches to stretch water less water further 
had both immediate and longer term consequences. The springs that once provided 
baseflow back to the Walla Walla River started declining to the point that by 2008 many 
are nearly dry year round (Figure 3). The WWBWC and its partners began to examine 
both the historic conditions of these streams as well as shallow, alluvial aquifer from 
which they depend on their flow. What the data and historic accounts revealed was not 
only these recent alterations but a systemic decline in water storage. Exponential 
development of exempt and non-exempt groundwater wells significantly increased the 
amount of water being drawn from the aquifer primarily during the irrigation season 
further exacerbating the spring-flow conditions.  

 Starting in 2001, the WWBWC and partners started developing a monitoring 
network and series of on-the-ground projects designed at directly affecting these 
compounding hydrologic pressures. The monitoring network comprises of over 150 
monitoring wells and stream flow gauges that continuously monitor hydrological 
conditions. The information generated by this monitoring along with research conducted 
by the WWBWC-OSU partnership has lead to vast improvements in our understanding 
of groundwater conditions and characteristics such as groundwater movement (Figure 
4) and the role that ditches have played in keeping the aquifer system prompted up 
(Figure 5). Complementing the monitoring a number of on-the ground projects have 
been initiated to begin to rebalance the surface-groundwater system.  

 The Hudson Bay District Improvement Companies (HBDIC) aquifer recharge 
project was the first of its kind in Oregon and Washington in both its design and the 
water quality monitoring plan (co-developed with ODEQ and OWRD staff). Starting in 
2004 this project has been shown2 to have helped re-water the spring-creek Johnson 
Creek which had been dry for over 25 years. The project site, a 7-acre area Northwest of 
Milton-Freewater, is entering the final phase of its three part expansion under this 
program and currently recharges approximately 3600-4400 acre-feet annually (5-7 square 
miles a foot deep of water) some of which goes to restoring seasonal spring flows with 
the remaining water going into the unconfined aquifer system3 as well groundwater 
returns to the Walla Walla River. Currently there are two other recharge projects funded 
by Washington’s Department of Ecology, one using field flooding4 as a mechanism for 
aquifer recharge with the other using a historic gravel pit to recharge winter-spring water 
into groundwater storage. All off the sites have been providing water managers with 
detailed information on the designs, operations, monitoring and permitting-planning 
needs of developing a bi-state aquifer replenishment program.  

                                                 
2 Petrides, Ari 2008, Oregon State University, Bower, et. al. 2007, 2008, WWBWC.  
3 Groundwater storage is also used by shallow aquifer wells.  
4 Hall-Wentland farm fields recharge and the Locher Road historic gravel pit 
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 Complementing these physical program developments starting in 2006, 
Washington Department of Ecology began the innovative Watershed Management 
Initiative (WMI) which helped providing funding and political support to these efforts. 
The goal of this WMI program is to allow basin managers the flexibly with regards to 
water law and policies, to find innovative ways to provide more salmon recovery flows 
while protecting surface and groundwater resources for the valley’s irrigated agriculture. 
This program has culminated in the legislation to form a basin-wide water management 
entity with legal authority from the state legislature to manage water and water 
restoration efforts. On the Oregon side, the Umatilla Critical Groundwater Task Force 
completed its 2050 plan5 which goal is to:  

“… ensure a coordinated, integrated response with maximum use of all water resources and to mitigate 
the effects of water declines impacting Umatilla County.”(Umatilla County CGT, 2009) 

Water management efforts in both states have been working together to come up with a 
programmatic solution to addressing what is a bi-state hydrologic, biologic and economic 
issue. Additional federal efforts including the Confederated Tribes of the Umatilla Indian 
Reservation and United States Corps of Engineers Walla Walla River Flow Enhancement 
project are also being coordinated where they are looking at above-ground off channel 
storage and pumping water from the Columbia River season. Recent efforts between 
these federal and state based water enhancement has acknowledged that a combination 
of both above and below groundwater water storage is needed to help maintain 
agriculture while restoring instream flows for salmon.  

 The WWBWC along with the BPA, OWEB and WDOE funding partners intends 
to continue to develop water management systems that are more refined that what has 
been developed in the past for the Pacific Northwest. The funding provided to the 
WWBWC and its partners from BPA is helping us move the development of these 
projects and programs forward so that fish, irrigation and other water uses can better 
manage the climate-sensitive resource of water.  

Aquifer Recharge: Hudson Bay District Improvement Company Site Expansion and 
Testing Project  
  

The WWBWC and HBDIC have been developing aquifer recharge as a water 
management tool since 2002. The aforementioned HBDIC site was originally permitted and 
constructed in 2003-4 and has been operating for 6 recharge-seasons (winter-spring high 
flow period). During those 6 seasons the HBDIC site has put over 15,000 acre feet of water 
in the ground while testing various methods of application under an OWRD Limited 
License. The site comprises currently of a series of spreading basins (serially connected) and 
a 4-pronged infiltration gallery testing area (Figure 6). The spreading basins cover a total 
infiltration area of 1.5 acres and can recharge clean, cool Walla Walla River water into the 

                                                 
5 http://www.co.umatilla.or.us/planning/Groundwater.htm 
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aquifer at rates up to 18 cfs. In 2009-2010 further spreading basin expansions at the site are 
planned to maximize the recharge capabilities of the location (Figure 7).  

 
Funding provided by the BPA has helped the WWBWC, HBDIC and Watershed 

Management Iniative Technical Review Team to test various infiltration gallery designs at the 
site. The infiltration galleries testing will allow Walla Walla water managers to design dual 
purpose conservation-recharge system (pipe-gallery combination) Essentially saving water 
(piped) in the summer or irrigation season and in turn storing water in aquifer (recharge) in 
the fall-winter-spring in order to help stabilize and restore our declining natural water storage 
system and protect and enhance instream and spring flows. The gallery testing is proving to 
be instrument in the development of the Walla Walla Basin Aquifer Replenishment Program 
which is a bi-state effort to help stabilize and restore the aquifer-springs of the Walla Walla 
valley while protecting the instream flows being restored for salmon. Figure 8 shows a map 
of showing some potential sites where these infiltration gallery designs are likely to be used 
to mitigate for losses of recharge due to piping. A map of the infiltration gallery testing 
section of the HBDIC site is provided (Figure 9). The four galleries are:  
  

 4” inexpensive coiled drain pipe (used in common lawns and fields  with native gravel 
backfill  

 4” perf. Pipe, commonly used in septic systems   
 Stormtech Gallery (storm water disposal pipe) with cleaned gravel backfill 
 Atlantis Raintanks gallery with cleaned gravel backfill 

 
The operations of the infiltration galleries have proven to provide various recharge rates 

to the aquifer (Figure 10) ranging from 0.65 to 1.40 cfs (1,000 square-feet area) which 
would mean in an average recharge season (assuming no clogging) aquifer recharge volumes 
of 160 360 acre-feet per gallery. Figures 11 through 13 shows two of the recharge gallery 
materials, designs and instrumentation to monitor the units.  

 
As mentioned the goal of developing these gallery recharge systems is to incorporate 

them into piped systems so that use and storage of water can be better managed using the 
natural geologic landforms of the basin. Figures 14 through 18 utilize a recently ditch-pipe 
converted system (HBDIC’s Huffman Ditch to Pipe Project) as an example of why, and 
how these galleries would be used in the Walla Walla basin.  

Surface Water Monitoring: Tracking Spring-groundwater contributions to Walla Walla 
River 

Starting in 2001, the WWBWC and its partners began putting together a system of flow 
gauges and measurements sites to help characterize how and where water was distributed 
through the Walla Walla River valley. This system comprises of gauges and grab-sample 
discharge and water quality sites that help to quantify the contributions of springs (from 
shallow aquifer groundwater), irrigation waters, and recharge related stream flow 
restoration monitoring. The program also helps provide information to a variety of the 
WWBWC other programs including the ODEQ-WWBWC-Blue Mtn Growers’ 
collaborative pesticides monitoring and BMP implementation program. The surface 
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monitoring program interim report outlining the locations, scientific methods and some 
preliminary data analysis can be found in Attachment B: Surface-Groundwater Monitoring in 
the Walla Walla Basin, (Baker et. al. 2009). This report was generated for OWEB, a co-
funder of this program.  

Groundwater Monitoring: Tracking groundwater conditions and its relationship to Walla 
Walla River baseflows 

 Starting 2002, the WWBWC began to piece together a shallow aquifer monitoring 
system that could help water and fish managers in the basin understand the role that 
groundwater plays in baseflows to the Walla Walla River. As more irrigation efficiencies 
(piping/lining) projects were constructed to ‘save’ water for returning instream flows for 
salmon, this well monitoring system has helped us monitor the impacts on groundwater 
storage. This program has also helped us to track the aquifer recharge projects (HBDIC, 
Locher Road and Hall-Wentland sites) to observe their effect on the aquifer and with the 
development of a OSU-WWBWC surface-groundwater model, we will be able to use this 
information to better manage piping and recharge to increase flows in the Walla Walla 
River during the irrigation season. The groundwater monitoring program is outlined in 
Attachment B.  

Geospatial GIS Fisheries-Hydrology Database:  

 This project started in 2005 with funding from the Washington Department of 
Ecology. The premise of the database is to gather all hydrologic, hydrogeologic, land use, 
habitat and fisheries related information into a single ArcGIS Database system where 
fisheries and water manager could access and utilize this information to better 
understand the system from its various component parts. The database is updated 
monthly and is available (in current draft form) by contacting the WWBWC or Troy 
Baker (GIS Analysis and Database Manager Directly). This project was also funded by 
OWEB, ODEQ, and WDOE. A presentation can be found at: 
http://www.wwbwc.org/WMI_Info/Documents/Fish_Hydro_GIS_TRT.pdf 

Outreach/Education:  
 
The WWBWC has lead a variety of outreach and educational events in the Walla Walla 
basin. Starting with the WWBWC website (www.wwbwc.org) where we are continuously 
utilizing the internet to keep recent fisheries, hydrology, groundwater and other 
watershed restoration related information easy to find. The WWBWC continues to act as 
a host for federal, state and local agencies and groups that need a place to post notices, 
meeting invitations and/or reports for public comment and input. An example of a 
information boucher put together to educate the general public on recharge and water 
management is shown in Figure 19.  The WWBWC has also hosted a number of tours 
of the recharge site for State Governors, congressional representative, county 
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commissioners, college classes, environmental groups and a host of other interested 
parties.  

 The main two outreach events that the WWBWC has hosted with support from 
BPA was the a) WMI Technical Review Team meeting. This meeting brought fisheries, 
water and hydrogeologists scientists in from all over the Pacific Northwest to share 
information about this program. The WWBWC website6 has a summary of the meeting 
along with the PowerPoint presentations shared.  

 The second main event that the WWBWC hosted was a Bi-state Groundwater 
Working Group meeting that brought groundwater managers from Oregon, 
Washington, Tribal governments together to discuss the groundwater and baseflow 
conditions in the Walla Walla basin. This meeting was the first time all managers were 
able to share ideas, information and various regulatory tools available to help stabilize 
and restore aquifer conditions in order to better protect and enhance instream flows for 
salmon and irrigation. This meeting will be followed up with public meetings in 2010 
that will help to inform the public about these issues as well.  

BPA Project Moving Forward:  

 The WWBWC and its partners are grateful for BPA continued support of the 
innovative water management projects and management we are implementing in the 
Walla Walla basin. BPA funding is critically needed to help support and move these ideas 
and pilots projects into basin wide solutions for wiser and more adapted water 
management.  

 

                                                 
6 (http://www.wwbwc.org/WMI_Info/WMI_PhaseII.htm) 
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Appendices A: Figures  
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combination of all methods will be assessed  during the design and siting phase of this 
program. 
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Project Overview 
The objective of this project was to support ongoing hydrologic and hydrogeologic assessment 
monitoring specifically designed to answer critical water budget and supply questions for the Walla 
Walla Basin.  The primary foci of this project were: 1. Establish and maintain the continuous manual 
flow monitoring stations throughout the watershed.  2.  Establish and maintain a network of continuous 
and annual shallow aquifer well monitoring stations throughout the watershed.  3.  Conduct seasonal 
surface flow seepage runs to determine channel bed losses/gains and diversion inventories throughout 
the project area.  4.  Establish and maintain a network of temperature water quality sites throughout the 
watershed and monitor the USFWS and Irrigation districts flow agreement.  Much of the text in the 
following sections comes from reports and papers that the WWBWC and its partners completed for 
various planning processes, monitoring projects, or outreach efforts.   Refer to the original reports listed 
available in the appendices for more detailed methodology, results, and conclusions.  

 Project Focus Area 
The Walla Walla Basin is located on the western edge of the Blue Mountains in the northeastern corner 
of Oregon State and the southeastern corner of Washington State (Figure 1). There are three main river 
systems located in the basin:  Walla Walla River, Touchet River, and Mill Creek.  The basin covers 
approximately 1760 – square miles.  This project focuses mainly on the portion of the Walla Walla 
Basin that is located in the state of Oregon. 

Figure 1

 

Walla Walla 
Watershed 
 

 Walla Walla Watershed 
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Surface and Groundwater Projects 
In this section is a list of projects that the WWBWC along with its partners initiated and completed 
with the funds provided by the Surface and Groundwater Monitoring in the Walla Walla Basin 
(OWEB #206-253) grant.  A brief overview of each project was taken from the individual reports 
completed for this project.  For more detailed analysis refer to the specific report for each project in the 
appendix.  

Small-order Steam and Spring Monitoring Network  
Text from:   Appendix A,  Surfacewater Monitoring in the Walla Walla Basin (Lewis, 2009)  

 The WWBWC along with its bistate partners have put together a surface-groundwater network for the 
Walla Walla River basin. The network consists of river, small order stream and spring gauges stations as 
well as groundwater monitoring observation wells. OWEB Grant #204-312 funded many of the well 
and gauge station equipment for the WWBWC sites. The data generated from these sites continues to 
be critically important to the numerous monitoring projects as well as to numerous planning processes 
including those described below.  

Until recently, all of the water in the main stem of the Walla Walla River was seasonally diverted into 
the Little Walla Walla River1. But in the spring of 2000, three major Walla Walla Basin irrigation 
districts, in conjunction with environmental groups and the US Fish and Wildlife Service, entered into a 
landmark agreement allowing approximately 30% of prior-appropriated irrigation-season water rights to 
be left in stream to aid salmon recovery efforts2. While this agreement is a boon to androgynous fish 
species, putting water back into the river has directly reduced the amount of water available to many 
residents of the valley. Because there is less water to go around, monitoring flows in the springs and 
streams of the Walla Walla Basin is important to many of the impacted residents and to the agencies 
involved in the agreement. Many of the sites in the WWBWC's monitoring network were installed to 
keep track of flow levels throughout the Little Walla Walla System so that policy decisions in the future 
could be based on factual flow data. 

The Walla Walla Basin Watershed Council (WWBWC) also chose several of the site locations in order 
to track the progress of the HBDIC Recharge Project and to gather data for the continued improvement 
of the WWBWC-OSU Walla Walla River Valley Groundwater Model. The sites on Johnson Creek in 
Umapine, for example, were installed because Johnson started flowing seasonally, after years of being 
dry, when the HBDIC recharge project began to put water back into the ground.  

                                                            

1 The Little Walla Walla River is a system of irrigation canals and ditches that transport water throughout the 
Walla Walla River Valley. 

2 Bower, Bob. “Shallow Aquifer Recharge (SAR) as a water management tool for the Walla Walla Basin,” Page 8. 
Walla Walla Basin Watershed Council. 30 August 2007. 
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The WWBWC’s small-order stream and spring monitoring program began in 2002 as a reaction to 
parts of the Little Walla Walla River system running dry. Since that time, the network has been 
gradually expanded to include over 50 sites in the Walla Walla Valley, including springs, small order 
streams, irrigation ditch sites such as wiers and flumes, and established gauge locations on the main stem 
of the Walla Walla River.  

 

Figure 2 Small-order Stream and Spring Gauge Locations 

Data from the established monitoring locations continues to be critically important to the multiple 
monitoring projects and planning processes throughout the Walla Walla Basin.  The WWBWC has 
become the focal point for surface water information regarding the small-order springs and streams 
within the basin. 
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Groundwater Monitoring Network 
Text from:  Appendix B,  Shallow Aquifer Monitoring in the Walla Walla Basin (Parks, 2009)  

Since 2001 the Walla Walla Basin Watershed Council has been constructing a network of shallow 
monitoring wells (<250 feet) in the Walla Walla River Valley as part of its long-term efforts to 
understand the shallow (unconfined) alluvial aquifer.  The primary objective of establishing this 
network is to help water and fisheries managers in the basin better understand surface-groundwater 
interactions as they relate to salmon recovery and groundwater supplies.  The monitoring network is 
also used to track the implementation of artificial aquifer recharge projects currently in operation.   

Well monitoring consists of measuring the static water level (SWL), or the depth to water, and water 
temperature and conductivity.  The well monitoring network is comprised of continuous monitoring 
wells, instrumented with pressure transducers that measure static water level once per hour, and non-
continuous wells which are measured manually every three months.  Temperature and conductivity 
measurements are also taken quarterly at each monitoring well.  

The WWBWC worked with the Oregon Water Resource Department (OWRD) and Washington 
Department of Ecology (WDOE) to develop protocols for monitoring well location, measurement, and 
maintenance.  Many of the original monitoring wells in the network were established or drilled by 
OWRD and WDOE.  Other partners in the basin such as the Hudson Bay District Improvement 
Company (HBDIC), The Native Creek Society, and Gardena Farms Irrigation District #13 (GFID#13) 
have contributed to expanding the monitoring network through direct monitoring and landowner 
outreach.  Many of the dedicated monitoring wells were also established as part of the basin’s three 
shallow aquifer recharge projects.  A summary of the established monitoring wells is found in Table 1. 

 

 

Monitoring Group State Number of Wells 

OWRD Oregon 10 

WWBWC Oregon  33 

WWBWC Washington 18 

WDOE Washington 13 

Native Creek 
Society 

Washington 13 

HBDIC Recharge Oregon 4 
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Project 

Hall-Wentland 
Recharge Project  

Oregon 3 

Locher Road 
Recharge Project  

Washington 3 

Total / 97 

Table 1: Summary of wells in the Walla Walla Basin Shallow Aquifer Monitoring Project. 

In addition to monitoring well data collection, WWBWC also performed an extensive search for 
historical records and information about wells in the network.  This historical and background 
information was compiled in 2008 as the Monitoring Well Notebook, which includes water rights, well 
logs, USGS and OWRD historical SWL data, well GPS coordinates and elevation, maps, and photos of 
the wells.  The Monitoring Well Notebook serves as institutional memory of the monitoring network 
and gives insight into historical uses and conditions of the wells and aquifer.  It also allows WWBWC to 
easily share well information with the community and agencies.   

 

Figure 3  WWBWC Shallow Aquifer Monitoring Wells 
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Walla Walla River Surface water Budget Assessment 
Text from:   Appendix C, Walla Walla River Surface Water Budget Assessment  (Baker, 2009)  

The Walla Walla Watershed is a bi-state watershed located on the western edge of the Blue Mountains 

in the northeastern corner of Oregon State and the southeastern corner of Washington State with the 

river systems flowing to the Columbia River to the west.  (figure. A-1).  The watershed covers 

approximately 1760 – square miles.  As in many watersheds in the Western United States, the Walla 

Walla River basin’s water quality and endangered species issues are heavily influenced by the timing, 

availability, quality and quantity of water originating from both surface and ground resources. While the 

more obvious, seasonal variation in supply (winter-spring = higher flows, summer-fall = lower flows) is 

well documented in readily available from various gauge sites throughout the basin. Historically, there’s 

been a lack of understanding of the Walla Walla River flow varies spatially relative to: water use, 

groundwater inputs, evaporation, irrigation returns, and tributary inputs.  From the near pristine 

headwaters (Upper South Fork and Upper North Fork Walla Walla River) to near the confluence with 

the Columbia (Nine Mile Bridge) variations in environmental conditions help shape the flow profile for   

the Walla Walla River.   

 Starting in 2002, WWBWC staff, local agency personnel, and volunteers from Washington and 
Oregon began conducting seasonal instream flow, diversion inventories, and tributary flow surveys 
termed “seepage runs” as a primary first step toward quantifying the spatial variation in water volume for 
the Walla Walla River (Bower, 2005).  Seepage runs, at first, were conducted in two primary seasons of 
concern; spring (typically June) when ESA listed Bull Trout (not sure these are capitalized) are moving 
from the lower to upper watershed to either spawn or rear for the summer months and August when 
Clean Water Act water quality issues and low flow volumes are at their most critical levels.  Starting in 
2007, the WWBWC and its partners added a fall seepage run in order to better assess flow conditions 
for returning Steelhead Trout (ESA listed) and Spring Chinook (CTUIR).  This report builds on the 
assessment completed in 20053; shares the data collected from these bi-state cooperative seepage runs. 
The primary focus of the analysis presented in this report is to quantify the channel bed gains and losses.  

The analysis and discussion in this report we will be generally reviewing the data and identifying areas of 
net gains and losses, while also discussing general trends. However the main objective of this report is to 
present this dataset for use by our numerous project and policy-planning partners to better manage and 
monitor instream flows in the Walla Walla basin watershed”    

                                                            

3 Bower, R.J. 2005.  Walla Walla River Surface Water Budget Assessment: 2002 to 2004. Walla Walla Basin 
Watershed Council.   
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Water Budget Analysis and Mapping: Channel Bed Gains and Losses 
The primary purpose of calculating both the rate and total volumes for net channel gains and losses is to 
better understand which areas of the river are likely influenced by the underlying shallow aquifer system. 
This type of information is particularly applicable for the numerous other modeling and research efforts 
currently underway in the Walla Walla River system. For salmon and bull trout recovery research, the 
collected data provides spatial reference to potential areas for rearing habitat, where groundwater gains 
can provide cool water to gaining reaches while a losing reach may help create thermal or passage 
barriers.  Currently the WWBWC and its partners are studying the relationship between the inflow of 
groundwater4 into the Walla Walla River and its relationship with temperature changes and fish 
movements.  It also provides valuable information with regards to where ground water from the Little 
Walla Walla River may reemerge in the Walla Walla River mainstem aside from the more obvious 
surface tributary sources which is directly applicable to some assessment processes like the Habitat 
Conservation Plan and USACE Feasibility Study.  The results from the seepage data compiled can be 
seen in appendix C. 

 

 

 

 

 

 

 

 

                                                            

4 (Fiber Optic Groundwater and Fisheries Study, OWEB Grant #208-8002) 
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Monitoring and Data Report for USFWS and Irrigation Districts’ Agreement 
Text from:   Appendix D, 2007 Walla Walla River Monitoring and Data Report For USFWS and 
Irrigation Districts’ Agreement (Baker, 2007)  

During the 2000-2006 irrigation seasons, the Gardena Farms Irrigation, Hudson Bay District 
Improvement Company and Walla Walla River Irrigation districts (in consultation with USFWS) 
bypassed a significant portion of Walla Walla River’s summer time flow to a previously dry segment of 
the Walla Walla River as determined by a Civil Penalty agreement.  While that agreement expired in 
2007, the irrigation districts have continued to bypass the original flows agreed upon as they continue to 
work through the Habitat Conservation Planning (HCP) process.   

The bypassed flow from the three irrigation districts provides passage for ESA-listed steelhead and bull 
trout.  In 2007, there was not formal agreement as there had been in years past (see last standing 
agreement in the “Monitoring and Data Report for USFWS and Irrigation Districts’ Agreement, Baker 
2007) between USFWS, Environmental groups and the three major irrigation districts on the Walla 
Walla River. This flow also supports the return of a host of other animals and plants to this river 
segment including; other salmonids (Chinook), beaver, aquatic hunting birds such as kingfishers, mink, 
osprey, as well as the reestablishment of riparian vegetation.  This flow has also been shown to help 
improve water quality conditions and in particular, river temperatures, which supports the reduction of 
temperatures for the TMDL implementation process.   

The WWBWC established (2002-present) and continues to maintain water quality monitoring sites on 
the Walla Walla River to monitor the water temperature and conductivity as it relates to the original 
agreement signed by the USFWS and the Irrigations Districts.  (Map 1 pg 14) 

(WWBWC Agreement reports for 2006 and 2007 are located in Appendix D) 
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Walla Walla Technical Work Group   
 The Walla Walla Technical Work Group (WWTWG) consists of water resource scientists, watershed 
managers, regulators, and community members interested in collaboration on natural resource issues 
within the Walla Walla Basin.  Since 2000 the WWBWC has lead the WWTWG by creating and 
maintaining an email listserv.  The listserv allows for the distribution and discussion of information 
regarding the issues that may arise in the basin.  The WWBWC maintains a website which also allows 
for the distribution of information throughout the basin.  Meetings are usually scheduled based upon 
need for topics to be discussed.  The WWBWC will be updating its website in 2009 and will continue 
to provide the information online. 

In 2006, the WWTWG hosted its second WWTWG conference focusing on Walla Walla Basin 
Research, Monitoring, and Evaluation activities as they relate to water, fisheries, and the natural 
resources of the Walla Walla Basin.   

 

Project Review and Next Steps  
Through funding and support from OWEB, the WWBWC has become an organization that is looked 
to by private individuals, landowners, and agency personnel alike to help provide answers to water 
resource issues in the Walla Walla Basin.  Starting in 2006 the Washington Department of Ecology 
approached the watershed council with the idea of creating a monitoring network similar to what was 
present in Oregon. (Funded through previous OWEB surface and ground water grants)   Since 2006 
WDOE has invested over 1.1 million dollars in funding to build a bi-state monitoring system based in 
part on the OWEB funded projects.  With the funding from WDOE the WWBWC, in the last two 
years, has begun to build the bi-state monitoring network.  The importance of the bi-state network will 
be seen in the completion of the groundwater model that will encompass the Little Walla Walla River 
system.  The Little Walla Walla River system begins in Oregon and terminates when it flows back into 
the Walla Walla River in Washington.    With the past and present support from OWEB and the 
present support from WDOE, it is now possible to start looking at the bi-state Walla Walla Basin as a 
whole.  In the coming years, the WWBWC intends to utilize the monitoring system, coupled with 
modeling and aquifer recharge testing, to design an aquifer replenishment system for the Walla Walla 
basin.   
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Overview of the Small-order Steam and Spring Monitoring Network: 
   
 The Walla Walla Basin covers an area of approximately 1760 square miles. It lies on 
the western side of the Blue Mountains, about 70 miles west of where the border between 
Oregon and Washington connects with Idaho.  
 

Figure 1. Map of the Walla Walla Basin.  
 
 Until recently, all of the water in the main stem of the Walla Walla River was 
seasonally diverted into the Little Walla Walla River1. But in the spring of 2000, three major 
Walla Walla Basin irrigation districts, in conjunction with environmental groups and the US 
Fish and Wildlife Service, entered into a landmark agreement allowing approximately 30% of 
prior-appropriated irrigation-season water rights to be left in stream to aid salmon recovery 
efforts2. While this agreement is a boon to androgynous fish species, putting water back into 
the river has directly reduced the amount of water available to many residents of the valley. 
                                                 
1 The Little Walla Walla River is a system of irrigation canals and ditches that transport water throughout 
the Walla Walla River Valley. 

2 Bower, Bob. “Shallow Aquifer Recharge (SAR) as a water management tool for the Walla Walla 
Basin,” Page 8. Walla Walla Basin Watershed Council. 30 August 2007. 
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Because there is less water to go around, monitoring flows in the springs and streams of the 
Walla Walla Basin is important to many of the impacted residents and to the agencies 
involved in the agreement. Many of the sites in the WWBWC's monitoring network were 
installed to keep track of flow levels throughout the Little Walla Walla System so that policy 
decisions in the future could be based on factual flow data. 
 
 The Walla Walla Basin Watershed Council (WWBWC) also chose several of the site 
locations in order to track the progress of the HBDIC Recharge Project and to gather data 
for the continued improvement of the WWBWC-OSU Walla Walla River Valley 
Groundwater Model. The sites on Johnson Creek in Umapine, for example, were installed 
because Johnson started flowing seasonally, after years of being dry, when the HBDIC 
recharge project began to put water back into the ground.  
 
 The WWBWC’s small-order stream and spring monitoring program began in 2002 as 
a reaction to parts of the Little Walla Walla River system running dry. Since that time, the 
network has been gradually expanded to include over 50 sites in the Walla Walla Valley, 
including springs, small order streams, irrigation ditch sites such as wiers and flumes, and 
established gauge locations on the main stem of the Walla Walla River.  
 
 This report will discuss the WWBWC’s work on this monitoring network in 2007 
and 2008 in the following areas: 
 

1. Completing site-by-site gauge ratings for the small-order spring and stream 
monitoring network 

2. Creating a system for grading the data from each monitoring location 
3. Completing an internal review of the ratings and data 
4. Present the following attached data:  

a. A list of the WWBWC’s small-order spring and stream monitoring sites 
b. A reference notebook detailing each of the small-order stream and spring 

monitoring locations, including: 
i. vital information  
ii. photographs  
iii. instantaneous discharge (flow) measurement tables 
iv. rating curve 

c. Spreadsheets containing flow data, measurements, and graphs for 20 the sites 
whose ratings have completed internal review3 (See Appendix A) 

 
Monitoring Area:  
   
 The WWBWC’s  monitoring network for small-order springs and streams monitors 
areas in the Little Walla Walla system in Oregon, and the Mill Creek-Yellowhawk system in 
Washington. In non-water terms, this area is roughly bounded by the City of Milton-
Freewater, Oregon on the south, Walla Walla, Washington on the northeast, and Touchet, 
Washington on the northwest.  
                                                 
3 Rating and flow data for the rest of the WWBWC’s monitoring sites will be released in 
2009.  
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 Within this area, the WWBWC operates 50 in-situ logging devices dedicated to 
recording water levels and temperature in small-order springs and streams in the Walla Walla 
Valley. This bi-state program incorporates funding from OWEB (32 Oregon sites) and from 
WDOE (18 Washington sites). Figure 2 for a map of the WWBWC's small-order stream and 
spring logger network. 
 
  

Figure 2. This map displays the small-order stream and spring sites monitored by the WWBWC 
in the Walla Walla Basin in December, 2008.. See Appendix A for detailed  

information about each monitoring location. 
 
 Sites in the WWBWC’s small-order stream and spring network vary widely in terms 
of flow volumes and site conditions. There are generally three types of gauge sites monitored 
for this project: small-order streams, source springs, and irrigation ditch locations.  
 
 The confluence of the East Little Walla Walla and Big Spring, pictured in Figure 3, is 
a small-order stream. Water flows perennially here, normally ranging between seven and 
thirteen CFS. The water at this site can flow above fifteen CFS in the spring, and has been 
below three CFS in the summer. This gauge also measures flow downstream from actual 
spring sources, meaning irrigation diversion and groundwater pumping are likely implicit in 
the data generated from the site. See Figure 4 for a graph of flow at this site. 
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Figure 3: LWSBS, confluence of the East Little Walla Walla and Big Spring.  

 

Big Spring Branch East Little Walla Walla Confluence (LWSBS) Data 02-07

0

2

4

6

8

10

12

14

16

18

20

4/19/2001 9/1/2002 1/14/2004 5/28/2005 10/10/2006 2/22/2008

Date

D
is

ch
ar

ge
 (c

fs
)

LWWBS Flow
Q mmt

Figure 4: Flow data from LWSBS. 
 Alternatively, some spring locations monitored by the WWBWC are ephemeral in 
nature. Downing Spring, for example, normally runs dry from November until April. This 
monitoring location rests a short way from the spring’s source, and no well pumps or 
diversions affect the measurements recorded here, meaning it provides good information for 
assessment of groundwater conditions as they relate to surface flows. The surface flows here 
can rise as high as one CFS but a more typical discharge for this site is around half CFS 
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when it is flowing. The dried-up bed of the stream fed by Downing Spring is pictured in 
Figure 5.  
 

 
Figure 5. LWDS, Downing Spring dries up.  
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Figure 6. Flows at LWDS do not occur year-round. Also, note the overall downward trend in yearly flows. 
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 Not all of the locations monitored by the WWBWC are natural stream sites. The 
WWBWC also works with its local irrigation district partners to help monitor flows on 
irrigation ditches, canals and pipelines. This information helps track conservation savings 
promoted and funded by various grants and agencies, and also assists water management 
decisions. Flows are monitored at irrigation ditches such as the site designated LWFD, 
pictured in Figure 7. Eight of the Oregon monitoring locations are equipped with ramp 
flumes like the one at LWFD. Irrigation ditches such as this are typified by erratic flows 
while they are running, as the irrigation district varies the flow and users draw water out of 
them at different places and times. Most irrigation ditches are also turned off for part of the 
year. The flow at this particular site ranges from zero to over six CFS (see Figure 8). 

 
Figure 7. LWFD, on the Ford Branch of the Little Walla Walla River. The TruTrack data logger is housed in 

the white PVC pipe near the ramp flume.  
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Figure 8. LWFD flow. Note the erratic flow data, likely caused by pumping and diverting. 
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Methodologies: Measuring and Maintaining WWBWC Gauging Sites 

Gauge Site Setup: 

 This section describes how the sites in the WWBWC's small-order spring and spring 
surface site monitoring network are maintained and monitored. At each of the 50 
monitoring locations, TruTrack4 or In-Situ5 brand data loggers record capacitance 
(TruTrack) or pressure (In-Situ) that is converted to stage height. Loggers in this network are 
set to run on a thirty minute sampling interval. Staff gauges equipped at the monitoring sites 
provide a physical comparison for the electronic data logger in order to detect logger drift. 
The loggers are typically protected by a PVC still well (a pipe with holes drilled in it so water 
can flow through) to protect them from turbulence, damage, or tampering. 
 
 In a natural stream, such as LWSBS in Figure 3 above, the logger is ideally placed in 
the safest part of stream that will be safe when flows are high and remain submerged when 
flows are low. In many of the sites in this monitoring network, that means placing the logger 
in the deepest part of the channel. In sites that flow more vigorously, though, placing the 
logger near the edge of the stream is desirable.  
 
 At each applicable site, a cross section is selected for taking flow measurements (Q 
mmts). This is typically the cross section of the stream with the most uniform flow, and least 
potential for becoming seasonally overgrown with vegetation (See Appendix B-5 for more 
information of selecting cross-sections for Q mmts). For many sites, this pre-selected cross 
section of the stream requires some maintenance, such as trimming back blackberry bushes, 
making sure sticks and rocks haven’t choked up a weir, or hauling tumbleweeds or trash out 
of a ditch. After choosing the best cross section to measure at a site, and keeping section 
maintained, Q mmts for that site are taken in the same spot over and over again, whenever 
possible.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
                                                 
4 TruTrack WT-HR data loggers. More information available at http://www.trutrack.com/  

5 In-Situ MiniTroll and LevelTroll 100 loggers. More information at http://in-situ.com/  
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Gauge Site Data Collection: 
 
Site visits  are scheduled quarterly6. The following actions are taken during a visit:  
 

• The data is downloaded and the logger is checked7  
• Site maintenance and ensuring the logger is monitoring flows properly 
• A discharge measurement is taken8  
• The staff gauge level is recorded.  
• Site is photographed 
• Conductivity and temperature are measured with a portable electronic meter  

 
 
 A rating curve, which is essentially a functional relationship between stage (water 
height) and discharge (flow), is developed for each site using the Q mmts and the continuous 
stage data from the remote logger. By graphing a set of discharge measurements with their 
corresponding stage values, a curve can be drawn (or calculated), which allows the flow to be 
determined for any stage level9 (see Figure 9).   
 
 Rather than connecting the plotted points with a hand-drawn line, the WWBWC 
uses a method called least-squares regression (aided by a program called Table-Curve 2D10) 
to find the equation for a best-fit curve which models flow in the stream for each point of 
recorded water height data. The WWBWC’s specific rating process is described in detail in 
Appendices C-1 and C-2. 
 
 Also, note that sites in the monitoring network equipped with flumes and weirs are 
rated differently. Occasionally these sites are also rated using the method described above 
(such as in the case of a damaged weir that no longer conforms to its once-engineered 
characteristics). More information is available in Appendix C-4. 

                                                 
6 Appendix B-6 is a schedule for site visits (downloads and Q mmts) for 2009. 

7 Specific procedures for downloading and calibrating these types of loggers are documented in Appendix 
B 

8 Q mmts ate taken with a Marsh-McBirney Flo-Mate 2000 portable velocity meter. See Appendix B-
5. 

9 As long as the stave level being converted to flow lies within the bounds of the points 
used to create the curve. 

10 TableCurve2D is developed by Systat Software, Inc. 
http://www.sigmaplot.com/products/tablecurve2d/ 
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Figure 9. The rating curve allows for the conversion of any point of stage data that lies within the bounds of 

the recorded measurements to be converted to an estimate of discharge11.  
   
 
 
Rating Analysis Logistics 
 
 Changing site characteristics, inherent in all in-situ field sites, make it difficult to 
produce a simple or linear stage-discharge relationship. Each site is subject to varying 
degrees of changing conditions, meaning that the ratings for some sites are less accurate flow 
estimates than for other sites in the network. One example of a problematic site 
characteristic is the seasonal growth of in-stream vegetation at a site, which can cause the 
cross-section stage levels to rise independent of water velocity or flow. For example, one 
foot of water in the summer and fall, after the in-stream plants have had time to mature and 
slow down the flow, could be significantly less flow than one foot of water in the dead of 
winter because the plants have died off and that one foot of water is moving much faster. 
Other examples of changing site characteristics that could influence the quality of a site’s 
rating are pumping from a shallow-aquifer well, irrigation runoff, and changes to the 
channel’s shape (such as caused by erosion or scour).  
 
 Because the WWBWC’s monitoring network deals with a wide range of changing site 

                                                 
11 Rating curve image taken from the website “Gaging Stations & Rating Curves,” hosted by San 
Diego State University here: http://www.geology.sdsu.edu/classes/geol351/ratingcurve1.htm 
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conditions , a gauge-grading system has was developed to help the end-user of the data get a 
sense of the relative degrees of reliability in each site’s rating and data.  

Grading System Explanation

Rating Record Rating Record

A excellent excellent

B one excellent one good

C good good

D one good one poor

F poor poor

No breaks in 
record

few or short 
breaks in record

long or many 
breaks in recordPoor

Good

Excellent
curve-fit r2 value >= .75 

and interprets logger 
data well

curve-fit r2 value < .75 
and interprets logger 

data well

Curve-fit is difficult - 
seasonal vegetation or 
other problem hampers 

accuracy
 

Table 1. The rating grade may be adjusted based on visual inspection of the graphed data set.  

In order to obtain an ‘A’ rating, the period of record and the reliability of the rating must be excellent. 

 
 The grading system for the WWBWC’s flow data has two main components. The 
record of data for a site is one. Gaps in the recorded continuous logger data lower the rating 
grade. A site such as LWSBS (Figure 4, reprinted below), for example, does not receive a 
perfect score for record because there are too many gaps in its gauge height data. The other 
component of the grade is the effectiveness of the rating curve itself. If the coefficient of 
determination, R2, is lower than 0.75 (where 1 is optimal), the flow data grade for that site is 
reduced. Additionally, visual inspection of the graphed flow data produced by the rating 
model can reveal potential flaws in the rating or can show that the model fits the data points 
better than the coefficient of determination suggests, the rating grade may be decreased or 
increased, respectively. Grades for the WWBWC sites are located in Appendix A, and also in 
the individual flow data files for the sites.  
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Figure 4 (reprinted). The data gaps lower the rating’s grade, but the excellent fit of the Q mmts to the flow data 
from the rating curve gives this data a B. Also, note the overall downward trend in flow. 

 

Gauge Trend Assessment: 

 
Of the 50 WWBWC Gauges, 20 have passed internal review and their data is shared with 
this report. Another 8 gauges have been rated on a provisional basis12. From this sample of 
28 of the WWBWC surface sites, 8 display a year-to-year downward trend in water flows. 
Lessening flows can be observed in both the LWSBS and LWDS data in Figure 4 (reprinted 
above) and Figure 6 (reprinted below). Sixteen of the sites do not display a clearly up or 
down trend, and four of them have experienced increased flows (three of these four are 
irrigation ditches). Because of both the dramatic changes in water management and the 
observed declining groundwater storage conditions, it is unsurprising that the flows in some 
of our monitoring locations are lowering. In 2007, for example, the Big Spring System, a part 
of the East Little Walla Walla River, flowed lower than the concerned landowners living 
nearby can remember. Some reaches of stream dried up and ceased to flow for the first time 
in living memory.  

                                                 
12 The eight provisionally-rated sites included in this trend assessment are:  

FROG, TC1, LWWM3, LWWM4, LWWP3, LWWP4, WWCC, and LWSE2. 

 14



Higher Lower
Frog LWCP

LWFD LWDS
LWWP2 LWMC

TC1 LWSLP
LWWP

LWSBS 
LWWM3
LWWP4

Flume WWRID
Short record, or holes in data

Flow Trends

 
Table 2. The sixteen sites that did not display a clear trend are not shown in the table. 

Downing Spring, East LWW, off of Robin Ln (LWDS) Flow Data 03-07
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Figure 6 (reprinted). The downward trend in flow by year at this spring  is evident.  

 
 Because the WWBWC is well-established in this area and has been recording flows on 
several of the affected reaches, the community turned to the watershed council for answers. Over 
thirty guests attended WWBWC’s monthly council meetings during the winter of 2008, by large 
hailing from the Big Spring Branch-Spring Creek system. With representatives from OWRD in 
attendance at the council meeting on the 17th of March to hear what the WWBWC and its visitors 
thought about the situation, stakeholders shared their stories of dramatically dropping pond levels 
and spring flows in that area of the watershed. The Walla Walla Union-Bulletin published an article 
on the dropping water tables, which has been reprinted in Appendix D. When water tables drop in a 
specific area like they did here, people can benefit from actual records of water levels being available.  
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Summary: 
 
 Residents in this valley, while concerned that water tables are dropping and streams 
are drying up, may at least be comforted by the knowledge that the situation is not being 
ignored. The continued monitoring of small-order streams and springs in the Walla Walla 
Valley will help ensure that declines and abundances in water flows will be recorded. As the 
WWBWC continues to collect and share data, knowledge of these trends can be utilized by 
water managers who can then act with a fuller knowledge of the system they are influencing 
and a greater confidence that the decisions they make are the correct ones. The gauging 
system for small-order streams and springs in the Walla Walla Basin is already in place, and is 
funded through December 2009. 
 
 The WWBWC wishes to share the data it collects with a high degree of uniformity in 
quality. Many of the sites in the WWBWC's small-order stream and spring monitoring 
network are collecting high grade data and will continue to operate in the same location. 
However, some of the sites in the network are collecting lower grade data, which is less 
useful. In addition to the aforementioned grading system, a re-tooling is already scheduled 
for this logger network, and the sites producing lower-grade data will be improved, moved, 
or retired. The network will continue to expand and include new sites as the monitoring 
network for small-order springs and streams moves forward. The effective monitoring 
accomplished by this project will provide valuable data to assist the continued management 
and restoration of our most precious resource. 
   
 

 

 

 

 

 

 

 

 

 

 

 

 

 16



Appended Items: 

 

Appendix A: Site Summary Table 

 

Appendix B: Field Procedures 

 Appendix B-1: Field to Office: Data Acquisition and Storage 

 Appendix B-2: Trutrack Download Procedures 

 Appendix B-3: Trutrack Calibration Procedures 

 Appendix B-4: IN-SITU MiniTroll Download and Deployment Procedures 

 Appendix B-5: Instantaneous Flow Measurement (MMT) Procedures 

 

Appendix C: Rating Gauges 

 Appendix C-1: Instructions on how to set up a Gauge rating sheet for the    
 WWBWC system 

Appendix C-2: DISCHARGE RATINGS AT GAGING STATIONS. Chapter A10 of 
 USGS  Report: Techniques of Water-Resources Investigations of the  United States 
Geological Survey. By E. J. Kennedy, Book 3  (Applications of Hydraulics) 

 Appendix C-3: Rating Grading System 

 

Appendix D: Walla Walla Union-Bulletin Article on Dropping Flows 2-16-08 

 

 

 

 

 

 

 

 

 17



Appendix A: Site Summary Table 

 

 

Notebook 
Page Site ID Stream/Spring Name Measurements 

Taken Last Rated WWBWC Data 
Grade

Period of 
Record

Recharge Project
1 LWR In Recharge Site D, F, C, T, S 11/29/2006 2004-2008
3 LWR Of Recharge Site D, F, C, T, S 11/29/2006 2004-2008
4 LWRWDB Recharge Site 11/16/2006 2004-2008

Mud Ck. System
6 LWMC Mud Ck. Pond/Little Mud Ck. D, F, C, T, S 9/23/2008 C 2003-2008 *
9 LWSMC2 Mud Ck. D, F, C, T, S 10/6/2008 C 2002-2008 *

12 LWWM3 Mud Ck. D, F, C, T, S 5/13/2008 B 2007-2008
15 LWWM4 Mud Ck. D, F, C, T, S 5/12/2008 C 2007-2008
18 LWFV Middle Branch Mud Ck. D, F, C, T, S 9/25/2008 C 2003-2008 *
21 LWCP Mud Ck./Crystal Pond D, F, C, T, S 9/24/2008 B 2004-2008 *

West Little WW System
24 LWWP West Branch West Little WW D, F, C, T, S 2/19/2008 B 2003-2007 *
27 LWLW West Little WW D, F, C, T, S 10/19/2008 B 2006-2008 *
30 LWWP2 West Little WW D, F, C, T, S 4/23/2008 B 2007-2008 *
33 LWSWP West Little WW D, F, C, T, S 4/18/2008 C 2002-2008 *
36 LWWP3 West Little WW D, F, C, T, S 4/17/2008 B 2006-2008
39 LWWP4 West Little WW D, F, C, T, S 4/7/2008 C 2006-2008

East Little WW System
42 LWSE Spring Branch to East Little WW D, F, C, T, S 1/24/2008 D 2003-2008 *
45 LWSE2 East Little WW D, F, C, T, S 5/27/2008 D 2006-2008
48 LWWBS Spring to Big Spring Branch D, F, C, T, S 1/24/2008 B 2003-2008 *
51 LWSBS Big Spring Branch D, F, C, T, S 9/13/2007 B 2002-2008 *
54 LWBSM1 Big Spring Branch D, F, C, T, S 1/29/2008 D 2004-2007 *
57 LWDS Downing Spring D, F, C, T, S 2/7/2008 C 2003-2007 *

Lewis Prong
60 LWSLP Lewis Prong D, F, C, T, S 9/17/2007 C 2003-2008 *

D = Download sites marked with * 
F = Flow have their flow data 
T = Temperature included in this report 
C = Conductivity
S = Staff Gauge Reading

WWBWC Springs and Small Order Streams Summary Table 

KEY
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Notebook 
Page Site ID Stream/Spring Name Measurements 

Taken Last Rated WWBWC Data 
Grade

Period of 
Record

Johnson Ck. System
63 LWSJ Johnson Ck./Bower's Pond D, C, T Not Rated
65 LWJH Johnson Ck. D, F, C, T, S 7/7/2008 D 2006-2008 *
68 LWJG Johnson Ck. D, F, C, T, S 3/27/2007 2006-2007
71 LWJ Johnson Ck. D, F, C, T, S 7/8/2008 C 2004-2008 *

Dugger Ck. System
74 LWDC1 Dugger Ck. D, F, T, C, S 7/14/2008 D 2007-2008 *
77 LWDC2 Dugger Ck. D, F, T, C, S 8/5/2007 2003-2008

Swartz Ck. System
80 LWSC Schwartz Ck. D, F, C, T, S 10/2/2008 D 2007-2008 *
83 LWSS Schwartz Spring D, F, C, T, S Not rated 2007-2008

Crockett System
86 LWCKK West Branch West Crockett D, F, C, T, S 5/1/2008 C 2004-2008 *
89 LWCA West Crockett D, F, C, T, S 10/3/2006 2004-2008
92 LWCF West Branch West Crockett D, F, C, T, S 10/3/2006 2004-2008
94 LWCB East Branch Crockett D, F, C, T, S 10/12/2006 2004-2008
97 LWCI Crockett Branch D, F, C, T, S 10/3/2006 2004-2008

Ford Branch System
100 LWFC West Ford Branch D, F, C, T, S 10/3/2006 2004-2006
103 LWFD Ford Branch D, F, C, T, S 5/1/2008 B 2004-2008 *
106 LWFH East Ford Branch D, F, C, T, S 10/3/2006

108 LWFMM West Ford Branch D, F, C, T, S 10/3/2006

WW Area Spring/Streams
111 TC1 Titus Ck. D, F, T, C, S 5/19/2008 C 2007-2008
114 WWBS Bryant Spring D, F, T, C, S Not yet rated 2007-2008
117 WWSCD Caldwell Ck. D, F, T, C, S Not yet rated 2007-2008
120 LWSMS McEvoy Spring D, F, T, C, S 9/25/2007 2002-2008
123 WWSC Stone Ck. D, F, T, C, S Not yet rated 2007-2008
126 WWCC College Ck. D, F, T, C, S 2/25/2008 2007-2008
129 WWBC Butcher Ck. D, F, T, C, S Not yet rated 2007-2008
132 WWSCK Spring to Cold Ck. D, F, T, C, S Not yet rated 2007-2008
135 WWLS Lassiter Spring? D, F, T, C, S Not yet rated 2007-2008

Other Gauges
-- unnamed Not yet rated removed

138 FROG frog D, T, C, (S x2) 7/8/2008 B 2002-2008

D = Download sites marked with * 
F = Flow have their flow data 
T = Temperature included in this report 
C = Conductivity
S = Staff Gauge Reading

KEY

WWBWC Springs and Small Order Streams Summary Table 
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Appendix B: Field Procedures 

Appendix B-1: Field to Office: Data Acquisition and Storage 

Data Collection at Site 

1. Step 1: Information to collect at each surface or groundwater flow site (TO BE 
WRITTEN IN YOUR RAINPROOF FIELDBOOK): 

a. Parameters to collect: 
i. Date 
ii. Time  
iii. Location (name) 
iv. Site Id (see attached list) 
v. Logger Serial Number 
vi. Name(s) of field staff 
vii. Staff Gauge Reading 
viii. General Notes:  

1. Flow conditions (e.g. dry, choked with reeds, etc)? 
2. Problems with Download? 
3. Problems with Gauge? 

2. Step 2: Data Download Protocol: 
a. All data should be downloaded to WWBWC Field laptop to insure consistent 

records and process 
b. All data is downloaded into: My Documents>200x Downloads Folder (create new folder if 

new year) 
c. Create a folder for the DATE you are in the field downloading. Also place a tag on 

the folder indicating the types of data downloaded that day  (e.g 3-7-07_Flow) 
d. Save data using naming system outlined below: 

i. All synoptic flow measurements will be in following format: 
1. mmt_SITE-ID13_DATE_INITIALS 
2. Example: mmt_LWJH_6-6-6_1-4-7bb 
 

ii. All gauge or stage data from loggers will be formatted as follows: 
1. gh_TYPE14_SITE_DATEDEPLOYED_DATEDDOWNLOAD

ED _INITIALS 
2. Example: ghtt_LWJH_1-4-7bb  

a. Represents: gh, Trutrack, Little Walla Walla System, 
Johnson Creek at Hardesy’s, 1-4-7, Bob Bower 

3. Step 3: Logger-Data Check List: After saving the data, check the logger status and view 
the data GRAPHICALLY to insure following:  

a. Loggers and data files’ dates and times are correct   
b. Logger has adequate battery (In-situ) 
c. Using graph to see if data appears to be “real” (going up and down, scale appears to 

be representative).  
d. Note Next Download Date 

4. Step 4: Logger Restart:  

                                                 
13 Site names are listed in Appendix A. 

14 Type is the type of logger used at the site: TT = Trutrack, MT= Minitroll  
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Appendix B-2: Trutrack Download Procedures 

1.  Click on the Omnilog Data Management icon at the bottom of the computer on the task bar 
(it looks like a globe) 

2.  Connect the cable to the Trutrack Logger 

• Connecting to logger, please wait will appear 
3.  Once connected to the Logger; record serial # and Logger ID 

4.  Click on the Show Current Values of Probes in Real Time icon (second icon from the left side 
of the tool bar) and record the water temperature, logger temperature, and water height 

• When finished recording this data, click out of this screen 
5.  Click on Download icon (located on the Logger Control, third tab from the left) 

6.  Click Download (this may take a few minutes) 

7.  Once downloaded, click on the icon left of the printer icon (Export the currently selected 
Dataset to other Applications icon) 

8.  Click on Export to Microsoft Excel (.xls) with Excel installed on this computer (no limits), the 
first tab that appears 

• This will open Microsoft Excel and download the file to it 
• Once the download is complete, go to: 

o Save As 
o My Documents 
o 2007 Downloads 
o Create New Folder 

 Label the New Folder with today’s date 
o Save the file using the following format: 

 gh_type_site ID_date deployed_date downloaded_initials 
 Ex:  ghtt_LWJH_1-4-7_2-16-7_dg 
 gh = gauge height 
 tt = Trutrack 
 LWJH = Little Walla Walla System, Johnson Ck. at Hardesy’s 
 1-4-7 = date deployed 
 2-16-7 = date downloaded 
 dg = initials  

• Once Saved, close Excel 
      9.  Go to the Start Logger tab 

• Change Logger ID to include today’s date 
o Ex:  LWJH_2-16-7 
o Make sure the sample period is set at 30 minutes 

     10.  Once logger ID is changed, click on Start Logger 

• Be sure to record next download date 
     11.  Go to Logger Status 
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• Make sure the logger is Running to Full 
12.  Once confirmed, click out of currently connected logger (x at top right of logger control 
screen) 

Appendix B-3: Trutrack Calibration Procedures 

1. Place the calibration tube into a 5-gallon bucket, secure the calibration tube to some 
place where the tube can stand up hands free (ex: table leg), fill the calibration tube full 
of water 

2. Insert the NIST Thermometer into the calibration tube, turn it on, make sure it is 
reading in degree Celsius (oC) 

3. Open Omnilog Data Management, located at the bottom of the computer on the task 
bar (looks like a Globe) 

4. Connect the cable to the Trutrack Logger 
5. Once the logger is connected, Click on the Show Current Values of Probes in Real Time 

icon (second icon from the right side of the tool bar) and record the water temperature, 
logger temperature, and water height 

6. Now put the logger into the water at the first tick mark, just above the vent hole at the 
bottom of the logger, record the water height (mm) 

7. Now lower the logger down into the water to the second tick mark, which is located 
below the top vent holes and record the water height (mm) 

8. Hold the logger in the water and record the water temperature as well as the NIST 
thermometer reading 

9. Click on the Channel and Probe Setup tab, the tab for the Water Temp (Ch 1) should 
automatically open 

10. Select the required probe type – Thermister 
11. In the calibration window there is a box that reads Actual Value 

 

Calibration       

  Actual Value   

Single Point 0.00   Single Point 

 

12. Enter the NIST Temperature in the Actual Value Box 
13. Click on Single Point 
14. Click on Write Unit, Scaling, and Calibration values to the logger 

  

                

  Write Unit, Scaling and Calibration values to the logger 

                

 

The logger should now be calibrated to the correct temperature 
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15. Now take the logger out of the water 
16. Refill the calibration tube with water 
17. Click on the Channel and Probe Setup tab 
18. Click on the Water Height (Ch 4) tab, select the required Probe Type – Water Level 

HiRes 
19. Insert the logger to the first tick mark again and hold it there 
20. Enter 0 in the First Point Box, then click First Point 
21. Lower the logger to the second tick mark (below the top vent holes) 
22. Enter the appropriate length in mm that pertains to the logger you are calibrating 

(500mm, 1000mm, 1500mm) in the Second Point Box, then click Second Point 
23. Then click Write Unit, Scaling and Calibration values to the logger 

 

Calibration     

  

Actual Value 

  

First Point 0.00 First Point 

Second Point 0.00 Second Point 

 

                

  Write Unit, Scaling and Calibration values to the logger 

                

 

24. After Calibration is complete, refill the calibration tube and check to see if the water 
height values are correct, they should read 0 at the first tick mark and 500mm, 1000mm, 
or 1500mm depending on the size of the Trutrack being used.  Record the values on the 
calibration sheet.  The values may not always be exact, there may be some variability, 
record the measurement on the Calibration Sheet so we know how much the logger is 
off. 

25. Disconnect the Trutrack 
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Appendix B-4: IN-SITU MiniTroll Download and Deployment Procedures 

1.) Check download schedule, battery replacement schedules, and consult list of thing to take in 
field before you leave 

2.) Connect download cables to the computer then connect miniTROLL 
3.) Click on “Win-Situ 4.0” icon on desktop 
4.) Double Click on “COM4-19200” 

a. miniTROLL serial # will appear under “On-Line(1):COM4-19200” 
b. if it doesn’t, connect the cable in the other USB port 

5.) Click logger symbol miniTROLL serial # to show tests and info 
6.) Under “Tests” info about each test on logger will appear with specific icons: 

a. Red runner icon indicates a test in progress 
b. Red X icon indicates test stopped due to logger or battery failure 
c. Green checkmark icon indicates a completed and stopped test 

7.) Download, export, and save logger data (if need be) before you restart.  If you are deploying 
logger for the first time, skip steps 7 and 8. 

a. Download 
i. Click on the active test: it has most recent date  
ii. Click “Extract” 
iii. Click “View” 

b. Export and Save 
i. With the current test’s bin file highlighted on the left, click “File” and 

“Export to Excel” 
ii. Excel window will appear.  Click “Save As” 
iii. Save file in “My Document” in a file with the current date.  Create one if 

one does not exist using the format “9-1-8” for Sept. 1, 2008 
iv. Name the download using the following format:              

gh_SITE_startdate_enddate initials 
1. Well example: gh_GW14_6-20-8_9-23-8np 
2. Surface example: gh_LWJH_6-20-8_9-23-8wl 

8.) You can choose to stop the current test after you download or not.  If the logger has >6 
months of data points on one test, stop the test and start a new one 

a. To redeploy logger without stopping test 
i. Click on the current test and make sure it still says “RUNNING” 
ii. Check measurement interval is 1 hr and battery capacity is 100% 
iii. Close Win-Situ4, disconnect logger, and redeploy  

b. To stop test 
i. Click on current, running test 
ii. IF you have downloaded, exported, and saved test, click “Stop”  
iii. RECORD date and time test stopped 

9.) To deploy logger or restart logger on a new test 
a. In order to add a test, you may have to delete an old test.  Right click the oldest test 

and click “Delete” 
b. Click “Tests”  
c. Click “Add”  
d. Fill in name and parameter, click “Next” 

i. Test Name: gh_SITE_startdate.  Example: gh_GW14_9-23-8 
ii. Parameter: Select temperature and pressure 

e. Test Wizard: select “Linear” and click “Next” 
f. Measurement Interval: select 0day, 1hr, 0min, 0sec, 0hund; click “Next” 
g. Start Mode: select “Manual Start;” click “Finish” 
h. Click “Start” and then “OK” 
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a. Start Logger with new files name (based on system above, minus download date) 
b. Placed in same location (as best you can) 
 

5. Step 5: Notebook/Laptop to Office Transfer: 
a. Upon arriving back in office make sure to do the following:  

i. Enter Q mmts into electronic format insuring field notes get recorded into 
sheet 

ii. Put gauge height files, and entered Q mmts into the proper place on the file 
server 

iii. Verify that the folder for the current date is in the correct year’s folder 
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i. RECORD start time  
i. Click “Extract” and “View” to confirm test is running 

i. When main window appears, there should be one measurement  
10.) RECORD battery capacity 

a.   If battery is <100%, do not deploy 

b.  Review battery replacement schedule spreadsheet in office.   

Logger lithium AA batteries must be replaced every nine months  

regardless of the battery capacity.   

11.) If the test is running click on “Online (1):COM4-19200” 

 a. Click “Drop” or just close the program 

 b. Disconnect cable and logger, shut down computer, deploy logger 

12.) When you return to the office, put the downloaded data on the laptop for each day in the 
appropriate hydroshare folder.  When all downloads from a particular folder have been 
put into “WellNet” or “GAUGESPRIMARY,” drag and drop the folder/date on the 
laptop into the year folder.   

 a. For example: all folders with 2008 dates whose laptop downloads have been copied 
into hydroshare were finally placed into the “2008 Downloads” folder in the laptop’s 
“My Documents”  
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Appendix B-5: Flow Meter Discharge Measurement (Q mmt) Procedures 

Detailed MMT procedures are located on the USGS training website here: 
http://wwwrcamnl.wr.usgs.gov/sws/SWTraining/Index.htm  

USGS guidelines are followed as much as possible, but their methods are geared toward 
larger streams than what the WWBWC is sometimes working with. For example, on a stream 
1 foot across, it would be very difficult to take the USGS-mandated 25 velocity 
measurements in the cross-section. 

Rules of thumb for MMT SITE SELECTION15: 

 A site that produces the typical profile shape will give the most accurate results. In a 
majority of the cases, problem sites can be identified by a visual inspection. Site inspection 
guidelines are as follows: 

• The channel should have as much straight run as possible. Where the length of 
straight run is limited, the length upstream from the profile should be twice the 
downstream length. 

• The channel should be free of flow disturbances. Look for protruding pipe joints, 
sudden change in diameter, contributing sidestreams, outgoing sidestreams, or 
obstructions. Clean any rocks, sediment, or other debris that might be on the 
bottom of the pipe. 

• The flow should be free of swirls, eddies, vortices, backward flow, or dead zones. 
Avoid areas that have visible swirls on the surface. 

• Avoid areas immediately downstream from sharp bends or obstructions. 
• Avoid converging or diverging flow (approach to a flume) and vertical drops. 
• Avoid areas immediately downstream from a sluice gate or where the channel 

empties into a body of stationary water. 
 

 

 

 

 

 

                                                 
15 FROM: page 1-2 of OPEN CHANNEL PROFILING HANDBOOK,  

JANUARY 1989 (REV 2 JANUARY 1994), as bundled with the Flo-Mate 2000 User Manual. 

Marsh-McBirney Inc. 4539 Metropolitan Court, Frederick, Maryland  21704-9452 

http://www.marsh-mcbirney.com/support_manuals.tpl?getfile=manuals/Model_2000_Manual.pdf 
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Appendix B-6: Download Schedule for 2009 

February: Download and Calibrate 

May: Download 

August: Download 

November: Download 

 

TruTrack loggers can store about six months of data when recording every half hour, but having 
more Q mmts aids the rating process, and downloading more frequently means less data is lost in 
case a logger dies. 
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Appendix C: Rating Gauges 

Appendix C-1: Instructions on how to set up a Gauge rating sheet for the WWBWC system 

 

1. Locate folder of Gauge site you setting up 
a. Bobs Computer: D/Hydro_Share/GAUGESPRIMARY/WWBWC GAUGES/… 

Find folders  
i. WWBWC LWW (START HERE) 
ii. Mainstem Gauges  

2. Make sure data in folder in organized by year.  
a.  e.g. LWBSMI 2003 data 
b. If not sort using Data modified or file name date, build folder structure 

3. In each folder there should be at least three subfolders titled (specifically): 
a. Sitename Analysis YEAR 
b. Sitename GHdata YEAR 
c. Sitename MMT YEAR  
d. Attachment 1 shows the 4-5 digit names for sites in our monitoring system.  

4. Once folders are organized do the following 
a. Open a new EXCEL workbook named/saved as follows 
b. yearRATE_SITENAME_todaysdate_initials 

i. e.g 2006RATE_LWBSM1_12-6-6bb 
5. Now begins the Gauge rating sheet set up:  

a. From the GHDATA folder (all years) 
b. COPY>MOVE GH Data into the work book 
c. Keep them in order of year and name the tab to reflect the first date in the data set. 

6. NEXT rename SHEET 1 in your workbook to: COMPOSITE DATA 
7. ALSO rename SHEET 2 in your workbook to: RATING 
8. Finally Rename SHEET 3 in your workbook to: NOTES 
9. COMPOSITE DATA SHEET: Copy and past all GHDATA into this sheet and remember 

to:  
a. Put a the heading at the top of the sheet (e.g. Number Date Time …etc) 
b. Put the GHDATA in sequence of year 
c. Leave a blank row between each new data set 
d. If data is missing, please note this in the NOTES worksheet, describing time period 

missing 
10. Next COPY THE BLANK RATING TEMPLATE into the RATING worksheet 
11. Open ALL Discharge measurements (MMTs) sheets for all years.  

a. Once opened, take a separate piece of blank loose leaf paper collected the 
information you need to populate the table from the BLANK RATING 
TEMPLATE which should include:  

i. Date measurement taken 
ii. Time measurement taken 
iii. Discharge measured (Q) 
iv. Stage Height 
v. Temperature Recorded  
vi. uS (specific conductivity) recorded 
vii. X-sectional Area 
viii. Average Velocity 
ix. Wetted Width 
x. Who Collected the measurement? 
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12. Next copy the following information into three columns below the table: 
a. Date   Time  Discharge    (for all mmts) 
b. Copy and paste this into the COMPOSITE Sheet to the right of the data 
c. Using the date and time, paste each corresponding Q MMT next to its date/time 
d. After all are entered, go back through the COMPOSITE data and copy the 

following information to the RATING TABLE 
i. Logger Date 
ii. Logger Time 
iii. Logger Stage (height) 
iv. Make notes of any missing data or issue you find in the NOTES worksheet. 

13. Finally, if there are photos of the site in the gauge folders, Insert the picture to the right of 
the RATING table (insert/picture command).  

14. Save folder and move on to next gauge site 
WWBWC Flow Gauge Station Rating Processing Steps (QA/QC) 

1/13/04 

 

Bob Bower 
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Appendix C-2: DISCHARGE RATINGS AT GAGING STATIONS.  

Chapter A10 of USGS Report: “Techniques of Water-Resources Investigations of the United States 
Geological Survey.” By E. J. Kennedy, Book 3 (Applications of Hydraulics) 

 
Steps for WWBWC Simple, stable channel, Low-medium flow range discharge ratings and data 
processing: 
 

1. Create Database with site name, year, and “rate” in file name title 
2. Input raw stage data from year(s) as workbooks inside the spreadsheet 
3. Input field notes 
4. Input Rating MMTS:  

a. Specifically: Date, Time, Q mmts, x-sectional area, average velocity and average 
depth, widths, who collected data,  

b. Input corresponding recorder stage for rating measurements in rating mmt table 
c. Check recorder stage versus staff stage 
d. Check for time shift (daylight savings) 
e. Graph MMTS: look for low-medium range flow best-fit regression(s) 

5. Plot raw stage data, note shifts (positive or negative, value: using just before and after offset 
values) 

6. Adjust stage with shifts 
7. Plot adjusted stage (check graphically) 
8. Determine regression and solution for low flow data (best least squares fit regression) 

a. Use equation and adjusted stage, check against measured Q values 
9. Determine regression and solution for medium flow data (best least-squares fit regression) 

a. Use equation and adjusted stage, check against measured Q values 
10. Determine adjustment between low-medium range regressions (adjust) 
11. Determine regression and solution for flow data (extrapolated above highest mmt) (best 

least-squares fit regression) 
12. Rank data quality (See Appendix C-3) 

a. Good (least squares and compared MMT Q shows strong correlation) 
b. Fair (shows correlation) 
c. Poor (shows weak correlation) 

13. Insert Analysis notes worksheet, provide analysis synopsis and rank data 
14. Create final data set and separate excel file.  Include only data and contact information. 
15. Print all pertinent data sheets from analysis, place in WWBWC Gauge Binder 
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Appendix C-3: Rating Grading System 

Grading System Explanation

Rating Record Rating Record

A excellent excellent

B one excellent one good

C good good

D one good one poor

F poor poor

No breaks in 
record

few or short 
breaks in record

long or many 
breaks in recordPoor

Good

Excellent
curve-fit r2 value >= .75 

and interprets logger 
data well

curve-fit r2 value < .75 
and interprets logger 

data well

Curve-fit is difficult - 
seasonal vegetation or 
other problem hampers 

accuracy
 

Table 1.  

Grades for WWBWC rating data are based on two criteria: 

1. Rating curve equation. If the R2 value is less than 0.75, the rating’s grade is reduced. 

2. Period of record. If the data has a lot of holes in it (time when the logger wasn’t recording data) 
the grade is reduced. 

Additionally, the rating grade may be adjusted based on visual inspection of the graphed data set. For 
example, loggers sometimes record bogus data in the cold.  

Appendix C-4: Other rating methods. 

Not every site monitored by the WWBWC is rated as described in Appendices C-1 and C-2. Weirs, 
for example, can be rated much more exactly using the equations listed below: 

 

Weir equation
Q = 3.33Lh^1.5
Submerged weir correction eqation
Q/Qs = [1-(h2/h1)^n]^3.85
Q - free unsubmerged weir discharge
Qs - submerged discharge
h1 - upstream head
h2 - downstream head
n - coefficient (1.5 for suppressed rectangular)  

Flumes such as LWFD (Figure 4) can also rated using an equation, such as the following:  

Q = K1*(H1+K2)^u, where Q is the discharge, h1 is the upstream sill-referenced head, and K1, K2, 
and U are all constants defined by the flume.  
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Appendix D: Walla Walla Union-Bulletin Article on Dropping Flows 2-16-0816

 

                                                 
16 Article from the Walla Walla Union-Bulletin 

112 S. 1st Ave. Walla Walla, WA 99362 - Phone (509) 525-3300 

http://union-bulletin.com/articles/2008/02/16/local_news/local02.txt 
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The Shallow Aquifer Monitoring Project 
 
Overview 
Since 2001 the Walla Walla Basin Watershed Council (WWBWC) has been constructing 
a network of shallow monitoring wells (<250 feet) in the Walla Walla River Valley as 
part of its long-term efforts to understand the shallow (unconfined) alluvial aquifer.  The 
primary objective of establishing this network is to help water and fisheries managers in 
the basin better understand surface-groundwater interactions as they relate to salmon 
recovery and groundwater supplies.  The monitoring network is also used to track the 
implementation of artificial aquifer recharge projects currently in operation.   
 
Well monitoring consists of measuring the static water level (SWL), or the depth to 
water, and water temperature and conductivity.  The well monitoring network is 
comprised of continuous monitoring wells, instrumented with pressure transducers that 
measure static water level once per hour, and non-continuous wells which are measured 
manually every three months.  Temperature and conductivity measurements are also 
taken quarterly at each monitoring well.  
 
The WWBWC worked with the Oregon Water Resource Department (OWRD) and 
Washington Department of Ecology (WDOE) to develop protocols for monitoring well 
location, measurement, and maintenance.  Many of the original monitoring wells in the 
network were established or drilled by OWRD and WDOE.  Other partners in the basin 
such as the Hudson Bay District Improvement Company (HBDIC), The Native Creek 
Society, and Gardena Farms Irrigation District #13 (GFID#13) have contributed to 
expanding the monitoring network through direct monitoring and landowner outreach.  
Many of the dedicated monitoring wells were also established as part of the basin’s three 
shallow aquifer recharge projects.  A summary of the established monitoring wells is 
found in Table 1. 
 

Monitoring Group State Number of Wells 
OWRD Oregon 10 
WWBWC Oregon  33 
WWBWC Washington 18 
WDOE Washington 13 
Native Creek 
Society 

Washington 13 

HBDIC Recharge 
Project 

Oregon 4 

Hall-Wentland 
Recharge Project  

Oregon 3 

Locher Road 
Recharge Project  

Washington 3 

Total / 97 
Table 1: Summary of wells in the Walla Walla Basin Shallow Aquifer Monitoring Project. 
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In addition to monitoring well data collection, WWBWC also performed an extensive 
search for historical records and information about wells in the network.  This historical 
and background information was compiled in 2008 as the Monitoring Well Notebook, 
which includes water rights, well logs, USGS and OWRD historical SWL data, well GPS 
coordinates and elevation, maps, and photos of the wells.  The Monitoring Well 
Notebook serves as institutional memory of the monitoring network and gives insight into 
historical uses and conditions of the wells and aquifer.  It also allows WWBWC to easily 
share well information with the community and agencies.   
 
Well Network Monitoring Area  
The Walla Walla Valley River Basin is a bi-state system located in northeastern Oregon 
and southeastern Washington State (Figure 1.)  The river basin is approximately 1,760 
square miles, with an underlying shallow alluvial aquifer of 200 square miles (Figure 2.)  
Ninety to 95 percent of water rights in the basin are served by the shallow alluvial 
aquifer, making it a highly important source of water for irrigated agriculture and 
domestic and municipal uses.        

 
Figure 1: Map of the bi-state Walla Walla Valley River Basin 

  
In addition to supplying wells with groundwater, the shallow alluvial aquifer also feeds 
the springs, streams, and rivers of the Walla Walla basin.  The high connectivity between 
the aquifer and surface water bodies is important in enhancing base flows and cooling 
water temperatures for threatened salmonoid species in the river system. 
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Figure 2: The Walla Walla Valley River Basin and underlying shallow alluvial aquifer. 

 
Starting in 2003, the WWBWC and its partners have been building a community-based 
groundwater monitoring network. This network involves establishing observation wells 
that measure long-term water levels and provide geologic information. In 2001 a dozen 
shallow aquifer wells total were monitored in Oregon and Washington.  This hand-full of 
wells was inadequate to effectively manage this vast underground reservoir which 
supplies thousands of domestic and agricultural wells as well as base flows to the Walla 
Walla River.  In 2008, WWBWC and its state and local partners monitor nearly 100 wells 
with 12 more to come online in February 2008 (Figure 3.)   
 
The well network includes both urban and rural wells in and around Milton-Freewater, 
Umapine, Walla Walla, College Place, and Touchet (Figure 3.) They are owned by a 
variety of water users, including states, counties, cities, businesses, and universities 
within the basin.  However, most monitoring wells are irrigation or old domestic wells 
owned by private land owners.  All the participating well owners do so voluntarily, aiding 
in the effort to understand and mitigate the decline of the aquifer: a critically important 
resource to the entire local community. 
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Walla Walla 

College Place 

Touchet 

Umapine

Washington / Oregon Boundary 

Milton-Freewater

Figure 3: The shallow alluvial aquifer Monitoring Well Network in Oregon and Washington. 

Methodology 
Shallow groundwater aquifer monitoring entails both continuous and quarterly water 
level measurements.  Continuous monitoring wells are instrumented with pressure 
transducers (Figure 4) that hang in the well below the water level and electronically log 
water pressure in PSI every hour.  The pressure measurements are then converted to static 
water level.  The SWL measurements of the entire well network show the water height of 
the aquifer spatially over the basin, allowing the WWBWC to track aquifer changes over 
time.  
 
In addition to continuous monitoring wells, the well network includes many non-
continuous or quarterly monitoring wells.  These wells are not instrumented with 
expensive pressure transducers, but rather SWL data is collected quarterly.  While non-
continuous monitoring wells provide only a snap shot of the aquifer, the SWL data from 
these wells provides an inexpensive way to monitor a larger part of the aquifer.  
 
To manually measure the SWL at a non-continuous well, an e-tape is lowered into the 
well.  E-tapes are measuring tapes with electrodes on the end that sound when they touch 
the well water surface, completing the electrical circuit.  Manual SWL grab samples are 
also taken quarterly at all the continuous monitoring wells to verify the transducer data.  
A summary of continuous and non-continuous monitoring wells is shown in Table 2. 
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Figure 4: Three types of pressure transducers.  From top to  
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bottom: MiniTroll, LT 100, and MicroDiver.
 
ing Well 

Number 
in Oregon

Number in 
Washington 

Total Number 
of Wells 

us 23 31 54 
tinuous 27 16 43 

50 47 97 
ble 2: Summary of monitoring wells in Oregon and Washington. 

nductivity grab samples are also collected quarterly; however no 
information is collected.  This data shows groundwater quality, age, 
 movement in the shallow aquifer system.  The temperature and 
lso provide baseline conditions for the system that will be used to 

BWC/Oregon State University (OSU) groundwater modeling and 
 

l field manual that further details transducer deployment, download, 
d quarterly data collection procedures is attached in Appendix A-1. 

data collection, WWBWC collected historical and background 
ells in the monitoring network.  Well logs and water rights were 

ll on the OWRD and WDOE websites.  Additionally, data from the 
ey (USGS) and WDOE allowed WWBWC to locate 17 irrigation 
onitoring in Washington, thereby expanding the network from 
he entire shallow aquifer.  Using the available coordinates, the well 
was located using the MapSifter 7.0 program on the Walla Walla 
nally, GFID#13 and the Native Creek Society helped WWBWC 
s about participating in the Shallow Aquifer Monitoring Program. A 
 web tools used for the historical information search is attached in 

 collected in the historical information and well search was compiled 
ng Well Notebooks.  They are shared via hard copy and electronic 



form with water managers and the community, although well owner name and 
information is anonymous.  An example of a Monitoring Well Notebook page is attached 
in Appendix A-2.      
  
Data Processing and Analysis 
During data processing continuous transducer data is compensated for atmospheric 
pressure using data from dedicated barometric transducers located at the WWBWC office 
in Milton-Freewater.  The data is then converted from PSI to feet of water and subtracted 
from the logger cable length to calculate the SWL for each measurement.  SWL data is 
plotted both continuously and year by year to show changes in the depth to water 
throughout the aquifer over time.  The graphs also show any mistakes in data entry, data 
analysis, or in logger data collection.   
 
Data analysis, results, and general well information from the well notebook are shared 
with other agencies, water mangers, water users, and community members.  It is also 
available to the public via the WWBWC website at www.wwbwc.org or by contacting 
Nella Parks by phone at 541-938-2170 or email at nella.parks@wwbwc.org.  
 
Summary 
Approximately 97 wells are monitored in the Walla Walla Basin shallow alluvial aquifer 
in 2008, up from only a dozen in 2001.  While the monitoring network of wells in Oregon 
is extensive, in the coming year more existing irrigation wells and new dedicated 
monitoring wells will be instrumented, enhancing the spatial coverage and the potential 
for understanding and mitigating aquifer decline.   
 
The importance and usefulness of the Shallow Aquifer Monitoring Project is clear; it is 
vital to the current and future understanding of groundwater resources, aquifer decline 
and recharge, surface-groundwater interactions, and base flow in the Walla Walla River.    
Using the well network WWBWC and partners in the basin have quantitatively 
illuminated the steep decline of the shallow aquifer and shown the significant influence 
and response by the system to aquifer recharge projects.  Furthermore, the well 
monitoring network data is being used to inform decisions on current and future aquifer 
recharge projects.  This data will also be used in the basin-wide WWBWC/OSU 
modeling projects which will provide water professionals and communities with a 
comprehensive tool to manage water in the Walla Walla River Valley in the years to 
come. 
 
Finally, the Shallow Aquifer Monitoring Project is successful not only in compiling 
aquifer data and analysis, but also in community outreach because it depends on 
voluntary land owner participation and local support.  Many citizens have contributed 
vital information to the project and also become more aware of aquifer decline and other 
water issues in the Walla Walla Basin. 
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Appendix A-1 
 

WWBWC Well Monitoring Field Instructions 
 1.) Before you leave the office  

a. Laptop should be charged  
b. Check battery replacement and logger download schedule  
c. Review “Equipment Needed” (see #2 below)  
d. Review WellNet notebook pages if needed  
e. Review “Procedures” (see #3 below)  
f. Sign out in main office  
g. RECORD your start miles, start time, and the project you will bill   
  

2.) Equipment Needed  
a. General  

i. WELLS KEYS (usually in laptop case)  
ii. Cell phone, GPS, Camera and extra AA batteries   
iii. Flashlight, headlamp and extra batteries  
iv. Hammer, pipe wrench, flathead screw driver, big crescent 

wrench, blue cable snips  
v. Socket set  

b. Information and Paperwork  
i. Tatum/clipboard  
ii. Well Field Instructions and Procedures   

1. See: Groundwater Field Instructions and Procedures folder 
in WWBWC WellNet   

iii. Field mmt data sheets and field notebook   
1. Field mmt data sheets saved on laptop on desktop and in 

“My Documents” in “MMT data sheets” folder.   
2. Record data onto hard copy of data sheet or on field laptop  

iv. Blue WellNet notebooks for reference.  They contain maps, 
addresses, photos, coordinates, well owner names, etc.  

v. “Well Info” pages/spreadsheet with details for mmt at each well  
1. Also in WellNet notebooks or  

vi. Business cards and pamphlets about WWBWC  
c. Downloading/Logger Equipment  

i. CHARGED Field laptop  
ii. Cables for MiniTroll, LevelTroll, and MicroDiver loggers  
iii. Battery removal tool for MiniTrolls  

d. Logger Maintenance  
i. U-bolts and copper crimps  
ii. Extra AA lithium batteries  
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2.) Equipment Needed (continued…) 
e. Static and Grab Samples Equipment  

i. E-tape and extra 9V batteries  
ii. Bailer  
iii. Graduated cylinder   
iv. Conductivity/EC meter (w/ thermometer)  

f. Other  
i. Sounding tape  
ii. Mmt tape (meter tape)  
  

3.) Procedures  
a. RECORD THE DATE, TIME, SITE NAME, AND EQUIPMENT 

INFORMATION  
b. Static mmts  

i. Review well info page for the point at which you should take the 
static measurement (“mmt_pt”)  

ii. Turn E-tape on to “Test” and make sure it sounds  
1. If it doesn’t buzz, adjust the “Sensitivity” knob   
2. If it still doesn’t buzz, change the batteries  

iii. Turn E-tape to “Buzz”  
iv. Lower E-tape into well slowly,  making sure the tape doesn’t 

come off the sides of the reel  
v. When the tape buzzes, pull the tape up and down until you can 

determine the exact level.    
vi. TURN THE ETAPE OFF  
vii.  RECORD the static level and whether the pump is on or off  

c. Grab Samples  
i.  Unlock the bailer and lower it into the well-you may hit bottom or 

hear it fill   
1. Lower bailer into well ONLY if there is ample space for it.    
2. Do not lower it into wells with vent hole access only  

ii. Reel the bailer back slowly, trying to keep it from banging against 
the sides of the well  

iii. Empty the bailer contents into the graduated cylinder   
iv. Put the EC/Cond probe into the graduated cylinder   

1. Push the on/off button  
2. Wait for reading to stabilize; RECORD   
3. The reading in degrees C and µs for conductivity  
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d. Deploying Loggers  
i. Sound well and RECORD or look up well log to find out what well 

depth is  
ii. Take a static depth and RECORD   
iii. Measure and cut aviation cable to hang logger   

1. Order cable thru accnt at Widner Electric/Napa: 938-55118  
2. Cable should be 10-20 feet below the static level, but should 

not rest on the bottom of the well.   
3. Remember to account for the length of the logger and the 

cable needed to attach the cable at the surface  
4. RECORD the length of the cable and the logger number  

iv. Attach the cable to the logger using two copper crimps AND a 
1/16” U-bolt   

1. Order both thru accnt at PGG: 938-5551  
2. Crimp the copper crimps with fencing tool or cable snips  
3. Tighten U-bolt with the socket   

v. Attach the cable at the surface with copper crimps  
vi. Once the logger is started and attached lower it slowly into the 

well  
vii. Measure the top of ground adjustment (the distance between 

where you measured the static and the ground) and RECORD  
viii. Take a photo of the well and GPS the coordinates (UTMs) and 

elevation (ft)  
e. Downloading Loggers  

i. Record the time, site name, and logger number  
ii. Follow steps outlined in the procedures for particular brand of 

logger, saving all downloaded files on the laptop  
iii. Record the status of the hardware and battery  
iv. SHUT DOWN COMPUTER (battery doesn’t last with it on)  

f. Office transfer of data  
i. All static mmts, grab samples, download information, TOGs, 

coordinates, etc go in the “Statics, Grabsamples, Well Info” folder 
in WWBWC Wells in WellNet  

ii. Update the downloading schedule on the white boards and in the 
excel worksheet (see above)  

iii. Order needed equipment well in advance  
iv. Report any problems with well, data, or safety to Troy or Bob  
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In-Situ MiniTroll Download and Deployment Procedures  
  

1.) Check download schedule, battery replacement schedules, and consult list of thing 
to take in field before you leave  

2.) Connect download cables to the computer then connect miniTROLL  
3.) Click on “Win-Situ 4.0” icon on desktop  
4.) Double Click on “COM4-19200”  

a. miniTROLL serial # will appear under “On-Line(1):COM4-19200”  
b. if it doesn’t, connect the cable in the other USB port  

5.) Click logger symbol miniTROLL serial # to show tests and info  
6.) Under “Tests” info about each test on logger will appear with specific icons:  

a. Red runner icon indicates a test in progress  
b. Red X icon indicates test stopped due to logger or battery failure  
c. Green checkmark icon indicates a completed and stopped test  

7.) Download, export, and save logger data (if need be) before you restart.  If you are 
deploying logger for the first time, skip steps 7 and 8.  

a. Download  
i. Click on the active test: it has most recent date   
ii. Click “Extract”  
iii. Click “View”  

b. Export and Save  
i. With the current test’s bin file highlighted on the left, click “File” 

and “Export to Excel”  
ii. Excel window will appear.  Click “Save As”  
iii. Save file in “My Document” in a file with the current date.  

Create one if one does not exist using the format “9-1-8” for Sept. 
1, 2008  

iv. Name the download using the following format:              
gh_SITE_startdate_enddate initials  

1. Well example: gh_GW14_6-20-8_9-23-8np  
2. Surface example: gh_LWJH_6-20-8_9-23-8wl  

8.) You can choose to stop the current test after you download or not.  If the logger 
has >6 months of data points on one test, stop the test and start a new one  

a. To redeploy logger without stopping test  
i. Click on the current test and make sure it still says “RUNNING”  
ii. Check measurement interval is 1 hr and battery capacity is 100%  
iii. Close Win-Situ4, disconnect logger, and redeploy   

b. To stop test  
i. Click on current, running test  
ii. IF you have downloaded, exported, and saved test, click “Stop”   
iii. RECORD date and time test stopped  

 9.) To deploy logger or restart logger on a new test  
a. In order to add a test, you may have to delete an old test.  Right click the 

oldest test and click “Delete”  
b. Click “Tests”   
c. Click “Add”   
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d. Fill in name and parameter, click “Next”  
i. Test Name: gh_SITE_startdate.  Example: gh_GW14_9-23-8  
ii. Parameter: Select temperature and pressure  

e. Test Wizard: select “Linear” and click “Next”  
f. Measurement Interval: select 0day, 1hr, 0min, 0sec, 0hund; click “Next”  
g. Start Mode: select “Manual Start;” click “Finish”  
h. Click “Start” and then “OK”  

i. RECORD start time   
i. Click “Extract” and “View” to confirm test is running  

i. When main window appears, there should be one measurement   
10.) RECORD battery capacity  

a.   If battery is <100%, do not deploy  
b.  Review battery replacement schedule spreadsheet in office.    

Logger lithium AA batteries must be replaced every nine months   
regardless of the battery capacity.    

11.) If the test is running click on “Online(1):COM4-19200”  
 a.  Click “Drop” or just close the program  
 b.  Disconnect cable and logger, shut down computer, deploy logger  
 c.   TURN OFF COMPUTER  
12.) When you return to the office, put the downloaded data on the laptop for each 

day in the appropriate hydroshare folder.  When all downloads from a 
particular folder have been put into “WellNet” or “GAUGESPRIMARY,” 
drag and drop the folder/date on the laptop into the year folder. For example: 
all folders with 2008 dates whose laptop downloads have been copied into 
hydroshare were finally placed into the “2008 Downloads” folder in the 
laptop’s “My Documents” 
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In-Situ Inc. Level TROLL 300 Download Procedures 
 

1.) Check download schedule, battery replacement schedules, and consult list of thing 
to take in field before you leave  

2.) Connect download cables to the computer then connect levelTROLL  
3.) Click on “Win-Situ 5.0” icon on desktop  
4.) Click the connect icon on the bottom right hand part of screen (two yellow cables 

coming together)  
a. You may be asked to synchronize time.  Before doing so, RECORD the 

logger’s time (difference in time.)  
b. If it does not connect make sure it is using COM5 and all the cables are 

connected properly, if that doesn’t work close Win-Situ and try again.  
5.) Click on the Logging tab (clipboard and pencil icon) at the top  
6.) To download  

a. Right click on the most recent test, RECORD test status if not running   
i. Running man icon means test is still running  
ii. Green checkmark means the test was downloaded and stopped   
iii. Red X means the test stopped due to an error  

b. Click “download”  
c. When complete, view the data  
d. Click “file” at top of page and click “Export to CSV”  
e. The file is automatically saved in “My Documents” on laptop  

i. Go to “My Documents”  
ii. Click on the WinSitu folder  
iii. Click on the particular site/well folder you are downloading  
iv. Find the most recent download and copy it   
v. Paste the download into a folder in “My Docs” named for the 

current date.  
7.) Battery and Hardware Check   

a. In the Win-Situ 5.0 window, click the hammer and cog icon at top   
i. Click “Diagnostics”  
ii. RECORD the used battery, used memory, and available memory  
iii. If battery sufficient (compare to available battery), stop and 

restart.  
b. RECORD the status of the U-bolt, crimpers, cable, and attachment   

8.) To Stop  
a. Click the clipboard and pencil icon at top   
b. Right click the log/test you just downloaded, click stop  
c. RECORD stop time  

9.) To start a log at a NEW site, follow below steps.  To add a new log to existing 
site, skip to step 9.  

a. Click the “Home” tab at top left of screen  
b. Click the “Site” button (blue and green planet icon)  
c. Click the “New” button (page icon with sunburst)  
d. Enter details for name of site: GW##_PlaceName  

 i. Example: GW122_LeeHome  
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e. Click “Save”  
f. Follow all steps to add a new log (step 10 below)  

10.) Restarting-To “restart” you must add a new log/test  
a. Click New button (page icon with sunburst) at bottom left of “Logging” 

(clipboard icon) window   
b. Select the correct (current) site name.  If this is not a new deployment, the 

site name should be an option in dropdown menu  
c. Give the new test/log a name with current date: gh_GW##_m-d-y initials.      

i. Example: gh_GW40_10-8-8np  
ii. Click the arrow to continue  

d. Parameters-select C and ftH20 for temp and pressure; click arrow to 
continue   

e. Logging method-Select “linear;” click arrow to continue  
f. Log interval- select 1 hour; click arrow to continue  
g. Start/Stop Condition-select “Manual Start;” click arrow to continue  
h. Final Screen- check that summary of log setup is correct  

i. If correct, click the checkmark.  If not, click the back button to fix  
i. In the “Logging” window, right click the new test and click “Start”  

i. RECORD start time  
11.) CHECK and deploy/redeploy   

a. CHECK THAT LOGGER IS COLLECTING DATA!  
i. Follow steps 6a-c above  

b. If logger logged temp and pressure measurements, continue to step 11  
12.) Close and disconnect  

a. Close Win-Situ 5.0   
b. Disconnect logger from computer and cable  
c. Redeploy logger IF it is running and has enough battery and good U-bolt  
d. TURN OFF COMPUTER  

13.) When you return to the office  
a. Put the downloaded data in “My Documents” on the laptop for each day in 

the appropriate hydroshare folder.    
b. When all downloads from a particular folder have been put into “WellNet” 

or “GAUGESPRIMARY,” drag and drop the folder/date on the laptop into 
the year folder.    

i. For example: all folders with 2008 dates whose laptop downloads 
have been copied into hydroshare were finally placed into the 
“2008 Downloads” folder in the laptop’s “My Documents”   
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Appendix A-2 
 

Monitoring Well Notebook Page Example 
 

GW_16 
 
 

 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

GENERAL INFORMATION 
Well Number GW_16 
Address Milton-Freewater 
State Oregon 
Coordinates 
 11T 5092203N 392743E  
Township & Range 6N/35E-34BAA 
Elevation 882’ 
Location at site Backyard 
Gate? No 
Locked? No 
Logger? Type? No 
Pump? No 
Special tools needed none 
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GW_16 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

WELL INFORMATION 
 
WWBWC Well ID GW_16 
County/State ID UMAT 5007 
OWRD SOW ID 855 
USGS Well ID 455737118252101 
Well log? yes 
Well Log ID number n/a 
Water right? Yes- GR3169 
Observation well data? None  
Type (drilled, hand-dug) Hand dug 
Year of construction 1915 
Field sounding depth 53.4’  
Well log depth  50’ 
USGS depth 54’ 
Use of water (crop, domestic) abandoned 
Comments 
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Appendix A-3 
 

A List of Websites and Tools Used to Find Well Information 
 
Oregon 
OWRD Well Log Query 
http://apps2.wrd.state.or.us/apps/gw/well_log/Default.aspx  
 
OWRD Water Rights Information System 
http://www.wrd.state.or.us/OWRD/WR/wris.shtml  
 
Umatilla County Assessment and Taxation 
Phone 541-276-7111  
E-mail at@co.umatilla.or.us 
 
Washington 
WDOE Well Log Viewer 
http://apps.ecy.wa.gov/welllog/index.asp  
 
Walla Walla County Assessors Office- MapSifter 7.0 
http://wallawallawa.mapsifter.com/mapsifter/default.aspx  
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Overview:  

The Walla Walla Watershed is a bi-state watershed located on the western edge of the Blue Mountains 

in the northeastern corner of Oregon State and the southeastern corner of Washington State with the 

river systems flowing to the Columbia River to the west.  (figure. A-1).  The watershed covers 

approximately 1760 – square miles.  As in many watersheds in the Western United States, the Walla 

Walla River basin’s water quality and endangered species issues are heavily influenced by the timing, 

availability, quality and quantity of water originating from both surface and ground resources. While the 

more obvious, seasonal variation in supply (winter-spring = higher flows, summer-fall = lower flows) is 

well documented in readily available from various gauge sites throughout the basin. Historically, there’s 

been a lack of understanding of the Walla Walla River flow varies spatially relative to: water use, 

groundwater inputs, evaporation, irrigation returns, and tributary inputs.  From the near pristine 

headwaters (Upper South Fork and Upper North Fork Walla Walla River) to near the confluence with 

the Columbia (Nine Mile Bridge) variations in environmental conditions help shape the flow profile for  

the Walla Walla River.   
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-1.  Map of Walla Walla Watershed showing Walla Walla River  

 in 2002, WWBWC staff, local agency personnel, and volunteers from Washington and 
began conducting seasonal instream flow, diversion inventories, and tributary flow surveys 
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termed “seepage runs” as a primary first step toward quantifying the spatial variation in water volume for 
the Walla Walla River (Bower, 2005).  Seepage runs, at first, were conducted in two primary seasons of 
concern; spring (typically June) when ESA listed Bull Trout (not sure these are capitalized) are moving 
from the lower to upper watershed to either spawn or rear for the summer months and August when 
Clean Water Act water quality issues and low flow volumes are at their most critical levels.  Starting in 
2007, the WWBWC and its partners added a fall seepage run in order to better assess flow conditions 
for returning Steelhead Trout (ESA listed) and Spring Chinook (CTUIR).  This report builds on the 
assessment completed in 20051; shares the data collected from these bi-state cooperative seepage runs. 
The primary focus of the analysis presented in this report is to quantify the channel bed gains and losses.  

The analysis and discussion in this report we will be generally reviewing the data and identifying areas of 
net gains and losses, while also discussing general trends. However the main objective of this report is to 
present this dataset for use by our numerous project and policy-planning partners to better manage and 
monitor instream flows in the Walla Walla basin watershed”    

Methodology: 
Data collection and quality 

Seepage runs were typically completed over a 48-hour period with most of the measurements taken 
during the first 24-hour period.   The QAPP for the Watershed Management Initiative Hydrology, 
Fisheries and Aquifer Recharge Monitoring-Modeling Project outlines the protocols for cross-sectional 
measurements (figure A-2 ) used by the WWBWC to collect the instream flow data2.   

 

Figure A-2  WWBWC Staff conducting a cross-sectional measurement. 

Other groups also utilized directly used this protocol or 
variations on it to conduct their flow, tributary and diversion 
measurements. For more information on how a particular 
agency or group measures flow contact the project partners 
directly.  Data was recorded using a variety of flow methods 
including hand and spreadsheet calculations. Diversion 
measurements were made using a variety of methods 
including: “weir stick” (used in conjunction with a particular 

                                                            

1 Bower, R.J. 2005.  Walla Walla River Surface Water Budget Assessment: 2002 to 2004. Walla Walla Basin 
Watershed Council.   

2 WWBWC, 2008.  Watershed Management Initiative Hydrology, Fisheries and Aquifer Recharge Monitoring-Modeling 
Project, Walla Walla Basin Watershed Council And the WMI Technical Review Team 

4 
 



 
 

weir’s rating table), flow-rate meters on pump or diversion, estimate of rate of diversion using sprinkler-
head-counting method sprinkler and on the larger diversions continuous flow recorders. Most diversion 
sites were recorded by direct measurement using weirs, meters and/or flow meters. Tributary inputs 
were calculated using an instream flow measurements or gauge station closest to the confluence of the 
tributary and the Walla Walla River. At each gauge the average daily flow was used to represent flow for 
the site. 

While not directly relevant to the analysis shared in this report, each field team also collected parameters 
such as (1) channel and riparian photographs, (2) temperature (F), (3) specific conductivity (uS) (4) 
cross-sectional channel profile (wetted width and depths in feet). This information is available through 
the Walla Walla Basin Watershed Council’s website3.Data collected by all project partners was 
indivdially compiled by each of the collection agencies and then organized and analyzed by the 
WWBWC.  

The one exception to the data collection methods outlined above was in 2002, when Washington 
diversion rates were not estimated from field verified estimates but from the allocated (paper) water 
rights filed with the state. This data was removed from this analysis because it was not field verified. 
Starting in 2003, most of the water rights on the Washington portion of the river were field verified 
except for the lowest most portion of the river (below Lowden Road Bridge). From 2004-2008 water 
rights were field-verified for all Washington’s point of diversions making this subset of seepage runs the 
most quantitative in data quality and spatial coverage. However in this report we will be sharing the 
entire seepage run data set (2002-2008?), the analysis will focus just on the years 2004 to present. 

In August 2003, the United States Fish and Wildlife Service (USFWS) was able to collect additional 
flow measurements in the upper South Fork watershed, which makes that year the most  complete 
headwaters-to-confluence flow profile of the datatset. In Oregon, all points-of-diversion (POD) were 
field verified. The data for all 9 seepage runs can be found in Attachments A-1 through A-9. 

Spatial Flow Model of Walla Walla River  

In order to spatially assess the longitudinal profile of the Walla Walla River, a method by which to 
spatially place flow data in context to the river as a continuous system was needed. Two byproducts from 
the ODEQ-WWBWC’s Temperature TMDL modeling efforts (Butcher, D. Bower, R. 2005, ODEQ-
WWBWC4)) were (A) hand digitized, channel-thalweg line-polygon generated from recent 2000 aerial 
photographs of the Walla Walla River and (B) ArcView 3.3 Extension T-tools was used to dissect this 

channel-thalweg into 25-meter reference points or nodes that were spatially numbered from mouth to 

near the headwaters (Figure A-3).  This provided the ability to establish actual river miles and visually 

                                                            

3 www.wwbwc.org 

4 http://www.deq.state.or.us/WQ/tmdls/docs/wallawallabasin/appxa.pdf 
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place diversions, instream flow measurements and tributary inflows into this actual river mile context 
using GIS and recent aerial photographs. Watermasters from both states worked with WWBWC staff 
to ensure that diversions, tributaries and instream flow sites placements were accurate.  Nodes were used 
to create a longitundal accurate spatial model spreadsheet5 of all data points which was used to process 
the data for each seepage run event. 

 

 
Figure A-3  Polygon Map of Walla Walla River showing Ttools generated numbered 25-meter channel nodes in red that allowed measurements 
to be put in longitundal context relative to total Walla Walla River length. (Butcher, Bower, 2005) 

Reach Analysis:  
Analysis was conducted using a simple mass-balance approach assessing water balance values on a reach-
by-reach basis. Reaches were defined by the closest upstream and downstream instream flow 
measurement. All water budget calculations were performed from a given instream flow site upriver to 
the next nearest instream flow site. The equations for net tributary inputs and diversion withdraws are 
mass balance of all values in a defined reach. The basic equations for water budget analysis were6: 

  Equation 1:  

 (1)  Net Channel Gains and Losses (NGL) = (∑ (TR) - ∑ (DR)) + (QDN – QUP) 

 Where:  ∑ (TR) = Sum of all Tributary Inputs for given reach 

   ∑ (DR) = Sum of all Diversion withdraws for a given reach 
                                                            

5 Microsoft’s Excel (Version 2002) 

6 Bower, R.J. 2005.  Walla Walla River Surface Water Budget Assessment: 2002 to 2004. Walla Walla Basin 
Watershed Council. 
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   QDN = Flow value at reach’s downstream site   

   QUP = Flow value at reach’s upstream site 

Units: cubic-feet-per-second/reach 

Equation 2 (format)  

(2) Net Rate of Channel Bed Gains and Losses (NGL-R) = (NGL)/ (RMDN – RMUP) 

Where:  (NGL-R) = Net Channel Gains and Losses for a given reach 

   RMDN = River Mile at downstream flow site 

   RMUP = River Mile at upstream flow site  

Units:  cubic-feet-per-second/mile/reach 

 

Analysis Assumptions:  

In order to correctly identify possible gaining or losing trends through the Walla Walla River system 
general assumptions must be made to identify and quantify immeasurable components of the model.  
Each one of the points listed below is the assumptions that were made as the data was analyzed. 

• Instream, diversion and tributary flow data are representative of actual conditions for a 
particular season and when used in conjunction provide a reasonable and representative flow 
profile for the river for the particular season of measurement. This assumption is most likely 
accurate during the seepage runs in spring /summer and summer/fall.  

• Spatial Model data node (e.g. diversions, instream flow and tributary) locations are +/- 25 
meters of where they were originally sited in 2004. This assumption is likely to have remained 
true for a majority of the sites through the 6 field seasons of data collection. In Washington 
points of diversion (PODs) can be moved short distances without a formal permitting process 
while in Oregon moving a POD location is not allowed without proper POD transfer 
authorization. In Washington, if a particular POD was known to vary by year, a mid-point was 
chosen on the respective reach to represent that POD. Because reach analysis based on 
upstream and downstream instream-measurements, this method seemed applicable.  The 2004 
template was verified by GPS in 2008.  This “mid-point” technical only applied to water rights 
in Washington below Lowden Road Bridge.   
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• Total Instream Net Gains (NGL) can only be attributed to accretional7 sum of the following 
sources: a) groundwater b) hyphoreic8 inflow, c) surface irrigation returns or “tail water” and d) 
any unmeasured springs and tributaries. Due to the inability to quantify these various sources 
via direct measurement NGL is assumed to be a compilation of these various processes.  

• Total Instream Net Losses (NR) can only be attributed to the sum of the following losses a) 
direct surface evaporation from sun and wind, b) evapotranspiration through riparian plant 
transpiration and c) channel bed infiltration or net loss to the underlying alluvial aquifer 
system. Due to the inability to quantify these various sources via direct measurement they are 
assumed to be implicit to the sum of Net Losses.  Net Losses is used here as relative to surface 
water, it is understood that in a high connective aquifer-surface system, water is not truly “lost” 
to entire the Walla Walla River system and may likely show up further down gradient as net 
gains to the river.  

• All surface diversions are accounted for in the diversion inventory fieldwork. Illegal or 
unappropriated diversions, if they exist, are not accounted for in this data nor analysis.  
Through the process of conducting seven years of seasonal seepage runs on the river, the 
likelihood of illegal or unauthorized diversions are low due to high traffic and local knowledge 
that the project partners have of the system.  

• The amount of gains and losses relative to the volume of instream flow measurements were 
assumed to be equal.  Generally a rule of thumb for instream flow measurements is that 
accuracy is within (+/-) 10% of the true flow value. This would mean that a 100 cfs 
measurement would have a confidence range of +/- 10 cfs while a 10 cfs measurement would be 
+/- 1 cfs. This crude confidence range assumption helps as we analyze and discuss the 
qualification of river reaches where net gains and losses are apparent as a trend.  

 

Results and Discussion 

Data was first tabulated into a spreadsheet model, then utilizing the water budget analysis equations 
processed for all nine seepage runs (Attachments B-1 through B-5).  Analysis for each reach is applied 
from the upstream instream flow measurement on that particular line to the next, upriver instream flow 
sites (see attachment). Each instream location was assigned a Walla Walla River Reach ID and the 
application of analysis results can be deduced from the designated “Defined Reach Data” column (table 

                                                            

7 In science, accretion is a process in which the size of something gradually increases by steady addition of 
smaller parts 
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1). Field verified data was used for analysis, except for the short Tum-a-lum Bridge to Pepper Bridge 
reach in Oregon during the 2002 seepage runs.     

 

Table 1:  2008 Excel model data table for the July seepage run. 

Water Year Comparison of Datasets 

The seepage runs conducted between June 2004 and July 2008 were the most representative in both 
spatial coverage and field verified measurement of diversions and tributaries thus were the focus of 
analysis.  Even though a focus period was defined all of the datasets collected, for each seepage run, are 
included in this report. The 2004 irrigation season was considered by the local water resource managers  
to be “wetter” than average with flows in June making it difficult to safely collect instream flow 
measurements (seepage run dates needed to be changed three times). While June 2004 may have been a 
considered a wetter year, that the June 2002 seepage run (Oregon-only) collected seepage data when 
flows were higher than 2004 (Figure B-1 pg 10).  While a wetter June seepage run would be reflected in a 
less representative assessment of water use (rain on crops means less need for diversion volumes) these 
higher instream and tributary flow volumes give us a much better understanding of net channel gains 
and losses which is the primary focus of this water budget.  In 2008 the river conditions were similar to 
that of 2004 and the seepage run was conducted in July do to the high flow conditions.  The conditions 
in July of 2008 are similar in comparison to the conditions assumed to be more ‘typical’ of June. A 
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longitudinal flow profile based on spatial locations of the measurements taken during the 2008 October 
Seepage run can be seen in Figure C-1 (pg 11).  The longitudinal flow profile gives a good general 
overview of where water is available and/or being used on the Walla Walla River. 
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The results from the 2004 June and August net channel gains and losses (NGL) is documented in figures 
D-1 and D-2. 9 Higher June instream flows appear to be influenced by much higher inflows (gains) of 
groundwater in the upper mainstem portion of the river (Grove School Bridge to South Fork Bridge 
with the exception of the area around the Couse Creek confluence. This gaining area during June is 
shown generally to be the opposite (losing) during the August seepage period. The rates of net channel 
gains and losses per river mile (NGL-R) are calculated in order to quantify the magnitude of these gains 
and losses relative to a particular reach’s length. While the values only apply to a particular reach and do 
not reflect actual losses per reach, they do provide a better sense the magnitude of gains and losses 
particularly as they related to identifying areas of significant flux (figures D-3, pg 13 and D-4, pg14).  The 
well documented (Metcalf, S. et. al. 200310) high channel loss rates in Oregon’s Lower Flood control 
levee (Nursery to Tum-a-lum Bridges) is clearly shown in the August seepage analysis results.  

Another reach that appears to show losing tendencies are located on the upper portion of the study area 
at the South Fork River Mile 9 to OWRD South Fork Gauge. The area upstream of Milton-Freewater 
(starting at Grove School Bridge to Reser Creek) was generally assumed to be a gaining section of the 
Walla Walla River because of its geomorphology (narrow, deep canyon) and geology (relatively shallow 
alluvium under-laid by the Columbia River Basalts). Water management for this area upstream of 
Milton-Freewater has historically assumed that water diverted and consequently “lost” through the 
process of conveyance and/or irrigation would return relatively quickly to the river via groundwater or 
springs.  If in fact this area is consistently losing water, the theory of a connected river-water table may 
not always hold true. It is also possible that a change in Walla Walla River gradient may make a river 
appear to loss or gain water which may be the case here.  

 

 

 

 

 

 

                                                            

9 In Figures D-1 through D-4 the template was not changed for the presentation of this data, missing values meant that a 
particular reach was not measured; the value that does show up represents from the last upstream site. 

10 Selker, John and Star Metcalf. 2003. Monitoring of ground water and surface water interactions on the Walla Walla 
River, Oregon for the Purpose of Restoring In-Stream Flows for ESA Listed Fish Habitat. Oregon State University. 
http://www.wwbwc.org/Projects/Monitoring_Research/monitoring_research.htm 
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Another useful product from this analysis was the net tributary and diversion values associated with each 
reach of the river.  This provides a useful visual tool to assess, relative to instream flow values, where and 
the magnitude of mainstem flow contributions and withdrawals. (Figure D-5)  

In the Oregon portion of the basin's two upriver sites and the Little Walla Walla diversion are the sites 
most visually apparent. It should be mentioned that the Little Walla Walla River diversion is in the 
proximity of where the Walla Walla River historically braided into multiple channels consisting 
primarily of three main distributaries. The Tum-a-lum Branch (now called the mainstem), the East 
Little Walla Walla River (now named Crockett Ditch and East Prong of the Little Walla Walla River) 
and the West Little Walla Walla River (now named the Ford Ditches and West Prong of the Little 
Walla Walla River). MAP would help show what you are talking about in these two paragraphs? 

Other, further west distributaries such as Mud, Dry, and Pine Creeks were most likely tied into this 
distributary system.  Much of the once historical distributaries, west of now mainstem (Tum-a-lum 
Branch), were converted into irrigation conveyance systems for hundreds of farms. Because the Little 
Walla Walla system is currently used mostly for irrigation purposes, it was treated as a diversion for 
purposes of analysis.  As part of the Water Management Initiative Program funded by the Washington 
Department of Ecology this Little Walla Walla system will undergo summer and fall seepage assessments 
in 2009.  It should be noted also that it is generally believed that water lost in this portion of the basin 
can return to the mainstem Walla Walla River as groundwater and springs (e.g. Big Spring and East 
Little Walla Walla River flow, and at certain times of year as West Little Walla Walla River flow).   

In the Washington section of the river (Pepper Bridge to confluence (mouth) with Columbia) major 
tributary contributions from both East Branch (Prong)11 of the Little Walla Walla River and 
Yellowhawk Creek help to approximately triple the instream flow volumes (Old Milton Highway 
Bridge (14.2 cfs) to Walla Walla River (WDFW #5) 28.9 cfs). The major diversions in Washington in 
August appear to be located in the lower section of the river (Touchet-Gardena Road to MacDonald 
Bridges). It should be noted that due to the large scale for flow (y-axis) in this graph that the smaller, 
point diversions are difficult if not impossible to see. A review of the data (Attachments A-1 through A-
9) does show that in August seepage runs that there are numerous diversions along most all segments of 
the river.     

June is truly a transitional month for flow and net channel bed gains and losses. (Figure B-1, pg 11) With 
analysis of the data sets collected there appears to be reaches that are consistently gaining (Grove School 
Bridge) or losing (Lower Levee M-7 and M-6).  

 

                                                            

11 Source of this tributary water generally thought to be from springs (primarily from the Big Springs branches and East Prong 
Little Walla Walla area) located in the Little Walla Walla system  that convey ground water returns from the channel bed losses 
in Oregon’s Levee section: Tumalum Bridge to Grove School Bridge. 
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Even though there are reaches that show consistency, there are other locations that can demonstrate 
both gaining and losing net channel flow (Day Road, Joe West Bridge). This is mostly likely due to the 
highly variable instream flow volumes for each of June seepage runs.  

In order to scale these August analyses relative to instream flow, it is useful to use the instream flow 
profile for August (Figure E-4, pg 19). It does appear that 2004 generally showed the lowest flow 
volumes when compare to the August data sets. This would appear counter intuitive to the idea that 
2004 dataset represented a ‘wetter’ than average year, however perhaps other environmental conditions 
or cropping required additional water from the river causing these lower flows.    
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Water Budget Analysis and Mapping: Channel Bed Gains and Losses 

The primary purpose of calculating both the rate and total volumes for net channel gains and losses is to 
better understand which areas of the river are likely influenced by the underlying shallow aquifer system. 
This type of information is particularly applicable for the numerous other modeling and research efforts 
currently underway in the Walla Walla River system. For salmon and bull trout recovery research, the 
collected data provides spatial reference to potential areas for rearing habitat, where groundwater gains 
can provide cool water to gaining reaches while a losing reach may help create thermal or passage 
barriers.  Currently the WWBWC and its partners are studying the relationship between the inflow of 
groundwater12 into the Walla Walla River and its relationship with temperature changes and fish 
movements.  It also provides valuable information with regards to where ground water from the Little 
Walla Walla River may reemerge in the Walla Wall River mainstem aside from the more obvious surface 
tributary sources which is directly applicable to some assessment processes like the Habitat 
Conservation Plan and USACE Feasibility Study.  

The rate of channel bed gains and losses for the August (low flow) for all five years of the study is 
documented in Figure F-1 (pg 20). Generally areas of gaining and losing reaches is done using color 
blocks (blue: gaining, red: losing, yellow: inconclusive) and reaches points are labeled.  The one 
inconclusive reach (Couse Creek Bridge to Joe West Bridge) showed too much variability in the gain 
and loss rates to visually categorize.  

Two other areas of particular interest should be noted from this analysis. RM 9 to OWRD gauge 
appears to be consistently a net losing reach.  The other area of interest is the Washington portion of the 
river is from Swegle Road to Old Milton Highway Bridges. This area showed relatively high rates of loss 
in an area that generally was assumed to a more stable or even gaining (groundwater return from Little 
Walla Walla and Mill Creek systems). A water budget map depicting the results of this August net gain 
and loss rate analysis is shared in this report as Figure F-2 (pg. 23).  

 

                                                            

12 (Fiber Optic Groundwater and Fisheries Study,OWEB Grant #208-8002) 
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Utilizing the simple mass balance equation (Total Volume of Water Budget = Total Net Gains and Losses 
+ Total Tributary Gains + Total Diversion Losses) and the total of water exchanged in the designated 
modeled area from the August and October 2007 datasets, and the 2008 July Dataset were further 
quantified using percent distribution.   The percentages of the total volume of water movement in the 
modeled area relative to distribution are displayed in Figures G-1 and G-2. August 2007 results show 
that from the OWRD gauge upper South fork)(106 cfs) to Nine Mile Bridge (5.7cfs) diversions, (80%, 
125 cfs) in the low flow season, make up the majority of the water budget while the tributary inputs 
(18%, 28 cfs) and groundwater returns are much less significant.    

Figure: G-1 

 

 

 

 

 

 

 

In October we see in increase in tributary inputs (31%, 91cfs) and a relative  increase in groundwater 
returns (9%, 28 cfs) which combined is 40% of the total budget.  The net diversion totals although 
greater at 173 cfs then in August of 2007 the diverted water percentage of the budget is lower at 60% 
(20% less from August totals) (FigureG-2).  The October percentages, shown in the graph above, most 
likely show the return of seasonal rains, the decrease in diversions due to drops in consumptive use, and a 
shift in the Walla Walla River water budget. 

Figure: G-2 

 

 

 
 

 



 
 

 

Conclusions:  

 

The water budget analysis and data sets provide in this report provide water managers and researchers in 
the Walla Walla basin a more refined tool by which to look at seasonal and spatial flow distribution in 
the Walla Walla River system.  While these values represent ‘snap shots’ in time, the information can be 
coupled with the numerous continous gauges sites to help piece together the trancient nature of this 
flow system. Rates of net gains and losses provided an estimate of the magnitude of channel bed flux 
relative to three important irrigation related seasons in the Walla Walla basin. Generally the results of 
the analysis tend to support the current theories about where the river shows groundwater gains and 
losses with several exceptions. Areas such as Oregon’s Levee segment that have been shown through 
other studies to be areas of high loss are confirmed using this data collection and analysis approach. 
Further seepage runs should be conducted to confirm these results with particular focus being spent on 
areas where analysis was either inconclusive or contradictory to commonly held theories about the river.  
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Overview 
 
During the 2000-2006 irrigation seasons, the Gardena Farms Irrigation, Hudson Bay District 
Improvement Company and Walla Walla River Irrigation districts (in consultation with 
USFWS) bypassed a significant portion of Walla Walla River’s summer time flow to a 
previously dry segment of the Walla Walla River as determined by a Civil Penalty agreement.  
While that agreement expired in 2007, the irrigation districts have continued to bypass the 
original flows agreed upon as they continue to work through the Habitat Conservation 
Planning (HCP) process.  (A copy of the most recent agreement can be found below.) 
 
The bypassed flow from the three irrigation districts provides passage for ESA-listed steelhead 
and bull trout.  In 2007, there was not formal agreement as there had been in years past (see last 
standing agreement below) between USFWS, Environmental groups and the three major 
irrigation districts on the Walla Walla River. This flow also supports the return of a host of 
other animals and plants to this river segment including; other salmonids (Chinook), beaver, 
aquatic hunting birds such as kingfishers, mink, osprey, as well as the reestablishment of 
riparian vegetation.  This flow has also be shown to help improve water quality conditions and 
in particular, river temperatures, which goes to supporting the reduction of temperatures for 
the TMDL implementation process.  This report is a compilation of flow and temperature data 
collected in 2007 which fulfills the final monitoring requirement of the signed agreement.   
 
 
 

Civil Penalty Settlement: 
U.S. Fish and Wildlife Service 

v. 
Hudson Bay District Improvement Company, Walla Walla River Irrigation District, and 

Gardena Farms Irrigation District #13 
 
The Walla Walla River Basin is located in the southeast corner of Washington State and the 
northeast corner of Oregon State. Drawing 1 shows the location of the basin in the two states, the 
Walla Walla River and its major tributaries. 
 
In June, 2000 the Walla Walla River Irrigation District (WWRID), the Hudson Bay District 
Improvement Company (HBDIC) and the Gardena Farms Irrigation District #13 (GFID) 
entered into Civil Penalty Settlement, Endangered Species Act 16 U.S.C 1540(a); 50 CFR Part 
11, FWS.PN.2731 with the United States Fish and Wildlife Services (USFWS). The 2004 
amended agreement settlement supersedes the June 9, 2000, June 27 2001, and August 4, 2003, 
settlement agreements. The amended agreement requires that the irrigation districts operate their 
irrigation facilities in a manner that minimizes their impact on fish and to collect data on instream 
flows, water temperature, irrigation diversions and fish.  The data collected is to be summarized in 
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an annual report. This report summarizes data obtained 1 January 2004 through 31 January 
2005 pursuant to the amended Agreement.  
 
Under the Settlement Agreement, the three districts are responsible for ensuring that certain 
hydrologic and fish monitoring is conducted and reported to USFWS. Hudson Bay District 
Improvement Company and Walla Walla River Irrigation District agree to ensure a minimum 
instream water flow of 27 cubic feet per second (cfs) through the month of June during 2004, 2005, 
and 2006, and then a minimum flow of 25 cfs during the remainder of 2004, 2005, and 2006, as 
well as every year after at the Nursery Bridge Dam. Gardena Farms agrees to ensure a minimum 
instream water flow of 19 cfs through the month of June during 2004, 2005, and 2006, and then a 
minimum flow of 18 cfs during the remainder of 2004, 2005, and 2006, as well as every year after 
just below the Burlingame Diversion. The three districts also agree to cooperate in fish salvage 
operations on the Walla Walla River or within diversion screens or canals within their irrigation 
districts.  
 

Monitoring Requirements 
Hydrologic monitoring of temperature and discharge shall be conducted from just above Cemetery 
Bridge downstream to just below the Burlingame Diversion. Monitoring shall continue between 
May 1 and November 30, 2004, 2005, and 2006, and between May 1 and June 30, 2007. 
Continuous stream flow and water temperature monitoring shall be conducted at the following 
sites, provided it is safe to maintain equipment in the river.  Continuous temperature monitoring 
year-round at M4 shall also be maintained. The sites in Oregon are: 
   
  
 
 
                 Site        Latitude     Longitude            River Mile
 
M1A, Grove School Bridge            N45° 18.70’             W118° 24.82’                  46.1 
  
M4, Nursery Bridge                         N45° 50.20’            W118° 5.17’                   44.5 
 
M8, Tum-A-Lum Bridge            N45° 36.61’          W118° 31.36’                 42.3 
 
USFWS DS M4                             N45° 56' 49.16''        W124° 23' 06.23''           n/a         
 
USFWS US M1A                         N45° 54' 55.69''        W124° 22' 21.86''           n/a 
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USFWS DS M8                                     no GPS points available                             n/a 
 
Continuous flow data (15 minute or hourly) from the following sites or OWRD gauging stations 
shall also be acquired and compiled as available. 
 

1. Eastside 
2. HBDIC gauge below Nursery Bridge (M4) 
3. Little Walla Walla Diversion, OWRD #14012100 
4. North Fork Walla Walla River, OWRD #14010800 
5. South Fork Walla Walla River, OWRD #14010000 

 
Upon request, the respondents further agree to provide the USFWS with the continuous hydrologic 
data for specified time intervals. 
 
The three primary monitoring sites in Washington are identified as: 

Site               Latitude Longitude River Mile 
    

WDOE #32A120, WWR @ Peppers Bridge N46° 0’ 09” W118° 23’ 55” 39.8 
    

WDOE #32D050, Yellowhawk Creek N46° 1’ 3.45” W118° 23’ 56.95” n/a 
    

WDOE # 32A105, WWR @ Beet Road N46° 1’ 29.57” W118° 25’ 37.53” 36.4 
       

 
These Washington sites are monitored by both Washington Department of Fish and Wildlife 
(WDFW) and Washington Department of Ecology (WDOE). Washington Department of Fish 
and Wildlife obtained continuous flow data for Yellowhawk Creek, where as the remainder of the 
sites data was obtained by Washington Department of Ecology. 
 
Continuous data (15 minute or hourly) from Burlingame Canal Diversion shall also be acquired 
and compiled as available. Respondents shall provide 10 cfs or more stream flow through the 
Burlingame Fish Ladder to ensure appropriate passage conditions for bull trout. 
 
Monitoring shall also include semi-permanent reference sites, with staff gauges installed. Figure one 
shows the location of staff gauges at the Oregon sites. Reference stakes to North American Vertical 
Datum (NAVD) 88 were to be installed. However, this was not accomplished in 2004, but will be 
completed by April 2005, with the assistance of the United States Fish and Wildlife Services.  
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The Walla Walla Walla Basin Watershed Council Report contained in Appendix D describes the 
flow and temperature information collected by the Council at sites in Oregon on behalf of the three 
irrigation districts and the USFWS.
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Appendix  A 

 
 
 

2007 South Fork Walla Walla River Gauge OWRD Provisional Data (Gauge #14010000)
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2007 North Fork Walla Walla River OWRD Provisional Data (Gauge #14018000)
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2007 Little Walla Walla River Gauge OWRD Provisional Data (Gauge #1401210)
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Appendix B 
 
 
 
 
 

WALLA WALLA RIVER IRRIGATION DISTRICT 
P.O. Box 248, 323 Evans Street 
Milton-Freewater, OR  97862 

541-938-0144 
wwrid@qwest.net 

 
 
 
Ms. Michelle Eames 
U.S. Fish & Wildlife Service 
11103 East Montgomery Drive 
Spokane, WA 99206 
 
 
Dear Ms. Eames,        March 19, 
2008 
 
 The Walla Walla River Irrigation District does not have continuous flow 
data for the Eastside Diversion for the 2007 irrigation season.  
 
 The Eastside Diversion, as well as each individual Eastside water user, is 
metered. Walla Walla River Irrigation District staff monitors use at the Eastside 
Diversion on a daily basis. 
 
 If you have questions or concerns, please feel free to contact me. 
 
Sincerely, 
 
 
Teresa Yeager 
District Manager 
Walla Walla River Irrigation District 

 11



Appendix C 
 
 
 
 
 

WALLA WALLA RIVER IRRIGATION DISTRICT 
P.O. Box 248, 323 Evans Street 
Milton-Freewater, OR  97862 

541-938-0144 
wwrid@qwest.net 

 
Ms. Michelle Eames 
U.S. Fish & Wildlife Service 
11103 East Montgomery Drive 
Spokane, WA 99206 
 
Dear Ms. Eames,        March 19, 
2008 
 
 There was one salvage operation conducted at the Eastside Diversion 
during the 2007 irrigation season. On September 25, 2007 the Confederated 
Tribes of the Umatilla Indian Reservation, Oregon Department of Fish and 
Wildlife and Walla Walla River Irrigation District personnel conducted a fish 
salvage operation in order for construction of a semi-permanent rock weir at the 
Eastside Diversion to begin.  
 
 If you need additional information or have questions or concerns, please 
do not hesitate to contact me. 
 
 
Sincerely, 
 
 
Teresa Yeager 
District Manager 
Walla Walla River Irrigation District 
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Appendix D 
 

2007 Agreement Flow Gauge Stations (Oregon) 
 
Overview 
 
The WWBWC has an established process for rating flow gauge stations. A flow gauge “rating” 
consists of relating instream measurements of discharge (Q in cfs) as they mathematically relate 
to the stage recorder measurement (feet) taken at the time of the instream measurement. 
Typically rating measurements are collected over a wide range of flow conditions to represent 
the unique stage-versus-discharge relationship at each site. Regression equations are developed 
for this relationship which is then used to process the continuous stage date collected at the site.  
 
At WWBWC gauge sites, instream discharge measurements are collected according to United 
States Geological Survey (USGS) and Oregon Water Resources Department (OWRD) 
protocols and procedures. Assistance from OWRD staff has allowed the WWBWC to also 
collect some bridge measurements when instream conditions are too dangerous for wading 
measurements. These high flow measurements have allowed the WWBWC to develop ratings 
that apply to a much wider range of flows.  
 
There are several key components to a gauge site installation and operation. At each site a staff 
gauge is installed to provide a physical measurement against the continuous logger equipment 
and provides the district and OWRD staff a quick way to manage river flows according to 
agreement and state water right law. At some sites these staff gauges are permanent (Grove 
School M-1a) because either a structure (bridge abutment) or channel condition exists (water 
stays in that site year to year) that provides a stable condition installation. At other sites 
conditions are changing from year-to-year making permanent installation impossible (Nursery 
Bridge Gauge (M-4), down cutting and Tumalum Bridge Gauge (M-8), channel position 
changes).  
 
The next key component is the installation of accurate and dependable continuous stage 
recording equipment. The WWBWC gauges (Grove School Bridge (M-1a) and Tumalum 
Bridge Gauge (M-8) use Insitu Minitroll Professional (vented) with bridge abutment mounted 
housings and metal conduit used to secure the recorder in-channel. At the Nursery Bridge 
Gauge (M-4) site, Hudson Bay District Improvement Company (HBDIC) operates a 
WaterLog System using a Waterlog HDR 350 bubble stage recorder and a Waterlog HDR 350xl 
data logger. This equipment is kept in a gauge house located on the east side of the Milton-
Freewater flood control levee.  Also the WWBWC, WWRID and HBDIC have two Marsh-
McBirney Flow meters used to make all the manual flow measurements for this agreement. 
These flow meters are recalibrated at the manufacturer as a part of an annual QA/QC plan. 
More information about these calibrations are available by contacting the WWBWC. 
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Grove School Bridge Gauge (15th Street) (USFWS Agreement # M-1a) 
 
Operated by WWBWC 
 
In 2007, the M-1a (Grove School Bridge) Gauge station was dependable and stable from 
June through the end of the year.  We solved the previous issues with the Insitu (Minitroll) 
data logger which allowed for the collection of continuous data from June 2007 through the 
end of the year.  Changes in channel and ratings are minimized by site conditions like flood 
levee and the bridge abutment channel confinement. Figure 1 shows the modeled versus 
measure flow values for a ranged of discharge measurements.  Data extrapolated higher than 
actual measured discharge values is not shown in the graph from the data set, as its accuracy 
is not dependable.  
 

 

Figure 1 

2007 Grove School Gauge (M-1a) Flow
June 26th through December, 18th 2007 
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Nursery Bridge Gauge (USFWS Agreement # M-4) 
 
Co-operated by HBDIC, OWRD and WWBWC  
 
In 2007 the Nursery Bridge Gauge station owned by the Hudson Bay District Improvement 
Company (HBDIC) continued to some operational problems mainly due to highly unstable 
channel conditions. Since the gauge’s installation in 2002, the channel has incised an estimated 
4+ feet at the site, forcing the rating of the gauge to take place on a year-by-year basis. This year 
the HBDIC gauge equipment collected data throughout the agreement period providing an 
uninterrupted record at Nursery Bridge Gauge site. WWBWC took a majority of the rating 
measurements for this year.  Figure 2 shows the modeled versus measure flow values for a ranged 
of discharge measurements.  Data extrapolated higher than actual measured discharge values is 
not shown in the graph from the data set, as its accuracy is not dependable.  
 
 
 
 

Figure 2 

2007 Nursery Bridge Gauge (M-4) Flow
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Tum-A-Lum Bridge Gauge (USFWS Agreement # M-8) 
 
In 2007, the Tum-A-Lum Bridge Gauge remained a fairly stable and dependable flow station. 
The channel is currently moving away from the gauge station on the east side with a gravel bar 
exposed in the middle of the channel during low flows.  The WWBWC will continue to 
monitor the position of the channel in reference to the gauge station to insure the gauge 
stations viability. A staff gauge was not installed at this site in 2007 due to problems with them 
being stolen due to the high recreation traffic near the site.  Figure 3 shows the modeled versus 
measure flow values for a ranged of discharge measurements. Data extrapolated higher than 
actual measured discharge values is not shown in the graph from the data set, as its accuracy is 
not dependable. 
  
 

            Figure 3 

2007 Tum-A-Lum Bridge Gauge (M-8) Flow
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2007 Temperature Data from WWBWC  
 
The WWBWC recorded temperature in four locations along the agreement portion of the 
river. These site included Grove School Bridge, HBDIC Nursery Bridge Gauge, M-7 Lower 
Levee and Tum-A-Lum Bridge Gauge. All the Vemco loggers past their QA/QC calibrations 
and successfully recorded the temperature fluxuations through the agreement portion of the 
river.  All sites utilized for the temperature 2007 agreement monitoring are depicted in 
appendix H.  Please contact Troy Baker, WWBWC if you have any more questions or 
concerns.  
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hydrologic connection to surface water through a series of springs, unlined 

irrigation canals, the Walla Walla River, numerous wells and, since 2004, 

artificial recharge to the shallow aquifer using infiltration basins.  

 

The finite element Integrated Water Flow Model (IWFM) developed by 

California Department of Water Resources was used to quantify all of the 

major hydrologic features of the basin.  Using the information provided by the 

Walla Walla Basin Watershed Council, irrigation districts, and previous 

studies conducted at Oregon State University and by consultants, the model 

was setup and calibrated, and a water budget simulation was performed for 

the years of 2003 to 2006.      

 

It is shown that close to 96 percent of the land use water demand goes to 

agriculture growing 16 major crops.  60 percent of the water comes from 

surface water diversions flowing through unlined irrigation canals , which 

themselves lose 28 percent of their inflow to the unconfined gravel aquifer. 

The calibrated and validated model was used to simulate  the flow of the 

Johnson Creek Springs, which were shown to have increased flow due to the 

artificial recharge project. 
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1. Introduction 

1.1  Watershed Background  
 

The Walla Walla Watershed, which is shared by the states of Oregon and 

Washington, has gained public attention for its successful river restoration 

efforts in recent years.  Listed in 1998 as America’s 18th Most Endangered 

River, the Walla Walla River has seen successful changes occur in both the 

main stem that serves as a habitat for many endangered species, and in the 

restoration of water levels in the shallow aquifer gravel system on the Oregon 

side of the watershed.  With the collaboration of concerned groups, numerous 

studies have been funded in the area, and with the negotiation of irrigation 

districts, the watershed has been able to apply water resource management 

programs.1 

 

In the year 2000, two irrigation districts in Oregon, the Hudson Bay District 

Improvement Company and Walla Walla River Irrigation District, and one in 

Washington, Gardena Farms Irrigation District, agreed to leave 25 cfs (61x103 

m3/d) in the Walla Walla River on the Oregon side and 18 cfs (44x103 m3/d) 

on the Washington side (WWBWC, 2002).  This program together with the 

discontinuation of gravel mining and the approval of the U.S. Army Corps of 

Engineers for construction of a levee by Milton-Freewater, OR and the Flood 

Control District, allowed for restoration of riparian vegetation and reduction of 

the temperature of the river.  Previously dry in the summer, today the Walla 

Walla River not only maintains flows throughout the year, but also creates 

aquatic habitats by restoration of the “natural” meandering of the river. 

 

In 2004, on the Oregon side of the Walla Walla River Basin, the Walla Walla 

Basin Watershed Council (WWBWC), in partnership with the Hudson Bay 

District Improvement Company, created a pilot project to recharge the shallow 

aquifer by diverting water in the winter (November through May) from the 
                                                 
1 For more information on this and other related programs visit wwww.wwbwc.com 



 

 

2 

 
  

 

irrigation canals into three man-made infiltration basins.  As a result of this 

restoration practice, aquifers levels have increased, making this pilot program 

a significant contributor to the optimization of regional water resources.  This 

recharge project not only maintains a stable flow in the old springs that drain 

into the Walla Walla River, but also helps the local economy by leaving more 

water in the aquifer that can be pumped for irrigation purposes, in the case of 

an increased demand, or used in the case of a drought season.   

 

A hydrologic simulation model for the Milton-Freewater region has been 

developed and calibrated using information gathered by the WWBWC since 

the year 2002 and other scientific research projects. This extensive work 

included the installation of monitoring wells, monitoring of irrigation canals 

and surfaces flows, installation and maintenance of climatic stations, 

determination of hydrogeology stratigraphy (Lindsay, 2003), land use 

coverage, and estimation of aquifer parameters  including hydraulic 

conductivity and porosity.   

1.2 Project Goals  
 
In order to visualize the extended effects of water resource management 

projects and new potential scenarios, it is necessary to understand the 

interactions and functions of the processes involved in this complex 

hydrologic system.  Modern technological advances have made possible the 

development of a hydrologic model capable of simulating the interactions and 

processes between surface water and groundwater.  Results from the 

hydrologic model simulation will help in the decision making process by 

producing a water budget analysis and visualization of several management 

scenarios.  The model chosen for this project was the  Integrated Water Flow 

Model (IWFM), developed by the California Department of Water Resources, 

given its strong conceptual and physically based method of simulating 

groundwater flow and its interactions with surface water, and utilizing a finite 

element method that makes it computationally efficient.  More information 

about the model is provided in section 2.2 IWFM History and Applications 
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2. Literature review and conceptual model setup 
 
An introduction to previous studies and the description of the IWFM 

hydrologic model are presented in this section. The purpose is to give the 

reader a clear understanding of the objectives and capabilities of the model 

used in this thesis and to show the extent of previous studies and their 

limitations. First will be a review of previous hydrologic models developed in 

the area, followed by the history of IWFM, and finally, the studies providing 

new information to develop a new conceptual model. 

2.1 Literature review 
 
Two previous models have been developed for the Walla Walla Basin, the 

model developed by Barker and MacNish (1977) and the model developed by 

Golder Associates (2007) redefining the model created by Barker and 

MacNish. In this section we will discuss some of the limitations of these 

models and how given new information provided from studies by WWBWC 

and OSU, a new conceptual model is necessary to improve our 

understanding of the hydrologic conditions in the area. 

 

The Walla Walla basin area as the eastern part of the state of Oregon has an 

important demand of water dedicated to agricultural production. As an 

example of the amount of water required for irrigation, the Oregon 

Department of Water Resources, based on water rights data, has estimated 

the annual irrigation water demand for the Walla Wallla Basin to be 5.7 to 1.1 

X 105 acre-feet (70.7x106 m3 to 14.1 x107 m3) assuming water use of 1.5 and 

3.0 acre-ft/acre/year (1.8  x103 to 3.7x103m3 ) respectively  and  262 to 1,656 

acre-feet (32.3 x104 m3 to 2.0 x106 m3)  for domestic use (Wozniak , 2007).  

Quoting Wozniak (2007) “the water rights track potential use, these figures 

are likely to be greater than actual use in any given year”.  So, though 

Wozniak (2007) provides helpful estimates, the pumpage figures are highly 

uncertain, and do not distinguish between separate aquifers or indicate which 

existing wells  are used.   
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A hydrologic model can be set up to estimate  groundwater pumping and 

water diversions by land use water requirements or by user specification of 

water needs (see pumping by element 2.3.13)  Barker and MacNish (1973)  

estimate 25,000 acre-feet/yr (30.8 X 106 m3/yr) of pumpage from the gravel 

aquifer. This number was calibrated in the model and first determined by 

examining electrical records. The digital model of Barker and MacNish (1973) 

served as the starting point for numerous projects that are summarized by the 

Pacific Groundwater Group (1995) which includes Cline and Kandle (1990), 

Collins (1987), and James et al. (1991).  In June, 2007 Golder Associates 

employed these results in a modeling effort to evaluate Aquifer Storage and 

Recovery (ASR) strategies proposed by the city of Walla Walla. Golder 

Associates (2007) redefined the Barker and MacNish (1973) model 

boundaries and distribution of aquifer parameters from new information 

collected. Using the redefined model they tested the effects of different ASR 

operations on the basalt aquifer system.  Aquifer parameters for the gravel 

aquifers were calibrated for a single layer aquifer based on previous studies, 

and the hydraulic horizontal conductivity was estimated based on specific 

capacity from well logs. It is important here to mention that the gravel aquifer 

is compose on several layers (Lindsey, 2004) conducting water at different 

rates. A single aquifer layer model will not capture the hydrologic conditions in 

the area, where the presence or absence of the aquifer layers determine how 

fast water moves underground.        

 

Based on the understanding of how water moves, an hydrological model can 

be used to estimate water budgets for their model area.  These water budgets 

can be an extremely useful tool for the management of water resources but, 

they are not scalable in space and time.  Land use and water management 

practices change dramatically over time and space.  Newcomb (1965) not 

only described the geological conditions and water resources in the Walla 

Walla Basin, but also quantified the major components of the surface and 
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groundwater budgets by direct observation of flow in springs, rivers and 

analysis of three years of pumpage.  

 

Water management changes influenced by land use, cropping, demographics 

etc. and new studies measuring hydrological parameters resulted in a 

constant refinement of the water budget estimates.  For example, the study 

by Metcalf (2003) measured the conductivities of stream beds along the Walla 

Walla River and irrigation canals.  The Irrigation system analysis prepared by 

HDR engineering (2004) measured irrigation canal losses.  Robert Bower’s 

(2005) estimation of infiltration rates, and other studies like Lindsey (2003) 

describing the geological conditions in the area, give us new and better 

explained hydrological conditions, requiring a new approach to build a 

different conceptual model.  

 

The area for which the previous water budgets were realized includes the 

gravel and basalt aquifer in Oregon and Washington.  It is impossible to 

simply convert these estimates for a much smaller area because of land use 

and the geological characteristics.  The proposed model intends to provide a 

water budget analysis for a much smaller area where much of the new 

studies have been developed and the system of monitoring gauges run by the 

WWBWC has been set up.   

2.2 Integrated Water Flow Model IWFM : History and Applications 
 

The model chosen to simulate the water resources of Milton-Freewater is the 

Integrated Water Flow Model (IWFM) developed by the California Department 

of Water Resources, given its capability for modeling groundwater and its 

interactions with other hydrologic processes.  It is a comprehensive 

physically-based water resource allocation model that is mathematically 

complex and computationally efficient by application of the finite element 

method. 
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IWFM was first developed by Young Yoon from UCLA in 1976 as a new 

groundwater model.  Major revisions and enhancements followed from 1979 

to 1983 with basin-wide applications by Young Yoon / Boyle Engineering.  In 

1987 stream routing was added and the application to Central Valley 

California was done by Young Yoon / Boyle Engineering.  Surface water and 

land surface processes were added with its release in 1990.  From that time 

many improvements have been made, such as the tile drain simulation (Ali 

Teghavi, 1996) and land subsidence (Ali Teghavi, 1997).  In 2000, 

consolidation of all previous versions was done by Ali Teghavi and Saquib 

Najimus, but it was not until December 2002, with the name Integrated 

Groundwater and Flow Model 2, IGSM2, that the model was first made 

available in the public domain.  The California Department of Water 

Resources changed the name in September of 2005 to Integrated Water Flow 

Model (IWFM).  IWFM, written in FORTRAN 95, is in continuous development 

by Emin Can Drogul and Tariq Kadir with the California Department of Water 

Resources and its modeling support branch of the Bay-Delta Office.2 

 

IWFM has the capability to simulate quasi three-dimensional groundwater 

flow for a combination of confined and unconfined aquifers.  As described in 

Appendix A: Digital Simulation Theory, IWFM uses the Garlekin finite element 

method with the Newton-Raphson method for linearization of the system of 

simultaneous equations.  The capability of simulating surface and 

groundwater interactions , and the land use water demands based on user 

specified crops, makes this an ideal model for the Walla Walla River basin. 

IWFM has been used (as we can see in Table 2.1) for areas as large as the 

California Central Valley  (C2VSIM) simulating an area of  51,800 km2 ,. 

Distributed physically-based hydrologic simulation models like MIKE-SHE of 

the Danish Hydraulic Institute, or HEC–HMS of the U.S. Army Corps of 

Engineers, would require infeasible amounts of computational time to model 

regions of the extent covered by previous applications of IWFM.  

                                                 
2 For more information, visit http://baydeltaoffice.water.ca.gov/modeling/hydrology/IWFM/index.cfm 
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Table 2.1 Some characteristics of previous applications of IWFM: 

Project Name Development 

team  

Simulated  

Area  

km2 

 

Number 

of Aquifer 

layers 

Number of 

Groundwat

er nodes 

per layer 

# of 

Stream 

nodes 

Simulated 

period 

California 

Central Valley 

Simulation 

Model (C2VSIM) 

California 

Department 

of Water 

Resources 

51,800 3 1,393 

 

432 1921 – 

2003 

(monthly) 

 

West side of the 

California San 

Joaquin Valley 

(WESTSIM) 

U. S. Bureau 

of 

Reclamation 

6,291 7 2,602 351 

 

1970 – 

2000 

(monthly) 

 

California 

Merced River 

Basin 

(MercedSim) 

Lawrence 

Berkeley 

National Lab 

5,491 7 2,224 423  

California Butte 

Basin 

Groundwater 

Model 

CDM 3,289 9 3770 753  

California 

Solano County 

Model 

West Yost & 

Assoc 

906 1 257 5  

 



 

 

8 

 
  

 

2.3 Conceptual model formation from previous studies, related literature 
and studies performed by the WWBWC and OSU   
 
The purpose of the Milton-Freewater hydrologic model is to have a tool to aid 

in the water resources management decision making process.  To accomplish 

this goal, a water budget is presented per storage unit or flow process, per 

sub-region and as a total water budget.  In this section we will review the 

processes and output from IWFM and the rationale for each component of the 

conceptual model for the basin.   

 

 

 

Fig.  2.1  Conceptual Water Budget from Colorado Division of Water 

Resources, Office of the State Engineer.   
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The water balance equation for a section of a watershed can be written as: 

P + G in + Qin  – (Qout + ET + Gout) + Qexternal  =                       eq.2.1 

Qout = P –ET ±   

Where: 

P = Precipitation (m/day) 

ET = Evapotranspiration (m/day)  

Qin = Inflow from streams (m3/day) 

Qout = Outflow from streams (m3/day) 

Qexternal = Other Inflow of surface water (m3/day) 

Gin = Subsurface inflow to model area (m3/day) 

Gout=Subsurface flow leaving the model area (m3/day) 

= Change in storage (m3/day) 

 

The IWFM model provides a water budget analysis per each term or storage 

unit in Equation 4.1 separately.  The following table summarizes the files 

generated by the IWFM budget analysis and zone budget analysis which 

presents the calculated fluxes per subregion as well as for the total model. 

 

The following section describes the information known in the model area from 

previous studies and how IWFM considers these components in the 

simulation. The information will be organized based on table 2.2, beginning 

with the variables required for the soils budget, (precipitation) continuing with 

the variables required for the streams budget and finalizing with the variables 

required for the groundwater budget (pumping).  The hydrologic budget files 

have overlapping variables that depending on the budget will have a negative 

or positive sign indicating that they are putting water into the budget or taking 

water out. For example, deep percolation in the soils budget will have a net 

negative sign since water is leaving the soils and a positive sign in the 

groundwater budget since it is recharging the groundwater aquifers. These 

overlapping variables will only be explained once to facilitate understanding 

for the reader.    
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Table 2.2 Components of the IWFM water budget per storage unit.   

Water Budget file  Variables estimated for subregion on the Budget file 

Soils water budget Precipitation, runoff , applied water, return flow, infiltration, 

Actual ET, Deep percolation, change in storage 

Streams (including: irrigation 

canals and springs) two files, 

per river section and as a 

total system 

Upstream inflow,   Downstream outflow, Runoff                  

Return Flow,   Gain from GW,     Gain from recharge project, 

Diversions. 

Ground water Deep Percolation, beginning and ending storage, gains from 

stream, general recharge and recharge from recharge 

project, boundary inflow, subsidence, pumping and net 

subsurface inflow. 

Recharge project (Lake file)  Beginning and ending storage flow from by-pass, 

Precipitation, evaporation, groundwater recharge and 

surface elevation.  

Land water use Area classification, Potential CUAW, supply requirement per 

area, pumping, diversion, shortage, re-use , region imports 

and exports   

Sub group details Dividing land, stream and GW this file identifies agricultural, 

urban supply requirements return flow deep percolation, 

Runoff, gains from gw pumping and subsidence per 

subgroup.  

Reach or stream section. Same variables as in the stream file but here are specified 

per stream reach 

Zone budget GW Storage in & out,  Streams inflow & outflow,                                  

Subsidence in & out,    Net Deep Percolation                        

Specified Head BC, Diversion Recoverable Loss                                              

recharge project           Pumping by Element                           

subsurface flow   and Overall Zone Error 
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2.3.1 Precipitation:  
 

As mentioned by Dingman (2002) “All water enters the land phase of the 

hydrologic cycle as precipitation. Thus in order to assess, predict and forecast 

hydrologic responses, hydrologists need to understand the amount, rate, 

duration and quality of precipitation distributed in space and time.”  In the 

model area, the watershed council has run three ETo stations (see section 

2.3.5 actual ET) with the capability of measuring precipitation.  We conclude 

that a simple interpolation with only three points will not be as complete as 

using the publicly available information from Oregon Climate Services based 

on a much larger interpolation area with many reliable gauges.  A section of 

this interpolated mapping can be selected for our specific location.   

 

For precipitation, we used the monthly averages from the Oregon Climate 

Service precipitation 2006 PRISM Group, Oregon State University.  Using the 

query of Lon  -118.42    Lat 45.962 from the Database webpage at 

http://mistral.oce.orst.edu/www/mapserv we found the following values shown 

in Table 2.3.    

 

Table 2.3 Monthly average precipitation (mm/month) obtain from PRISM used 

in the model.   

Year 2003 Monthly average mm/month           
Jan Feb Mar April May Jun Jul Aug Sep Oct Nov Dec 

65.5 45.3 41.8 52.4 28.6 0.9 0.3 4.6 21.8 7.8 25.9 80.9 

Year 2004                       
Jan Feb Mar April May Jun Jul Aug Sep Oct Nov Dec 

74.8 40.5 9.0 33.1 72.3 46.6 4.4 30.1 13.7 19.4 47.8 30.7 

Year 2005                       
Jan Feb Mar April May Jun Jul Aug Sep Oct Nov Dec 

11.7 0.3 35.4 27.3 67.4 35.1 4.4 0.3 6.9 28.6 39.0 45.2 

Year 2005                       
Jan Feb Mar April May Jun Jul Aug Sep Oct Nov Dec 

82.2 18.0 49.1 70.3 26.3 43.2 3.7 1.0 14.2 18.4 64.0 64.9 
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IWFM partitions  the precipitation in the following ways: Precipitation that falls 

directly on the streams and lakes contributes to stream flows and lake storage 

immediately; precipitation that falls on the ground surface infiltrates into the 

soil at a rate dictated by the type of ground cover, physical characteristics of 

the soil and soil moisture content (see infiltration).  A detailed description of 

the processes simulated by IWFM is presented below.  

2.3.2 Direct Runoff and Return flow (overland flow)  
The portion of water that neither evaporates nor infiltrates generates surface 

flows that contribute either to stream flow or it can infiltrate into the soil further 

down the slope.  Emett (1978) and Abraham et al. (1986) describe a method 

for measuring overland flows distinguishing overland flows that are saturated 

from above and saturation overland flows that are saturated from below. For 

example, when the groundwater table intercepts the ground surface and 

contributes to surface flows in a series of springs. IWFM distinguishes 

between return flow and direct runoff in the following way: Flow generated by 

agricultural irrigation and urban water is modeled as return flow, the rest of 

processes generating overland flow are called direct runoff. Direct runoff and 

return flows, after being computed by IWFM using the SCS curve number 

method, are immediately carried to a pre-specified stream location.  

 

In order to assign the stream node affected by runoff from each element, a 

basic 2D model of the area was generated with the Integrated Ground Water 

model (IGW) to observe the possible water divides (Fig. 2.2).  Seven water 

divides were identified by observing the vectors generated by the 

groundwater flow.  Then, each stream node was assigned the corresponding 

flow vectors by elements. IGW is a free-ware finite difference groundwater 

model obtained from the Department of Civil and Environmental Engineering 

at Michigan State University.  The set up for this model was based on the 

interpolation of groundwater elevations.   
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Fig 2.2  Water divides generated from IGW model,  arrows represent vectors 

of Groundwater flow, red lines equipotential heads, blue lines rivers and 

springs, green lines water divides. 

 

The SCS curve number method was developed by the National Resources 

Conservation Service (Dingman 2002) and used in IWFM to calculate the 

surface runoff.  The SCS method relates the effective rainfall and water 

storage capacity via an empirical relation: 

 

Smax= 1000/CN   -10 

Where Smax = Watershed storage capacity (inches) 

 CN = Curve number based on soils group 

Equation 2.2 

 

From the United States Department of Agriculture soil survey of Umatilla 

County, Oregon, the following soils were identified in the model area: 
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Ellisforde silt loam 1 to 7 percent slopes, Freewater very cobbly loam 0 to 3 

percent slopes, Hermiston silt loam 0 to 3 percent slopes, Oliphant silt loam, 0 

to 3 percent slopes, and Umapine silt loam 0 to 3 percent slopes. All of these 

soils falls into the A soil group, having a low overland flow and high infiltration 

rate.  Assuming for agriculture a straight row crop with an average antecedent 

condition II, the curve numbers used from (Table 9-12 of Dingman 2002) are 

72 for A, 81 for B, 88 for C and 81 for D.  IWFM adjusts for antecedent 

wetness by comparing the soil moisture to the difference between field 

capacity and wilting point.   

 

In the theoretical manual of IWFM ver. 3 (Drogul 2002), usage of the curve 

numbers, CN, listed in the original documentation of the SCS method 

produces values of the  retention parameter, Smax, in units of inches (USDA, 

1985).  In order to use the CN equation to compute Smax in units other than 

inches, one needs to modify CN values.  Rearranging equation 2.2 to convert 

CN from inches to meters we used the following conversion equation. 

 

 

Where  

S* = Storage capacity in meters 

CN* = Curve number in meters 
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2.3.3 Applied water and Return flow calculation  
 
Applied water is the quantity of water used by agricultural and urban needs. 

Runoff previously described is computed by IWFM for each land use and soil 

type.  To calculate the runoff from urban settings, IWFM multiplies the applied 

water times the fraction of applied water that becomes return flow, %Rf  which 

is specified by the user (see Calibration parameters 3.4).   

 

The amount of return flow from agricultural lands is computed based on the 

water balance using the soil moisture content at the root zone, infiltration of 

precipitation, agricultural applied water, crop evapotranspiration and the 

fraction of water that becomes deep percolation (Figure 2.3).  Return flow is 

taken to be zero if the mass balance is negative. 
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Fig 2.3 Soils budget flows, from IWFM Theoretical Manual ver. 3.0 

2.3.4 Infiltration 
The amount of precipitation that will enter into the soil layers and will be 

available for plant uptake and deep percolation is calculated as the difference 

between precipitation and runoff.  

2.3.5 Actual ET 
The combination of the processes of evaporation (liquid water to vapor) and 

transpiration (plant respiration) is called evapotranspiration (ET).  ET is a 

function of weather parameters (solar radiation, air temperature, humidity, 

and wind speed), crop factors (resistance to transpiration, crop height, crop 

roughness and crop rooting characteristics), and environmental conditions 

(soil salinity, land fertility, presence of hard or impenetrable soil horizons, 

cultivation practices, irrigation method, soil water content etc) (Allen 1998).  

 

According to Allen et al (1986), Actual ET is calculated as:  

 

ETact = KsKc ET0                                                                               eq. 2.6  
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Where  

 

ET0 = reference crop evapotranspiration  

Ks = water stress coefficient.  

Kc = crop coefficient  

ETact = actual evapotranspiration.  

 

ET0 is defined as the evapotranspiration rate from a reference surface that 

has an adequate amount of water.  The reference surface is a hypothetical 

grass or alfalfa reference crop with specific characteristics (Allen 1986).  Ks is 

the factor that incorporates the effect of soil moisture shortage on the crop 

evaporation rate.  Kc is a single crop coefficient that takes into account the 

effect of both crop transpiration and soil evaporation.  ETact is the crop 

evapotranspiration under non-standard conditions modified by the water 

stress coefficient Ks.   

 

The Walla Walla Basin Watershed council has run three ET0 stations (Fig 2.4) 

capable of estimating the reference ET0  based on climatic parameters put 

into the FAO-56 Penman Monteith equation (Allen et al. 1985).  Laura Jensen 

from the Department of Bioresource Engineering at OSU worked with the 

information provided from the ET0 stations and interpolated between them to 

provide a grass evapotranspiration coefficient per sub-region in the model 

area.  The ET0 stations are Campbell Scientific, Inc. ET0 106 Weather Station 

installed in:  

 

1. Pasture/alfalfa field that is being irrigated regularly (West Umapine) 

Hudson Bay area N5094153 E379764 

2. Irrigated Orchards  (Lefore) Milton-Freewater, OR N5089363 E379764 

3. Irrigated cow pasture, (Bullock ) canyon confluence of north and south 

fork N5083399 E399347 
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Fig. 2.4 ET0 station locations.   

 

The calculation for ET0 multiplied by the crop coefficient, Kc, are done 

separately from IWFM and incorporated into the model in a time series.  

IWFM calculates the water stress coefficient, Ks, which incorporates the effect 

of soil moisture shortage by the following rule :  When the volumetric soil 

moisture content in the root zone is below 50 percent of the field capacity, Ks 

is the fraction between the volumetric soil moisture content and field capacity; 

if volumetric soil moisture content is above 50 percent of field capacity, then 

Ks is considered to be one. If there is no vegetation coverage we see that 

when volumetric soil moisture content in the root zone is below 50 percent of 

field capacity, Ks in this case is the fraction between volumetric soil moisture 

content and field capacity.   
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To calculate actual evapotranspiration, the WWBWC has created extensive 

crop coverage and land use database based on geographic information 

systems GIS that identifies not only the urban, riparian, industrial and 

agricultural land use, but also identifies 16 different crops grown in the model 

area.  This database has been created from aerial photos and with the aid of 

local growers to identify each crop and the time and method of irrigation 

which will help to estimate the Kc per season. The Kc was based on the single 

crop coefficient procedure described by Allen (1998) where the season is 

divided into four periods: initial where the Kc is small, crop development 

where a rapid growth of Kc is occurring, mid-season Kc is at its maximum 

point and constant, and late season when the leaves begin to age and Kc 

decreases until it reaches the end of season value.  (Table 2.4  and Table 2.5)  
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Table 2.4 Crop coefficients considered in the simulation.  

# Crop Name Kc ini Kc mid Kc end 
1 Apples 0.6 0.95 0.75 
2 Cherries 0.6 0.95 0.75 
3 Plums 0.55 0.9 0.65 
4 Apricot 0.55 0.9 0.45 
5 Grapes (wine) 0.3 0.7 0.9 
6 Alfalfa hay 0.4 0.95 0.7 
7 Grass hay irrigated (sudan) 0.5 0.9 0.85 
8 Peas 0.5 1.15 0.7 
9 Wheat 0.4 1.15 0.3 
10 Wheat dry ETo    
11 Pasture Grazing 0.4 0.85 0.85 
12 Bare soil Eto    

13 
Urban (highway, 

buidings,structures,etc) CN    
14 Water surfaces CN     

 

Table 2.5 Lengths of crop development stages (days)  

# Crop Name Initial  Development  
Mid 

season 
Late 

season 
1 apples 30 50 130 30 
2 Cherries 30 50 130 30 
3 Plums 30 50 130 30 
4 Apricot 30 50 130 30 
5 Grapes (wine) 20 50 75 60 
6 Alfalfa hay 10 30 25 10 
7 Grass hay irrigated (sudan) 10 30 25 10 
8 Peas 35 25 30 20 
9 wheat 20 30 60 30 
10 wheat dry 20 60 70 30 
11 Pasture Grazing 10 20     

 

2.3.6 Deep percolation  
 
IWFM defines deep percolation as the moisture that leaves the root zone and 

enters the unsaturated zone.  The moisture travels downward through the  

unsaturated zone and as soon as the unsaturated zone reaches field 

capacity, it recharges the groundwater.  The groundwater recharge is called 

“Net deep percolation”.  IWFM has two methods that the user can choose to 

calculate deep percolation.  The first method calculates deep percolation as a 

net fraction of soil moisture that is above field capacity.  The second method 

calculates the unsaturated hydraulic conductivity of the root zone as a non-
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linear function of the saturated hydraulic conductivity and the pore size 

distribution.  The first method is recommended by users of IWFM given that 

the physically-based approach cannot be used due to the size of the 

simulation time step being inconsistent with the characteristic time scale of 

the deep percolation flow process, or when values of soil parameters used in 

the physically-based approach are not available.  The first method was used 

in the simulation model.   
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2.3.8 Upstream and Downstream flows 
 
Irrigation canals and springs are modeled as rivers, losing water or gaining 

depending on the present hydrologic conditions. The WWBWC has gauged 

the main system of the Walla Walla River and the main section or irrigation 

canals and springs on the model domain as shown in Fig 2.6. Using this 

information the following segments of rivers are modeled:     

Fig 2.5 Surface gauges; dots represent point of measurement; green lines are 

rivers, irrigation canals , and springs include in the model, number represents 

model river segments.   

 

 

 

Nursery Bridge Main Stem 

Inflow Frog Little Walla Walla  
Guage 
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Table 2.6 River segments and average flows simulated in the model.   

Model river segment River, irrigation canal or spring 

name 

Mean Seasonal flow  

1 Walla Walla River Main Stem  Peak occurs in February, 

Winter flow average  408cfs 

Summer average 29 cfs 

2 Crocket system; east and west 

crocket until crocket branch to little 

Walla Walla west prong 

Summer average 19 cfs 

3 Crockett until East prong of Little 

Walla Walla 

Summer average 3.4 cfs 

4 Big spring center branch (ballou 

south of ballou road) 

 Summer Flow  based on 

2006      3.18 cfs 

5 Big spring northen + east prong 

Little Walla Walla 

Summer Flow based on 2006      

6.26 cfs  

6 Big spring east branch Summer Flow based on 2006     

6.26 cfs  

7 Lewis spring End of summer 1.26 cfs 

8 West spring Little Walla Walla End of summer 0.7 cfs 

9 Ford system and Ford branch that 

converts into middle branch mud 

creek 

Summer average 21 cfs at 

the  beginning of the system 

10 Mud creek Spring End of summer 1.15 cfs 

11 White Ditch from frog until division 

to Highline 

Summer average 67 cfs at 

the  beginning of the system 

12 White Ditch division to highline 

and Richards  

Summer average 17 cfs at 

the  beginning of the system 

13 Highline (pipe section) Summer average 11 cfs at 

the  beginning of the system 

14 Highline Ditch Summer 2.35 cfs at the end 

15 Little mud creek spring End of summer 2.19 cfs 

16 Richards Ditch Summer 1.78 cfs at the end 

17 North Fork Johnson spring ND 

18 South Johnson spring Based on Flow 2006    

0.53cfs 

19 Johnson spring Peak Flow of 2006   0.82cfs 

20 Last segment of White Ditch  
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The inflow of surface water into our model area occurs at two locations: the 

first point is the main steam of the Walla Walla River at Eastside Diversion 

and Nursery Bridge gauge and the second point is by the Little Walla Walla 

system at the Frog Diversion (Fig. 2.6) where the flow of water gets divided 

into three irrigation canals: White Ditch (HBIDC), Ford and Crokett. Robert 

Bower (personal communication) estimated the inflow of water from gains and 

losses of his gauge system using the following methodology: 

 

1. Used OWRD gauges: Little WW diversion, South Fork and North 

Gauges to create a synthetic Nursery Bridge Flow. This did not 

account for gains and losses between those gauges and Nursery 

Bridge. 

2. Used WWBWC Gauges: Nursery Bridge gauge data was compiled for 

the model period. The gauge only has irrigation and low flow season 

data due to inability for high flow in stream measurements.  

3. Used WDOE Gauge: Pepper Bridge gauge data was compiled for the 

model period. Does not account for channel bed gains/losses between 

it and Nursery Bridge gauge. 

4. OWRD gauges were compared against WDOE gauge.  

5. WDOE Gauge was compared against WWBWC data. Regression 

relationship was built based on that comparison. Data was averaged 

for a 7 day period to remove noise of peak flow timing and outliers.  

6. Regression equation used to create synthetic, year round data for 

Nursery Bridge.  

7. Flow gains/losses were calculated for OWRD upriver gauges to 

Nursery Bridge and Nursery Bridge to WDOE Pepper Bridge. (positive 

values gains: tributary and groundwater inflow, negative values losses: 

diversions, channel bed infiltration). 
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2.3.9 Streams Gains from Groundwater 
 
Two previous projects, Bower (2005) and HDR Engineering (2004), have 

studied the gains and losses of the connected system (see Figure 2.7) 

between the gravel aquifer and the Walla Walla River and the irrigation 

canals.  The Milton-Freewater hydrologic model has the capability to simulate 

these interactions and adjust to the water requirements of the land use if it is 

specified by the user to meet the diversion and bypass flows computed in the 

following way.  First let us look at the continuity equation of the stream flows: 

 

0 = Qin – Qout               Eq. 2.11 

Qin = Qi +Rf  + Sr + Qws + Qbrs + Qlko + Qh                           Eq. 2.12 

Qout = Qbdiv + Qsint + Qsi       Eq. 2.13 

Qbdiv = Qb + Qdiv        Eq. 2.14 

Where: 

Qi  = flow from upper stream node  

Rf  = return flow from agricultural irrigation and urban water use 

Sr = direct runoff due to rainfall excess and subsurface flows (water table 

above ground) 

Qws = inflow from tributaries  

Qbrs = inflow from bypasses  

Qlko = inflow due to overflow from the recharge project 

Qh  = inflows other than those listed above 

Qsint = rate of water exchange between the stream and the groundwater  

Qsi  = net flow that contributes to flow at the downstream node 

Qdiv = flow that is diverted for agricultural and urban water use  

Qb  = outflow that is diverted as bypass flow 

Qbdiv = flow that is diverted or bypass 
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Figure 2.6 Stream connections to ground water (IWFM 2002).   

 

The term Qsint in the continuity flow equation reflects the flow of the interaction 

between stream-groundwater and is calculated as,  

                                                 Eq.  2.15  

where: 

Csi = conductance of the streambed material at stream node (m2/day) 

hs = stream head (m) 

hg = groundwater head (m) 

 

The conductance Csi reflects the properties of the stream bed materials as 

well as its geometry.   

 

Csi = (Ksi/dsi) * L iWi       Eq. 2.16 
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Ksi= hydraulic conductivity of the stream bed material  (m/day) 

dsi= thickness of the stream bed  (m) 

Li = length of the stream segment (m) 

Wi = wetted perimeter (m) 

 

Two M.S. projects were developed to find the saturated hydraulic 

conductivity, Ksi.  Metcalf (2003) estimated the hydraulic conductivity of the 

main stem of the Walla Walla as well as the leakage rate from the irrigation 

canals to be 2.5 m/day similar to that reported by Leek (2006).  Metcalf (2003) 

based her study on an infiltration test and Leek (2006) based their analysis on 

a series of slug tests.  Even though we expect this number to vary for different 

irrigation canals and river sections, we do not expect to see a large variation. 

The thickness of the stream bed and the wetted perimeter are still to be 

determined for all the rivers, springs and irrigation canals.  It is important to 

have an accurate estimate of the wetted perimeter since the amount of water 

predicted to be transmitted from the stream is linearly related to this factor. 

Further results from these calculations are central to some of the main 

questions for which this model was created.  For example, the scenario where 

the irrigation canals has been lined and the conductance term Csi = 0 means 

that the canal does not longer recharge the groundwater.   

 

2.3.10 Groundwater gains from Hudson Bay recharge project 
 
The recharge project run by the WWBWC, in conjunction with Hudson Bay 

District Improvement Company (HBDIC), consists of diverting water from an 

irrigation canal into three man-made infiltration basins that lie under the young 

gravel aquifer (see Aquifer System 2.4).  Water that overflows the infiltration 

basins returns to the irrigation canal.  

 

One of the objectives of the Hudson Bay aquifer recharge project is to test the 

possibility to store water in the unconfined aquifer and stabilize springs flows. 

A model goal is to predict the net gain to GW from the recharge project and 
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its effects on the shallow aquifer.  All the data gathered by the WWBWC and 

presented in its public annual reports are available on line at 

http://www.wwbwc.org/Projects/ .   

 

Table 2.6 summarizes the available recharge data from the project which 

operates under the limited licenses request (#758) which allows for a 

diversion of 64 cfs (1.5X105 m3/day) in November, 95 cfs (2.3X105m3/day) in 

December and January, and from February to May 15, 150 cfs (3.6X105 

m3/day) if there is adequate flow in the Walla Walla river to honor the existing 

water rights.  In Table 2.7 we can see the results from the infiltration test 

measured at each infiltration basin (Bower 2007).      

 

Table 2.7 HBDIC Recharge project operation summary: 
Event Time Total flow 

diverted from 

White Ditch cfs 

Total volume  of 

water diverted (m3) 

(time * flow)     

1   5-week period April 8th until May 15th, 04 9,907 8.77 X 108 

2  December 2004 to February 05 4,602 3.09 X 108 

3 March 2005 91 2.52 X 105 

4 March to May 2005 7,865 6.68 X 108 

5 December to January 2006 14,370 1.84 X 109 

6 March to May 2006  19,684 3.68 X 109 

 total 56,522 7.37 X 109 
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HBDIC Recharge project flow
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Figure 2.7  Total flow recharge, data from (Bower, 2006) 

 

 
 Figure 2.8 Infiltration Basins Bower (2005)  

 

 

 

 

Inflow 
gauge 

Outflow 
gauge 



 

 

30 

 
  

 

Table 2.8 Infiltration rate tested at Hudson Bay Aquifer Recharge data from 

personal communication from Robert Bower. 

  

Surface area 

(m2) 

Volume 

(m3) 

Time required 

to drain (hrs) 

Infiltration Pond 1 2121 3379 6.4 

Infiltration Pond 2 1319 1612 6.1 

Infiltration Pond 3 797 1080 5.8 

Intake + overflow ditch 263 182 x 

Total 4500 6253 6.1 

Infiltration rate (m/day) 7.0 

Recharge rate (m3/day) 24,604 

 

The Milton-Freewater Hydrologic model using IWFM will model the infiltration 

basins as lakes given their similar behavior.  The conservation equation for 

lake storage can be expressed as: 

 

Slk = (P lk - EVlk - Qlkint )*Alk –Qbrlk – Qinlk + Qlko 

Eq.2.17 

Slk = Lake Storage (m3) 

Plk = Precipitation over lake (m/day)   

EVlk = Evaporation lake surface (m/day) 

Qlkint = Groundwater interaction (m3/day) 

Alk = Lake Area (m2) 

Qbrlk = inflow from diversion and bypass flows (m3/day) 

Qinlk = inflow from upstream lakes (m3/day) 

Qlko  = outflow in case of overflow (m3/day) 

 

 

The lake ground water interaction as with rivers is calculated as  

 

Qlkint = Clki (hlk – hgw ) 

Eq.2.18 

hlk   = Lake surface elevation (m) 
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hgw  = groundwater head (m) 

Clki  = conductance of the lake (m2/day) bed material at lake node as well as 

with the river conductance the lake conductance is calculated as : 

Clki = (Klki/dlki) A lki 

Klki = hydraulic conductivity of the lake bed material (m/day)l 

dlki = thickness of the lake bed material (m) 

Alki = Area of the lake (m2) 

 

Fig 2.9 Diagram of Lake Budget from IWFM theoretical manual (2002) 
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2.3.11 Diversions 
 

In IWFM diversions are defined as the irrigation canals that divert water from 

the point of diversion to the agricultural needs or point of use. Bypasses on 

the other hand, are defined as locations where flow is diverted or taken from 

any stream location to another stream location by any method that does not 

lose water. Diversions and Bypasses can be user defined or calculated by the 

model. For the Milton-Freewater hydrologic model we specified the rate at 

which we expect water to be applied by looking at the WWBWC gauges 

minus the infiltration rates or losses of the canals. The model will first check if 

there is enough flow at the stream node.  If not, the amount diverted would be 

the maximum flow in the canal unless otherwise specified.  For calibration 

purposes we have specified that if there is enough flow then we can compute 

the water diversion by the total demand of the specified location, for example, 

agricultural needs for irrigation of a certain crop base on our GIS Data Base 

coverage. 

 

2.3.12 Subsidence 
 
Even though we are not using land subsidence for the Milton-Freewater 

hydrologic model, IWFM has the capacity to simulate Land subsidence as the 

term used to calculate the amount of storage loss due to soil structure 

transformation.  The elastic parameter would allow for a permanent or 

temporary change in storage due to a water stress.  For example if there is 

too much pumping from a shallow aquifer, all the space that water occupied 

would then be empty and able to collapse.  Land subsidence is calculated as 

the change in head due to subsidence in relation to the vertical compaction of 

interbeds.  So, the total compaction is the sum of elastic and inelastic change 

in interbed thickness  
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2.3.13 Pumping 

  
IWFM model has the capability to estimate pumping using two different 

approaches, pumping by element and pumping per well.  Pumping per well 

means that the user explicitly defines the location, depth and flow rate of each 

well in the model area.  When pumping by element, the user can either 

specify the amount of water that is being pumped per element or the model 

can calculate the amount being pumped per element based on the water 

demand.  In the Milton-Freewater simulation model both approaches were 

used.  First, we let the model estimate the amount of water required by the 

crop demand of the element unmet by surface diversions, using the crop 

distribution coverage. We then compared this number with the water right 

permits of Oregon Department of Water Resources GIS database by the 

maximum rate permissible per groundwater permit in the element.  The 

modeled pumping rate was set to whichever of these was smaller, The 

California Department of Water Resources has used the IWFM approach in 

the same way the in the calculation of its pumped water throughout a much 

larger area with the California Central Valley Simulation Model (C2VSIM) 

(Bush 2007).  Once a model has been calibrated, IWFM has been proved to 

be successful in calculating the amount of water being pumped (Bush 2007).   
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2.3.14 Basalt pumping wells:  

Based on the geology description, an impervious  silty clay layer of 200 ft 

(60.96m) separates the gravel aquifer system from the basalt aquifers.  A 

hydrologic connection arises from the irrigation and domestic basalt wells that 

take water from deep basalt aquifers to irrigate the crops and pastures grown 

on the gravel aquifer.  These wells were identify by Lindsey (2007).   

Figure 2.10 Basalt Wells over the model Area with well ID  numbers Table 2.8
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Table 2.9 Basalt well locations and pumping rate .   

Well ID 
mo/yr 
drilled 

UTM 
northing 

UTM 
easting 

Use 
I=Irrigation 

D=Domestic 

Max rate (gpm) 
from well logs 

normal operation 
from July to 
September 

U4206 Jun-54 5094204 393562 I 700 
U4213 Jun-33 5094215 392375 I 300 

U53775 May-00 5083257 398616 D 60 
U4471 Sep-82 5093606 393619 I 220 

U54270 Mar-81 5091358 391101 I 196 
U54525 2-May 5092226 390705 I 20 
U54779 3-Mar 5091358 391090 I 2500 
U4864 Dec-54 5090401 385847 I 500 

U50577 Mar-97 5089813 386919 I 75 
U55959 7-Jun 5089831 386618 I 500 
U4899 Jun-33 5089798 388672 I 200 

U54895 3-Aug 5089381 388640 I 135 
U4924 Mar-88 5089955 389402 D 45 

U50478 Feb-97 5089769 388859 I 400 
U54341 1-Aug 5089787 389837 I 125 
U55297 4-Dec 5089370 389046 I 125 
U5670 May-92 5089213 389498 W 60 
U6053 Jul-94 5089702 389149 I 200 
U6355 Aug-95 5089552 389188 I 200 
U5027 Dec-87 5090284 390670 D,I 150 

U54464 2-Feb 5089953 390599 I 3100 
U55253 4-Sep 5090002 391364 I 500 
U54544 2-Jun 5089370 390650 I 450 
U55999 8-Aug 5090172 390672 I 600 
U55248 4-Aug 5089978 392440 I 500 
U5606 Nov-91 5090018 391375 I 353 
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2.4 Aquifer system 
 

The system of aquifers in the Walla Walla watershed can be divided into two 

major systems: the unconfined system and the confined system.  The 

unconfined system is created by three geological layers described below.  

They are simulated as single variably saturated aquifers in order to account 

for the heterogeneity found in the area as the saturated hydraulic conductivity 

K diminishes with distance from the surface.  

 

1. Touchet Beds: Pleistocene Cataclysmic flood deposited and Palouse 

formation, Pleistocene  loess, felsic silt and felsic to basaltic fine to 

medium sand (Kennedy/Jenk 2003).  Figure 2-12.  The first non-

calibrated saturated hydraulic conductivity value used in the simulation 

model was 3.8 m/day (from EPA, 1986). 

 
Figure 2-12 Thickness of Touchet beds created from attachment 6, well data 

table of Kennedy/Jenk consultants 2003 and with a GIS  interpolation using 

the spline method in Arcview 3.3  
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2. Young alluvial gravel; Holocene to Pliocene sand and gravel not well 

constrained same as with the first layer, these uncemented gravels vary in 

thickness across the model area. 

Figure 2-13 Thickness in feet for the unconsolidated gravel aquifer using well 

information of the report from Kennedy/Jenk consultants 2003 were imported 

into arcview 3.3  and spatial analyst was applied to interpolate using spline  

method. 
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3. Old gravel; Miocene to Pliocene conglomerate sand, silt and clay.  At the 

time of the model development, there was not complete information about the 

thickness of this aquifer layer. Lindsey(2003) reported based on well logs a 

range from 22.86 to 76.2 feet thick.  Based on this report, a surface of the 

Mioplecene Isopach was generated in GIS and shown in Figure 2-14.  Future 

modeling  will benefit more accurate descriptions and extents of the 

unconfined gravel aquifers. 

 

 

Figure 2-14 Old gravel thickness surface spline geometric interpolation 

arcview 3.3   
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 The Milton-Freewater simulation model was created to simulate the 

movement of water in the unconfined system.  Evidence suggests that there 

is a connection or flux of water between the confined and unconfined systems 

by two means.  One is by pumping water from the basalt aquifer to irrigate the 

agricultural fields; excess water that is not transpirated by the crops or 

evaporated from the surface is available for infiltration and runoff.  This 

infiltrated water will recharge the unconfined aquifer system.  This mechanism 

is captured in the model developed here.  The second connection is given by 

the old non-casing wells.  Some of these wells were hand-made with one 

meter in diameter and some of the wells are abandoned.  Location and 

description of abandoned wells are not accounted for in the model.   

 

The Milton-Freewater hydrologic model is setup for 4 aquifer layers, Touchet 

silty soil, uncemented gravels, cemented gravels, and ballast aquifer system. 

The fourth layer is passive, not adding to the storage of groundwater.  Further 

description of the basalt aquifer system that underlies the model area and its 

hydrological characteristics would allow for the incorporation of this aquifer to 

the existing model using the existing setup.  
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3. IWFM Development and Application to Walla Walla River Basin  

3.1 Model Area and grid setup 
 

The model area (fig3.1) extends from the city of Milton-Freewater, Oregon 

(Lon -118.42, Lat 45.962) to the state line with Washington.  It is 

approximately 43.45 km2 or 10,737.19 acres. For model development, the 

area has been divided into 416 irregular elements; the regular size for each 

element is 0.108 km2 or 25.8 acres. The side of a regular quadrilateral 

element is 329 meters in length. 

 

Figure 3.1 Location of Model Area  

 

 

Figure 3.2 Model Area  (in red) view from north boundary   
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The model area is a small portion (9%) of the Walla Walla River basin 

watershed that is shared by the states of Washington and Oregon in the 

Pacific Northwest of the United States of America. This first simulation 

attempts to represent one of the most productive areas of the watershed in 

Oregon. Close to 80% of the surface and ground water rights permits are in 

the model area (fig. 3.3) 

 

Model Area.                   

Fig. 3.3, Oregon Side of the Walla Walla basin watershed. Each blue dot 

represents a point of diversion for a water right; each polygon represents a 

point of use for a specific water right.   

 

3.2 Model Boundaries 
 

The model boundaries for this project (fig 3) were chosen by 1) site 

hydrogeology and 2) information from observation wells and previous studies 

according to the existing data provide by WWBWC in the following manner. 

 

Boundary 1: The main stem of the Walla Walla River is set as a no flow 

boundary. There is sufficient information (Metcalf 2003), that describes the 

interaction between the main stem of the Walla Walla River and the shallow 

gravel aquifer. In this connected system, (fig 3.4) the aquifer will gain and lose 

water to and from the river. Given that  there is no lateral input  or output of  
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water from outside of the model area into this section other than the river 

itself, the model boundary is considered no a flow boundary. 

 

Boundary 2: Horse Heaven Hills. From (Lindsey 2004) we can clearly see a 

water divide created by the site hydrogeology. Given this condition set at the 

base of the Horse Heaven Hills, this is a no flow boundary type and we 

assume there is no water flowing in to or out of this section of the model area. 

 

 

 

Boundaries 3 and 4: The WWBWC has a network of observation wells (total 

of 30 wells) across the model area. At the base of our model, Boundary 3, we 

have used GW wells number 9, 27 and 23 to linearly interpolate (see initial 

conditions section) the height of the water table.  Knowing the stratigraphy of 

the geology at this location, we can calculate the flow of water into our model 

area by:                               
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                                              eq. 3.1 

 

Where 

q = specified flux at the boundary, (m2/day); 

T = transmissivity, (m2/day);  

h = groundwater head at the boundary, (m); 

n = distance that is measured perpendicular  from the boundary, (m); 

f(x,y,t) = known function for all points on the part of the boundary where 

flux is specified, (m2/day). 

 

The main source of the groundwater is the upstream losses of the Walla 

Walla River to the shallow aquifer. Given this set of conditions: where there is 

not a constant head, the Drichilet boundary is discarded and with the 

information known by the interpolation of the groundwater elevations, we set 

our model boundary as a Specified head where the input is the height of the 

water table at each node on the boundary. The stratigraphy is dictated by the 

geology. The function generated by the model is the flux for each element 

based on the hydraulic head known for each node (water levels from well net 

of the WWBWC). The aquifers parameters are calculated from our aquifer 

tests (pump tests) and the hydrogeology characterization (Lindsey, 2003). 

IWFM lets the user choose between calculating the specified flux by the user 

outside of the model or by entering the groundwater head and letting the 

model calculate the flux using equation 3.1.    

 

 At the upper limit of the model, Boundary 4, we have established the same 

conditions as in model Boundary 3.   However, in this case, water is leaving 

the model area. (see Fig 3.4) 

  

 

 



 

 

44 

 
  

 

3.3 Initial conditions 
 

IWFM requires that the head values at each node at time zero be provided as 

well as the boundaries conditions throughout the entire length of simulation. 

Based on the data taken form the system of surface gauges and well loggers 

run by the WWBWC, the static observations made for the year 2003 were 

linearly interpolated using the spline method in the Geographic Informatics 

Software (GIS) Arcview 3.3. The spline method fits a two dimensional 

minimum curvature surface as suggested by Theobald (2001). The spline 

method is best for surfaces that exhibit smooth gentle variations such as 

water table heights or precipitation. (Figure 3.5) 

 

 
Fig 3.5 Surface from groundwater elevations  created from GIS Arcview 3.3 

using static measurement of wells taken by WWBWC that serves as initial 

conditions for our simulation model.   
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3.4 Hydrological Parameters. 
 

The parameters used in the model were calibrated and adjusted from 

previous studies cited above.  Here we present the rationale for the values 

used in the simulations of this thesis. 

 

3.4.1 Aquifer parameters 
The three aquifer layers that are modeled in this simulation have different 

hydraulic properties. The horizontal hydraulic conductivity for the Mio-pliocene 

cemented gravel aquifer was taken from the three pump tests made near the 

recharge basin project. The hydraulic conductivity for the Quaternary un-

cemented gravels and the Touchet beds where taken from the literature (EPA 

1986) and calibrated for the entire model area. Vertical hydraulic 

conductivities were assumed to have an anisotropy ratio of 1/10, concurring 

with the observation made by Star Davis and Rand Leek over the Walla Walla 

River and the irrigation canals. 

  

Table 3.1 Calibrated vertical and horizontal hydraulic conductivities 

                                        Horizontal Hydraulic               Vertical Hydraulic  

Layer                                   Conductivity (m/day)              Conductivity (m/day) 

 

Touchet Beds Silt     6.5    2.5 

and Sand 

 

Quaternary layer of    60.3    6.3 

Uncemented gravels 

 

Mio-pliocene  

conglomerate       32.0    3.2 

Cemented gravels 
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 Soil Parameters 
 

As described in chapter 2, components of the water budget and data 

estimation, in the soils budget section, the model area could be divided into 

two sub-regions based on the description made by the Soil Survey of Umatilla 

County area, Oregon (USDA 1985).  The main soil in sub-region 1 is 

Freewater very cobbly loam. For sub-region 2 the main soil is a combination 

of  Ellisforde, Oliphant, Umapine and Hermiston  silt loam with 0 to 3 % 

slopes.  The parameters used for these soils are described in Table 3.2 

 

Table 3.2  Calibrated soils parameters  

Subregion Field 

capacity 

Total 

porosity 

Fraction of 

excess soil 

moisture 

that 

becomes 

deep 

percolation  

Curve 

number 

CN 

Agricultural 

CN 

Urban 

CN 

Native 

CN 

riparian 

vegetation 

1 0.14 0.43 0.35 98.4 99.07 99.41 99.52 

2 0.22 0.47 0.35 98.4 99.04 99.41 99.52 
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3.4.3 Crop water use parameters 
 

The percentage of land use specified as agricultural, urban, native and 

riparian vegetation varies for every element. The agricultural vegetation used 

in the model has the irrigation characteristics shown in Table 3.3. Crop 

coefficients for actual evapotranspiration calculation development days were 

described in the section 2.3.5 actual ET. 

 

Table 3.3 Crop parameters, maximum root depth, and minimum soil as a 

fraction of field capacity, and irrigation e fficiency (Allen, 1998) 

crop 
# crop name abbreviation 

Max root 
depth 

Minimum 
soil 

moisture 
requirement 

Crop  
irrigation 
efficiency 

1 Alfalfa ALF  1.5 0.45 0.57 
2  Apples  APL 2 0.5 0.64 
3 Cherries CHR  2 0.5 0.64 
4  City (urban)   CTY 0.5 0.35 0 
5 Domestic (Rural) DOM  0.5 0.55 0.7 
6  Grapes GRP 1.5 0.55 0.71 
7  Grass and Lawn GRS 1 0.5 0.57 
8  Industrial  IND 0.5 0.35 0.75 
9 Nursery  NUR  1 0.65 0.75 

10  Fruit Orchards ORC 1.5 0.5 0.64 
11  Pasture PST 1.5 0.4 0.7 
12 Row Crops ROW  0.6 0.65 0.64 
13  Wheat, Non-irrigated WHD 1 0.35 0 
14 Wheat, Irrigated WHT  1.5 0.45 0.57 
15  Water Surfaces WTR 0.5 0.25 0 
16  Urban URB 1 N/A N/A 
17   Bare soil  BRS 0.5 N/A N/A 
18  Riparian Trees RIP 2 N/A N/A 
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4. Model Results and Discussion 
 
The results for this modeling effort can be summarized in the following 

sections: 1) The quantification of all major hydrologic features of the model 

area presented in the water budget; 2) Calibrated hydrological parameters in 

the model that can serve  for future projects or theoretical engineering analysis 

over the area; 3) Example  management scenario of lining the irrigation canals 

and the effects of the aquifer recharge testing over Johnson Creek Spring.     

4.1 Water Budgets 
 
A water budget represents the inflows and outflows of water as well as the 

change in storage; here we present the water budget divided for groundwater, 

soils, land and water use, and as a total flow budget. The  water budgets 

analysis for the gravel aquifer system of the Oregon side of the Walla Walla 

basin are presented based on the average of the years from 2003 to  2006. 

These years provide a good representation of drought and wet years being 

that the year 2005 was a record drought year.   

4.1.1 Groundwater Budget 
 
The groundwater budget for this project only considers the gravel aquifer 

separated into the three layers previously discuss; Touchet beds, 

Uncemented gravels, and Cemented gravels. The simulation model does not 

account for the basalt aquifer but only as water input for irrigation and a small 

percentage for domestic use (see section 2.3.14) Table 4.1 show the results 

for this simulation model. The sign of each variable represents: positive for 

inflow and negative for outflow, for example, the ending storage (negative 

sign) represents the groundwater storage at the end of the simulation period. 

Gains from streams and irrigation canals represent the amount of water that 

the Walla Walla river and the irrigation canal lose to recharge the 

groundwater, since the they are adding water to the g round the sign is 

positive.  The looses to springs and streams is the water that springs, 
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irrigation canals and rivers gain from the gravel aquifer. We can observe that 

the amount of water recharging the aquifer from surfaces river segments is 4 

times bigger that the amount of water that the aquifer is feeding to them. 

   

Table 4.1 Groundwater budget average of the years from 2003 to 2006  
Ground water Budget   

Variable Sign 

Flow 

m3/year 

Beginning of Storage (+) 1.41E+11 

Ending Storage (-) 1.41E+11 

Net Deep Percolation (+) 8.08E+06 

Gain from Streams (+) 2.47E+07 

Looses to springs and streams (+) -6.53E+06 

Gain from artificial recharge 

project (+) 1.45E+06 

Boundary Inflow (+) -1.53E+07 

Subsidence (+) 0.00 

Subsurface Irrigation (+) 0.00 

Tile Drain Outflow (-) 0.00 

Pumping (-) 3.92E+06 

Discrepancy (=) -17.55 

 

Annual average Groundwater budget for the gravel 
aquifer  2003 -- 2006 

Net Deep 
Percolation

Gain from 
Streams
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Figure 4.1 Graphic representation for the groundwater budget. 
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4.1.2 Soils Budget  
The Soils Budget present not only the inflow of water flowing in and out of this 

storage unit but also provides information on processes that are used to 

compute soil moisture in the root zone. These are; Precipitation, Runoff, 

Applied Water, Reused Water, Return Flow.  explanation of these variables 

are found in section 2 

 

Table 4.2 Average annual soils water budget from 2003 to 2006 

Soils Budget   

Agricultural, urban or native   

Variable Sign  

Flow 

m3/year 

Precipitation  1.69E+07 

Runoff  7.34E+05 

Prime Applied water  1.98E+07 

Reused Water  1.38E+06 

Total Applied water  2.12E+07 

Return Flow  8.87E+05 

Beginning Storage  3.01E+09 

Net gain from Land expansion (+) 0.00 

Infiltration (+) 3.50E+07 

Actual ET (-) 3.19E+07 

Deep Percolation (-) 3.07E+06 

Ending Storage (=) 3.01E+09 

Soil Water Budget

Precipitation

Runoff

Prime Applied 
Water

Reused Water

Total Applied 
Water

Return Flow

 
Figure 4.2 Graphic representation of the soil water budget. 
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4.1.3 Land and Water Use Budget  
 
The Land and water use budget provides information about the amount of 

water require for agriculture and urban use. Surface water diversion where 

adjusted to math observation gauges run by the WWBWC and irrigation 

districts. The amount of pumping was adjusted to meet the water demands if 

this was not meet by surface water diversions. Basalt wells were used as an 

import of water from and external sources outside or model area. 

  

Table 4.3 Urban and agricultural water demands and sources  

Land and Water Use Budget   

Variable Sign  

Flow 

m3/day 

Agricultural Area square meters 1.18E+10 

Agricultural Supply requirement ** 1.86E+07 

Pumping gravels (-) 3.85E+06 

Diversion (-) 9.43E+06 

Basalt wells (-) 4.45E+06 

Shortage (=) -2.39E+03 

Re-use ** 3.81E+05 

Urban Area square meters 1.91E+09 

Urban Supply requirement ** 1.18E+06 

Pumping gravels (-) 7.15E+04 

Diversion (-) 7.80E+05 

Basalt wells (-) 3.41E+05 

Shortage (=) 1.74E+03 

Re-use ** 9.96E+05 

 ** (Does not add or subtract water from the water budget) 
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Figure 4.3 Water use over the model area 
 

 

Agricultural water source

22%

53%

25%

Pumping gravels (-)

Diversion (-)

Basalt wells (-)

 
Figure 4.4  Pie chart of agricultural water use source  

 

Water use over the model area

94%

6%

Agricultural Supply
requirement

Urban Supply requirement
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4.1.4 Total flow Water Budget 
 

IWFM has the capability to post-process the subsurface flows  to present a 

zone or total water budget. This characteristic is a helpful tool to quantify the 

major hydrologic components and the effects of water management practices. 

Table 4.4 show the total flows over the model area the percentage presented 

as an overall error is the ratio between inflow and out flows.  

 

Table 4.4 Average annual total zone budget flows (m3 /year) from 2003 to 06. 

Zone Budget     

 IN  OUT 

GW Storage 4.33E+07 5.13E+07 

Streams 3.59E+07 1.21E+07 

Net Deep Percolation 6.59E+06 0.00 

Specified Head BC 4.34E+07 5.51E+07 

Diversion Recoverable loss 1.21E+06 0.00 

Bypass  Recoverable loss 0.00 0.00 

Recharge project 1.45E+06 5.18E+01 

Pumping by element 0.00E+00 3.67E+06 

totals 1.32E+08 1.22E+08 

Overall zone error  7.30% 
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Fig 4.5 Graphic representation of flow per storage unit. 
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4.2. Calibration and validation 

 
In Section 2.3, we specified all the variables used in each of the water budget 

analyses. Next we describe the parameters that were adjusted during 

calibration. We have divided the data into two sets, 2003 and 2004 for 

calibration, and 2005 and 2006 for validation.  As expressed by Wang 1982, 

validation is the ability to demonstrate that the model is capable of simulating 

an historical hydrologic event for which data are available. The calibration 

step consists of adjusting the input data until computed head values match 

the field observed values static measurement made by WWBWC during 

March 2004 and March 2005.  The combination of parameters and boundary 

conditions necessary for the model to produce the field measurements will be 

found by statistical comparisons.  The following statistical parameters are 

used in the comparison: 

 

ME: mean square error 

MAE: mean of absolute values of error 

RRMSE: Relative root mean square error 

Eff= Coefficient of efficiency goodness of fit  

R=Correlation coefficient 

Cov = Covariance 

 

A range of field values for the parameters that require calibration are 

determined by field observation, reported literature values and trial an error. A 

goodness of fit model is used to determine the accuracy of the model to 

simulate expected predictions. 

 

The Mean square error ME and Mean absolute values of error MAE are 

describe by D. Wackerly (2002) as: 

 

ME = (Xobs - Xsim)2         and    MAE =  Xobs - Xsim 
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Where Xobs = observed elevation of groundwater at a specific node or well 

and Xsim = simulation results for groundwater elevation per node. 

 

The relative root mean square error and the coefficient of efficiency Eff by 

Nash and Sutcliffe (1970) are determined as:  

 

The coefficient R represents the fraction of the variation in the observed 

values explained by the simulation model and the coefficient Eff represents 

the percentage to fit a linear relation to the observed values. In other words it 

represents how well our model fits the observed values. The correlation 

coefficient can vary between  -1 to 1 showing perfect inverse and perfect 

direct relationships. 

 

Calibration was done separately for surface water and groundwater as 

explained later.  For groundwater, observation wells were matched to 

simulated groundwater elevations. For surface water, flows in the rivers, 

canals and springs were matched to surface gauges.  During these steps, the 

parameters shown in Table 4.5 were varied. Final values for the main 

parameters are shown in section 3.4.  In Appendix C, the reader can find the 

complete files used in the final model run scenarios. 



 

 

56 

 
  

 

Table 4.5 variables adjusted during calibration 

Variable Definition 

CN curve number runoff 

%Rf   

Fraction of applied water that becomes retuned flow urban 

settings.  

Dr  rooting depth of the crops, (L); 

?r   soil moisture content of the root zone, (dimensionless); 

?f   field capacity of the root zone, (dimensionless); 

?t   simulation time step  

AWag agricultural applied water, (L/T); 

ET0  grass or alfalfa evapotranspiration, (L/T); 

Kc   Crop coefficient 

fDp  

deep percolation fraction between 0 and 1; 0 means entire soil 

moisture above field capacity becomes return flow and 1 means 

entire soil moisture above field capacity becomes deep 

percolation. 

Dr   Thickness of root zone. 

Ssi  inelastic specific storage 

Sse  elastic specific storage 

bo   initial thickness of the interbed 

Clki conductance of the lake bed material 

Clki conductance of the river bed material 

Csi  Stream conductance determine by (Ksi/dsi) * LiWi  

Ksi  Hydraulic conductivity of the stream bed material   

Dsi  thickness of the stream bed   

Li   length of the stream segment  

Wi   wetted perimeter 

Clki Lake conductance determine by (Klki/dlki) Alki 

Klki hydraulic conductivity of the lake bed material 

Dlki thickness of the lake bed material (recharge project) 

Alki Area of the lake (recharge project) 

Rt Rating tables for springs, rivers  and canals 
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4.2.1 Calibration of Groundwater 
 
Calibration of the groundwater was done by two methods; 1) matching 

continuous data taken in observation wells and comparing to specific nodes 

and 2) by comparing the interpolations generated using GIS tools from the 

observations of all the wells managed by the WWBWC to the simulated 

groundwater elevations values of all nodes excluding the boundary nodes 

which are fixed and therefore show a perfect correlation value of 1.0 

 

The first method for calibration considered observation wells that had a 

continuous pressure gauge recorder for the elevation of the groundwater 

table. An example is shown in Figure 4.6 with the observation well# 20 and 

the simulation for the node 268 for the year of 2003 to 2004. We can see that 

the model really mimics the water table elevation for the length of the 

simulation, the discrepancy is in average between 0.25 meters with the 

maximum of 0.68 at month 18 of the simulation period.. 

 

Calibration Well # 20    
years 2003-2004
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Figure 4.6  Calibration of groundwater using the comparison between well # 

20 and node 268 average values per month groundwater elevation. 
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Calibration of Groundwater using the second method by all nodes and the 

interpolations of the groundwater elevations provide a better way to compare 

the overall performance of the model avoiding local misinterpretation of water 

table elevations due to pumping wells and other factors infiltration ponds, 

observation well close to unlined irrigation canal.  As we can see from Table 

4.6 the and figures 4.7 and 4.8 The observed Vs simulated heads compared 

well to a lineal model with correlation coefficient of 96 and 95 percent fit in the 

two different season chosen for calibration summer and winter.  

 

 

Table 4.6 Statistics generated from the Calibration of Groundwater using all 

node and the observations made in June and December 2004 

Calibration day using all nodes           06/3/ 2004 12/15 /2004 

n 389 389 
SSE 10936.03 12138.9 
ME 28.11 31.21 

MAE 3.94 4.45 
RRMSE 5.31 5.59 

EFF 0.91 0.9 
R 0.96 0.95 

Covariance 347.05 332.15 
standard deviations Obs 18.2 17.46 

standard deviations model 19.8 19.81 
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Calibration to all nodes Vs Observations made in 
June 2004 y = 1.051x - 11.61
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Figure 4.7 Calibration using all nodes for June 2004 

 

 

Calibration using all nodes Vs observation made 
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Figure 4.8 Calibration using all nodes for December 2004 
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The Ground water validation using 2005 and 2006 years is shown in Table 

4.7 and in figures 4.9 and 4.10 the correlation coefficient for both years is 

0.96 and 0.95 showing a good percentage to fit a linear model. As mention 

before during model validation none of the parameters were varied to math 

observed elevation heads.   

 

Table 4.7 Statistic generated from the Validation of Groundwater July 06 

Validation day using all nodes  7/7/2005 7/19/2006 
n 389 389 

SSE 10015.23 11032.48 
ME 25.75 28.36 

MAE 3.73 4.15 
RRMSE 5.08 5.33 

EFF 0.93 0.9 
R 0.96 0.95 

Covariance 370.28 305.55 
standard deviations Obs 19.01 16.6 

standard deviations model 20.15 19 
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Figure 4.9 Validation using all nodes for July 2005 
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Validation using all nodes and observations
 made in July 2006 y = 1.1112x - 25.123

R2 = 0.9428
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Figure 4.10 Validation using all nodes for July 2006 

4.2.2 Calibration  of Surface Water 
Calibration to surface water was done separately for each stream segment, 

that is the Walla  Walla River, all the irrigation canals and all the springs. For 

the Walla Walla River, continuous gauge data made the calibration and 

validation easy to visualize.  For springs and irrigation canals, surface water 

flows were matched to static measurements over different periods.  

 

The Walla Walla River was calibrated and validated using the gauges at 

Peeper bridge represented in the model by river node 21and the gauge at  

Tumalum represented with the river node 11. figures 4.11 and 4.12 show the 

calibration and validation for the Main stem of the Walla Walla river  again the 

data was partition in half for calibration and validation showing a good fit of 

the model with a correlation coefficient of 0.92 Table 4.8 

 

Table 4.8 Walla Walla River statistics  

Walla Walla River using 2004 water year 
n 443.00 

SSE 3.37E+12 
ME 7.60E+09 

MAE 2.30E+04 
RRMSE 8.73E+04 

EFF 0.85 
R 0.92 
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Figure 4.11 Walla Walla River Calibration for 2003 to 2004 
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Figure 4.12 Walla Walla River validations for the years 2005 to 2006 
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4.3. Modeled Scenarios  

Two scenarios were simulated and compared to the flow in Johnson Creek 

Spring in order to observe the extended effects of artificial recharge practices.  

The first scenario was run without the Hudson bay aquifer recharge project 

variables were kept constant.  The second scenario was run with all the 

irrigation canals lined. This was done by setting the conductance term of the 

stream bed material, Csi, to zero. The results of these two scenarios were 

compared with the flow at Johnson Creek Spring with the model running 

under current conditions. Figure 4.13 
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 Figure 4.13 Scenarios compared at Johnson creek  

Model prediction for surface flows in Johnson Creek Spring showed that a 

severe impact in flow can be caused by lining the irrigation canals.  The 

incremental flow in Johnson Creek observed in the current condition scenario 

and without the infiltration recharge project scenario concurs with the 

observations made by the WWBWC: about 20% to 40% of incremental flow is 

observed after the second year of the project operation.  
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4.4 Model limitations and recommendations for further work  

The objective of this project was to establish a hydrologic simulation model to 

quantify the major hydrologic features of part of the Walla Walla River basin. 

Model scenarios would help visualize and quantify different management 

practices. These could include: lining of specific irrigation canals, growth in 

size or number of infiltration ponds, change in cropping, climate variation, etc.  

A finer model grid descritization over interest areas like infiltration ponds 

would help in the correct simulation of these scenarios, especially the 

infiltration ponds that have a much smaller area than the actual grid size. 

 

Model boundaries were generated from the average head of observed 

groundwater elevation values of each month for the entire simulation period. 

Data gathered for these wells have been analyzed using digital elevation 

models and constant pressure gauges that require further inspection of real 

well elevation with respect to sea level and calibration and verification of 

these pressure gauges. If this model were to expand in model area, a better 

definition of naturally occurring boundaries would help in the model set up. 

 

The available data for the geological description of the aquifer system at the 

time of the model development described the three aquifer layers mentioned 

in this report. New geological maps and descriptions have been made 

recently over the model area. This and new aquifer testing in different 

locations over the model area could improve our understanding of anomalies 

in hydraulic conductivities. 

 

Surface water data requires further development for rating tables and flow 

measurement in springs and irrigation canals. During model calibration, the 

model was very sensitive to changes in stream bottom elevation, stream 

width, and stage discharge table. In order to capture the real situation more 

stream nodes and river sections should be surveyed and continuous gauge 

data could be used to  calibrate and validate irrigation canals and springs.  
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5 Conclusions  
 
The overall statistics shown in the model calibration and validation give 

satisfactory results for the groundwater component of the model with 

correlation coefficients of 95 and 96 percent (as shown in section 4.2.1 

Groundwater model calibration). Two methods for model calibration were 

shown.  One is to use a single well (normally a pumping well for irrigation with 

a pressure gauge) and to match its corresponding node.  The second method 

used the simulation results for groundwater elevation head at each node and 

compared them to the interpolation from the observation wells groundwater 

elevation surveyed by the WWBWC.    

 

The preferred method to compare observed versus simulated values was the 

second method using all the groundwater nodes.  Discrepancy between real 

versus simulated head at specific well locations compared to model nodes is 

expected.  First, pumping wells create local drawdown of the water table; and 

therefore a nearby observation well would not capture the real water table 

elevation.  Second, there are possible misrepresentations in the conceptual 

model, such as missing a pumping well or irrigation diversion. Third, local 

anomalies of the aquifer parameters such as perched water tables and clay 

lenses may not be accounted for by the simulation model.   

 

The Walla Walla River statistics (section 4.2.2 Surface water calibration) 

show that the model is capable of simulating the river connection to 

groundwater for the years of 2003 to 2006 with a correlation coefficient of 

92% for flow measured at the outflow (river node 22, Pepper Bridge gauge).  

Variability is expected  between simulated versus observed values in the 

Walla Walla River due to water diversions not accounted for in the model and 

by man-made irrigation structures that return excess applied water from 

irrigation to the Walla Walla River that otherwise would return to an irrigation 

canal or to the  Big Spring.  This modeling effort tried to recreate the 

observations made by: Stejeskal (2003), Bower (2007) and Metclaf (2003).  
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These previous studies focused on the interactions between surface and 

groundwater for the Walla Walla River from the levee section located at 

Milton-Freewater to the state line between Oregon and  Washington. 

 

The average flows for each spring were matched to single observations made 

by the WWBWC (personal communication).  The observations were made for 

certain months and most of them in the past two years.   There was not 

enough information for all the spring flow measurements to compare to model 

simulations.  Further model development for stream bottom elevations and 

the development of stage discharge rating tables are necessary to fully 

capture the development of flow for the complete water year for the entire 

system of springs.  This project did not match the flows through the springs 

for the entire year, but instead simulated average flows.   

 

It is important to mention that the inflow of water for the springs is not 

adjusted by the user but ins tead by the model groundwater elevation output 

and set up of the spring bottom elevation, wetted perimeter and stage-

discharge table (section 2. 3.9 River gains from Groundwater).  The 

parameters that were adjusted for calibration were the hydraulic conduc tivity 

of the stream bed and the stage-discharge rating table. Variation between 

simulated and observed values are expected due to diversions not accounted 

for in the model and the redirection of flow that otherwise would flood houses 

in the section where old springs went dry that now have flow. A finer model 

discretization is necessary to capture the water year development of flow 

through all the springs modeled.  Additionally, a detailed analysis of the spring 

hydrological parameters is required with continuous data for calibration and 

validation.   

 

The irrigation canals had to be simplified for the simulation given their 

complexity and proximity.  In some cases, (ford system) ditches that were 

running parallel a few feet away from each other, that had the same water 

diversion source and later joined as a single irrigation canal, were modeled as 
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single river segments.   In this case, parallel segments or small canals 

diversions were not considered.  

 

Irrigation canals modeled as river segments were adjusted by surface water 

diversions based on agricultural need per element and rating tables to match 

the observations in the gauges measured by the WWBWC (personal 

communication) and the irrigation districts, Hudson Bay District Improvement 

Company, Dayton Ditch Company and Gardena Farm Ditch Company. These 

gauges consisted of weirs or flumes with depth probes that also measured 

water temperature and ambient temperature.  These data were incorporated 

into a water budget for streams.  The results show that the irrigation canals 

lose an average of 27% of their inflow, a number equivalent to that calculated 

by HDR Engineering (2004).  

 

The amount of water recharged by these irrigation canals is necessary to 

maintain adequate water table levels.  As an example, a first scenario with the 

irrigation canals lined was simulated and compared to the flows at Johnson 

Creek Spring (4.3 Modeled Scenarios) with current leaky irrigation canal 

conditions and infiltration basin.  A second scenario was run without the 

shallow aquifer recharge project.  The first scenario showed a complete 

cessation of flow at Johnson Creek Spring providing agreement that flow in 

the spring is occasionally stopped by the recharge of the unconfined aquifer 

up gradient.  Most of the recharge, 80%, is from the irrigation canals and after 

the third year of simulation (second year of the project), 20% of the flow is 

from the shallow aquifer recharge.    

 

Continued declining levels of the basalt aquifer (Golder Associates 2007) will 

increase the cost of pumping by increasing the depth from which wells 

withdraw water.  Based on the land use water demands for agricultural and 

domestic areas, surface water satisfies 53% of the demand leaving 47% of 

the water demand coming from the pumping wells.  Based on water rights, it 

is estimated that 25% of the pumping is coming from the basalts aquifers and 
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22% from the unconfined shallow gravel aquifer.  Reducing pumping from the 

basalts will cause a drop of the water table.  Pumping from the gravel aquifers 

will need to  be increased to satisfy the water demand in this area.   

 

To sustain the groundwater demand, new water management practices like 

the shallow aquifer recharge are required.  This results in not only a positive 

impact on flow at Johnson Creek Spring, but also an increase of the 

groundwater recharge by up to 18% (when the project runs at 12 cfs -

0.34m3/sec).  This suggests that aquifer recharge could be a good 

management tool for future protection of agricultural demand by storing water 

in the shallow aquifer and recharging groundwater levels to maintain 

acceptable flows in springs and rivers.  The location and number of additional 

infiltration basins were not addressed in this preliminary modeling effort.  But 

this model could be used to visualize the effects of new infiltration basins in 

the model area.   

 

The Water Budget components for actual evapotranspiration, pumping and 

land water use show that 96% of the water used goes to agricultural practices 

with irrigation efficiencies at a maximum of 65%.  Even though most of the 

water, 53%, comes from surface water diversions, a large portion is 

dependent on groundwater both from the basalts (25%) and from the shallow 

gravel aquifer, which is 22% of the applied water.   

 

The overall error shown by the water budget is 7.5%, measured as the ratio of 

inflow versus outflow from the model.  This overall error indicates that the 

conceptual model for the shallow aquifer with a strong hydrologic connection 

between surface and groundwater, a series of springs, unlined irrigation 

canals and the Walla Walla River is fundamentally sound.  Groundwater 

storage and specific head boundaries are expected to change with new 

information provided by geologic reports.  These reports will show the true 

thickness of the aquifer layers.  The Mio-pliocene conglomerate layer, which 

lies above the impervious silty clay layer above the Basalt aquifers, is 
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expected to be thicker than the value used in this model.  The amount of 

infiltration, runoff, applied water, actual ET and deep percolation are 

independent of the aquifer thickness of the third layer; therefore they are not 

expected to change with the same agricultural and urban water demands.  

 

The groundwater and the soil water budgets showed very small (less than 

0.1%) discrepancy between the input and output components.   Therefore, we 

have good agreement with simulation of major hydrologic features like actual 

ET and pumping from the gravel aquifers.  These values have never been 

calculated for this area based on the more complete information applied in 

this modeling effort. Previous studies (Barker and MacNish 1974) show 

uncertainty in their conceptual model of the gravel aquifers (Golder 

Associates, 2007), and are based on a much larger model area with fewer 

observations for surface water and groundwater.  Scaling of these models to 

the model area used in this project is impossible due to land use and hydro-

geological conditions.  The reader should also be careful when comparing the 

aquifer hydrological parameters.  This model used different values for each 

aquifer layer with a thickness varying across the model area. 

 

This modeling effort was made possible in part by the helpful participation of 

Eminc. C Drogul of the California Department of Water Resources, who 

during my two visits reviewed the software code for the necessary 

characteristics to simulate the Walla Walla River Basin.  The attached files in 

Appendix C are all the files necessary to run the Milton-Freewater 

Hydrological Model for the preprocessor, simulation and water budget 

postprocessor subroutines in IWFM version 3.0.  The scenarios of lined 

canals and canceling the infiltration basins are also included.  IWFM is 

available to the public from the California Department of Water Resources 

webpage.  The source code is also available to modify and compile IWFM 

source code in Compaq Visual Fortran version 6.6.  
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Future development of this model includes the possibility of a user interface 

with geographic information systems and a grid generator that will greatly 

influence the decision of the users who wish to start a new application.  IWFM 

was a logical choice to simulate the characteristics found in the Walla Walla 

Basin and for modeling the interactions between surface and groundwater, 

and computing agricultural and urban water demands.  The required amount 

of effort necessary to setup the application with IWFM will depend greatly on 

the information available for each basin and the grid size chosen for the 

simulation model.  This project was completed in two and a half years, from 

grid setup to model calibration and validation.  Most of the time was spent 

collecting and analyzing the information from well logs, stream gauges, and 

aquifer testing.    

 

The hydrologic model produced by this project can be used to test the aquifer 

response to water management practices, as well as changes in climatic 

parameters. In order for the model to be used to understand individual 

hydrological processes, it is necessary to understand the scale at which these 

processes occur and, if warranted, modify the grid size at specific locations. 
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Appendix A Digital Model Simulation Theory 
 

We understand a model as a representation of a real system with specific 

objectives. A regional hydrological model tries to mimic the flow of water at a 

specific location dividing the model into different units or different pools of 

processes, for example, groundwater, surface water and atmosphere. The 

processes and theory behind the simulation model are described next.  

 

1) Darcy’s Law and the continuity equation 

 

The core equation for a simulation model is the main flow equation 

which for a groundwater model it’s found by combining Darcy law  

and the continuity equation 

 

1 Henry Darcy established that for a given type of soil, 

the volume discharge Q is directly proportional to the  

head drop h2-h1 (Total head is defined as the height of water 

above see level) and to the cross section area A, but is  

Inversely proportional to the length difference x1 – x2. 

The proportionality constant K is hydraulic  

conductivity. 

 
 

Darcy’s Law in three dimensions, let Q/A=q 

 

qx= -K (dh/dx),  qy= -K (dh/dy)   & qz= -K (dh/dz) 

Eq. A.1 

Henry Darcy 1803 -1857 
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2. Continuity Equation for a steady-state flow assumes water is not 

compressible and stored in an elemental unit and considering there are no 

sources or sinks. The amount of water flowing into an elemental unit of 

volume is equal to the amount of water flowing out of the elemental volume in 

the three dimensions.   In the case of homogeneous isotropic medium, the net 

change in discharge rate  is: 

 

dqx/dx  +  dqy/dy + dqz/dz = 0 

Eq. A.2 

 

3. Laplace’s Equation: combines Darcy’s Law and the continuity equation into 

a single second –order partial differential equation. 

 

d2h/dx2 + d2h/dy2 + d2h/dz2 =0 

Eq. A.3 

 

4. Poisson’s equation:  Precipitation and discharge from a well are examples 

of positive and negative recharge of ground water. In this case Laplace’s 

equation is no longer equal to zero. 

 

a) For a confined aquifer: 

Let us consider a two-dimensional flow the Laplace’s equation becomes 

 

d2h/dx2 + d2h/dy2  = -R(x,y)/T 

Eq. A.4 

Where: R = Recharge rate = -Q/A 

And T= Aquifer thickness b * hydraulic conductivity K 

And R(x,y)= -Q/  in the case of a  pumping well, recharge will have a 

negative sign and the cross section area A would be  (we need to 

account for the drawdown, or area affected by pumping) 
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b) For an unconfined aquifer: 

 

Let us assume the flow is horizontal and that the hydraulic gradient is equal to 

the slope of the free surface (Dupuit Assumptions) 

 

For a two-dimensional flow in an unconfined aquifer Poisson’s equation 

becomes 

 

K/2 ( d2h2/dx2 + d2h2/dy2) = -R 

Eq. A.5 

   

To get the same solution for a confined aquifer we can substitute v=h2  so: 
 

d2v/ dx2 + d2v/ dy2 = -2R/K 

 

Eq. A.6 

 

The finite difference form of Poisson’s equation for unconfined aquifer with 

the substitution is in the same form that for a confined aquifer but after a 

solution has been obtained in terms of v, the head is obtained by taking the 

square root of v. 

 

 

5. Unsteady Flow in the continuity equation involves the change of head over 

time. The rate at which water is released from storage is  is 

the volume of water released from storage. 

 

If we define Storage S as  

 

                                                                                   Eq. A.7 
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Poisson’s equation for a confined aquifer not at steady state becomes  

 

d2h/dx2 + d2h/dy2  = [ (S/T) * (dh/dt) ] -  [R(x,y,t)/T] 

Eq. A.8 

 

For an unconfined aquifer, the governing equation becomes Poisson’s 

equation plus the incorporation of the storage coefficient S. In an unconfined 

aquifer the storage coefficient is also called specific yield.  

 

 K/2 ( d2h2/dx2 + d2h2/dy2) = S(dh/dt) –R(x,y,t) 

Eq. A.9 

 

If we let v=h2 then (dv/dt) = (dh2/dt) = 2h(dh/dt) 

 

So for an unconfined aquifer the governing equation is: 

 

K/2 (d2v/dx2 + d2v/dy2) = (S/2vv)(dv/dt)-R(x,y,t) 

Eq. A.10 
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6. Flow equation used in IWFM 

 

IWFM incorporates into our transient unsteady flow equation the flow between 

layers of aquifers, flow from streams, lakes, subsurface irrigation (tile drains), 

pumping and land subsidence. 

 

 

Eq. A.11 

 

where 

Ss = storativity, (dimensionless). 

It is equal to the storage 

coefficient 

So, for a confined aquifer and 

specific yield, Sy, for an 

unconfined 

aquifer; 

h = groundwater head, (L); 

q = specific discharge field, 

(L2/T); 

qu = rate of flow into the aquifer 

layer from the upper adjacent 

layer, (L/T); 

Iu = indicator function for top 

aquifer layer, (dimensionless); = 

1 if layer is not top aquifer layer 

0 if layer is top aquifer layer 

qd = rate of flow into the aquifer layer 

from the lower adjacent layer, (L/T); 

Id = indicator function for bottom 

aquifer layer, (dimensionless);= 

1 if layer is not bottom aquifer layer 

0 if layer is bottom aquifer layer 

d = dirac delta function, 

(dimensionless); 

xs = x-coordinate of a stream 

location, (L); 

ys = y-coordinate of a stream 

location, (L); 

Qsint = stream-groundwater 

interaction (see the discussion on 

stream 

flows), (L3/T); 

As = effective area of the stream 

through which stream-groundwater 
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interaction occurs, (L2); 

xlk = x-coordinate of a lake 

location, (L); 

ylk = y-coordinate of a lake 

location, (L); 

Qlkint = lake-groundwater (see 

the discussion on lakes), (L3/T); 

Alk = effective area through 

which lake-groundwater 

interaction occurs,(L2); 

xtd = x-coordinate of a tile drain 

or subsurface irrigation system, 

(L); 

ytd = y-coordinate of a tile drain 

or subsurface irrigation system, 

(L); 

Qtd = tile drain outflow from or 

subsurface irrigation inflow into 

the 

groundwater system, (L3/T); 

Atd = effective area through which 

tile drain outflow or subsurface 

irrigation inflow is occurring, (L2); 

qo = other sources/sinks such as 

pumping, recharge, subsurface 

inflow 

from adjacent small watersheds, 

etc., (L/T); 

 

 

qsd = rate of flow into storage due to 

the compaction of interbeds, (L/T); 

del operator, (1/L); 

x = horizontal x-coordinate, (L); 

y = horizontal y-coordinate, (L); 

t = time, (T
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Flow between aquifers 

The interaction between aquifers can be divided into flow between aquifers 

when they are separated by an aquitard (interaction with confined aquifers) 

and flow between aquifers that are not separated by and aquitard, which in 

the model for Milton_Freewater this occurs between the first three layers. 

Interaction between touchet bed and young gravel and the interaction 

between the young gravel aquifer and old gravel aquifer.  IWFM considers the 

flow or interaction between aquifer layers  and surface water in the following 

manner:  

 

Aquifers not separated by an aquitard. 

 
Eq. A.12 

 

Where: Ku = vertical hydraulic conductivity of the aquitard between the 

aquifer layer and the upper adjacent layer, (L/T); 

bu = thickness of the aquitard between the aquifer layer and the upper 

adjacent layer, (L); 

h = head difference between the top and the bottom of the aquitard,(L); 

Lu = leakage coefficient between the aquifer layer and the upper adjacent 

layer, (1/T). 
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The difference between the aquifers height can be expressed as: 

 

 
Where: zk = elevation of the interface between the adjacent aquifer layers, 

(L). 

 

Substituting the last two equations, the Leakage coefficient Lu in the form of 

two aquifers not separated by an aquitard becomes 

 

Eq. A.13 

 

and substituting into the main flow equation:  

 

 Eq. A.14 

                                                                           

This is the flow equation that IWFM uses where hu  and hd are introduced 

to differentiate between the head difference between the aquifer and the 

upper adjacent layer. This equation serves for any case of confined and 

unconfined aquifers.  The model is able to distinguish based on the input data 

provided for the stratigraphy characteristics of the aquifer.   

 

The solution to this partial differential equation requires the specification for 

the boundaries and (see initial conditions section and model boundaries) 

initial conditions. The previous equations mentioned in the model budget that 
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take into account the effect of rivers, lakes and subsidence also need to be 

solve simultaneously in order to effectively process the interaction among 

them. Since   most of the equations are non-linear, obtaining an analytical 

solution is impossible. IWFM utilizes the Garlekin finite element method to 

approximate the solution to these systems of equations.  

 

The Garlekin Finite Element Method  

 

The Garlekin Finite element method is a hybrid of the finite element and finite 

difference approximation to solve for the unknown value of groundwater 

heads from our main flow equation at specific node locations. As has been 

previously mentioned, the non-linear conditions force us to approximate the 

solution.  To do this we have divided the entire model area into small sub 

areas called elements.  Each element is defined by three to four nodes; our 

points where information is provided about the total groundwater head 

(pressure head + elevation head).  The size of the elements can be varied but 

the numbering of the nodes has to be consistent.  For example we can define 

a lake into one or several elements depending in the lake and element sizes. 

In fig 6.1 a lake is defined into one single triangular element. In the other 

hand, a river is just defined by segments or branches which only require the 

specification of an upstream and downstream node.   
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Fig. A.1Element configuration from IWFM theoretical manual 
 

 

Fig A.2 Finite Differences Implicit Method; from Biosystems Modeling class 

OSU Prof John Bolte 
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The size of the elements as mentioned by the IWFM literature should be 

based on observed or predicted groundwater head gradients throughout the 

model domain. Therefore, in areas where the flux is large, the size of the 

elements should be smaller than those located in areas of relatively small flow 

gradients. Given the convenience of setting a regular grid with same sides 

length of quadrilateral element, the approach to develop the grid mesh was by 

using the software Interactive Groundwater version 3.5.8 (IGW3.5.8) as a grid 

generator over our model domain.  Based on the information provided by the 

well database of the watershed council and the Report of the geology 

stratigraphy by Kevin Lindsey, a grid size of 329 m was generated producing 

416 elements, 31 triangular (to capture the boundary geometry of the basins), 

and 385 quadrilateral. The total number of nodes are 445 in 4 layers (see 

stratigraphy geology). It worth mentioning that previous IWFM applications 

have been using much bigger element sizes making this model an attractive 

solution where there is not enough information without losing convergence 

problems. The Milton-Freewater simulation model is one of the first attempts 

to simulate on such a small scale. However for some of the processes that we 

are trying to simulate a much smaller grid size will be desired to see the 

detailed effect; for example the water mountain generated from the infiltration 

basin after a recharge event. In the future, California Department of Water 

Resources is evaluating the idea of a grid generator inside IWFM.  In this way 

we could change the grid size and look closer at specific location. For this 

project the information generated from the model will be enough to evaluate 

our basic questions formed by the different management scenarios.  

 

Once the grid is generated, our main flow equation is to be solved for each 

element based on our nodal values. The Garlekin finite element method leads 

to a set of algebraic equations by applying a weighted function to head from 

each node also called shape function that depends only on the geometric 

characteristics of the finite element for example: 

 



 

 

87 

 
 
 

 

 
 

The shape function  would vary between a triangular or quadrilateral element.  

The shape function for a linear triangular element is calculated by a linear 

interpolation. For example if we want to know the head value at the center of 

a triangular element from which the distance to any of the three nodes is the 

same, the head at that point would be the summation of one third of each 

node given the same weight to each node. 

 

he(center) =1/3hi +  1/3hj + 1/3hk 

Eq.A.16 

 

For any situation the linear interpolation formula would be   

 

 



 

 

88 

 
 
 

A is the area of the triangle define by ijk and ? are the shape functions.  

 

 
Figure A.3 Triangular element IWFM Manual  
 

For a bilinear quadrilateral element the coordinates (x,y) are  to be 

transformed into coordinates and by Lagrange polynomials the shape 

functions are then calculated  as: 

Eq.A.18 
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Fig A.4 Example of transformed coordinates 

 

The main flow equation A.14 can then be re-expressed in a finite element 

notation as 
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Our new flow equation in finite element terms uses the inflow to the boundary, 

the second and third integral of the equation, to solve in multilayer aquifer 

system, setting a matrix of ordinary differential equations of N x NL. The finite 

difference method is then applied in a fully implicit way to solve in time 

converting our finite element flow equation into an hybrid with the finite 

difference method as: 

 
 

The index e represents the element number that if it is using the node i from 

which the integrals are defined then it has a non-zero value, other wise it will 

not be calculated. The only terms that are spatial functions are:   (Te)t+1 and 

d(x-xs, y-ys) , d(x-xlk, y-ylk).   

 

The rest of the terms are either constant over an element or a function of 

time, assuming that the boundary flow it’s already available.  Then by 

simplification, taking the transmissivity (Te)t+1 constant over an element but 

different from element to element, the shape functions and the dirac d 

functions of stream and lake locations are the only terms that remain in the 

integrals (IWFM version 3 Theoretical manual). 
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Eq. A21 

 

 The solution to these three integrals will vary between triangular and 

quadrilateral elements. After solving for these equations, IWFM also applies 

the finite element technique by multiplying the shape functions to the vertical 

flow, subsidence, stream groundwater interaction, lake-groundwater 

interaction as well as boundary and initial conditions equation explained in the 

water budget components. The system of equations produced by the 

hydrological processes has to be solved simultaneously where the three 

unknowns at the next time step are groundwater head ht+1, stream surface 

elevation hst+1 and lake elevation h lk
t+1.    

This system of equations is represented in a matrix form as: 

 

[X]{Ht+1}+{F}=0  Where 

 Ht+1 is the vectors of unknowns for each stream node (NR), lakes(NLK), 

aquifers(N) times the number of aquifer layers (NL), a total system of 

NR+NLK+(NL*N).  The Taylor series expansion is used by the Newton-

raphson method in order to linearize the equation. 
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Appendix B. Aquifer Testing 
 

In cooperation with the Walla Walla Basin Watershed Council four aquifer 

tests were performed to determine the hydraulic properties of the unconfined 

aquifer system. Duration, dates and commentaries can be found in Table A.1.  

 

Table A.1 Number, date and duration of  aquifer testing  

Aquifer test 

# 

Date of operation Duration 

(hrs) 

Average flow 

rate (gpm) 

commentaries 

1 June 22, 2006 9 76 Irrigation Ditch 

running at 12m from 

pumping well HBDIC 

2 August 28, 2006 30 33 Ditch Off pumping 

noise 

3 February 7, 2007 5 78.5 Ditch Off, no pumps 

around observation 

well 

4 February 8, 2007 73 82.21 Ditch Off, no pumps 

around observation 

well 

 

Location and methodology: 

 

The artificial recharge project ran by the WWBWC in conjunction with Hudson 

Bay District Improvement Company (HBDIC), has set up 4 observation wells 

around the infiltration basins to monitor the  behavior of the groundwater 

recharge (more on water budget parameters, lakes). The characteristics of 

the observation wells  are the following: 

 

The Pumping well have a 4 inch diameter installed to a total depth of 67.75 ft 

(20.65m), screened interval extends from the bottom 50.75 ft (15.5m) 
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Observation well #2 at 109.35 ft (33.33m) from pumping well; 2 inch diameter 

installed to a total depth of 60 ft (18.29m) screened from the bottom 45 ft 

(13.7m)   

 

Observation well #3 at 994 ft (303m) from pumping well; 2 inch diameter 

installed to a total depth of 71 ft (21.64m) screened from the bottom 55 ft 

(16.7m)   

 

Observation well #4 at 397 ft (121.3m) from pumping well; 2 inch diameter 

installed to a total depth of 61 ft (18.5m) screened from the bottom 45 ft 

(13.7m)   

 

A submergible pump (Make: Berkeley Pump Company, Model #4CM-9) of 

3Hp was installed at intake depth of 58ft (17.68m). The pump was supplied by 

a propane feed Electric motor brand Kohler running at 300Volts.   

 

The pumping well and observation wells were monitor manually and by a 

pressure transducer every half a minute for the first 10 minutes, then every 

minute for the next hour, then every 5 minutes for the next two hours and 

finally every 30 minutes for the rest of the test duration.  

 

For each aquifer test, a step drawdown test was performed to ensure a 

constant pumping rate without compromising the submergible pump. The step 

drawdown consisted of pumping at different rates for 30 minutes each and 

observed the drawdown generated, comparing between the several tests to 

determine which was the maximum rate possible for the constant pump test. 
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Pumping test analysis and results 

 

The unconfined gravel aquifer has an enormous variation during the water 

year due to pumping, turning unlined irrigation canals on and off and artificial 

recharge from the infiltration basins. Figure A.5 shows the normal variation in 

water elevation observed in the well used as a pumping well.  

 
Fig A.5 variation of the water level in observation well next to the infiltration 

basins.  

 

To capture the real aquifer characteristics from the aquifer testing these 

variations had to be considered. Three methods where used to consider the 

aquifer variation, these are the following:  

 

Method 1: Estimate the expected draw down and compare the volume of 

aquifer displace using radial distance from the well.   

 

 Draw down expected (m) = Known Pumping rate Q(m3 /min) * Time pump 

has been run t (min)    / Area from pumping well to observation well A(m2 ) * 

porosity of Aquifer. 
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For example if the pump well  has been running for 240 min with a constant 

flow rate of 16.5 gpm or 6.25*10-2 m3/min we expect that  an  observation well 

located 33.33 meters from the pumping well would have the following 

drawdown 

Drawdown expected                                                       Eq. A21 

=(6.25*10-2 m3/min * 480 min)/[(3.1416*(33.33m)2 * 0.27) = 3.18*10-2 m or 

1.25 inch 

 

Method 2:  Comparing years 2004, 2005 and 2006, we can say that after the 

infiltration basins stop the operation, the water mound will be stabilize at the 

same rate. Graphs A.6 and A.7 show the static water level trends after the 

artificial recharge. This rate can be subtracted to the observed drawdown to 

get the actual effects of the pumping test.   

 

      

 

Figure A.6 and A.7 observation wells for years 2004-2005 and 2005-2006 

respectively 

 

Method 3: Looking for a fixed boundary. The WWBWC has set up a network 

of observation wells over the entire model area. Wells that are far enough 

from the pumping well show the same trends as the observation wells but 

without the effects of the pumping. This trend can be subtracted from our 

observation wells to get actual drawdown 
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Figure A.8 Water level trends and effects of recharge and irrigation canals 

farther from the pumping well source WWBWC Bob Bower 

 

The data was analyzed manually and by the Software AQTSOLV for windows 

Version 4.02 – Professional Developed By Glenn M Duffield, Hydrosolve, Inc. 

This Software has the capability of testing different methods for confined and 

unconfined aquifers. The method that best describes our aquifer conditions is 

the solution derived by Neuman (1974) for unsteady flow to a partial 

penetrating well in an unconfined aquifer with delayed gravity response. Data 

from the software manual show that the analytical solution is solved by the 

following sets of equations:  
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EqA.22 

Where 

1. b is aquifer thickness [L] 

2. Kr is radial hydraulic conductivity [L/T] 

3. Kz is vertical hydraulic conductivity [L/T] 

4. Q is pumping rate [L3/T] 

5. r is radial distance [L] 

6. s is drawdown [L] 

7. S is storativity [dimensionless] 

8. Sy is specific yield [dimensionless] 

9. t is time [T] 

10. T is transmissivity [L2/T] 

And for a partial penetrating well the drawdown is found by the following: 
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Eq. A.23 

where 

1. dD is dimensionless depth to top of pumping well screen (d/b) 

2. J0 is Bessel function of first kind, zero order 

3. lD is dimensionless depth to bottom of pumping well screen (l/b) 

4. zD is dimensionless elevation of piezometer opening above base of 

aquifer (z/b) 

5. z1D is dimensionless elevation of bottom of observation well screen 

above base of aquifer (z1/b) 

6. z2D is dimensionless elevation of top of observation well screen above 

base of aquifer (z2/b) 

The assumptions for this model solution are: 

1. aquifer has a infinite real extent 

2. aquifer is homogeneous and has uniform thickness 

3. aquifer potentiometric surface is initially horizontal 

4. pumping well is fully or partially penetrating 

5. aquifer is unconfined with delayed gravity response 

6. flow is unsteady 

7. diameter of pumping well is very small so that storage in the well 

can be neglected 
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Results for the first aquifer test (06/20/06)

 

 

 

 

 

 

 
 
Figure A 9 Drawdown from the first pump test  

 

Figure A 10 Results from AQTESOLVPRO 

Table A2. Results from the first pump test

Method Transmisivity 

Hydraulic 

conductivity m/day 

Theis 1953.3 36.17 

Neuman 1819.8 33.70 

Moench 1819.9 33.70 

First pump test  with out natural dropping rate
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Results for the second pump test (08/28/06): 

 

  

 

 

 

 

 

 

Fig. A11 Results from  the 2nd aquifer test 

 

Figure A 12 Results from AQTESOLVPRO 2nd aquifer test 
 
Table A.3 Results from the second aquifer test 

Method Transmisivity 

Hydraulic 

conductivity m/day 

Theis 1099.3 20.36 

Neuman 1168.9 21.65 

Moench 1169.1 21.65 

Pum test 2 W/O droppping rate
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Results for the third pump test (02/07/07):

 

 

 

 

 

 

 

 

 

 

Fig. A13 Results from  the 3rd aquifer test

Figure A 14 Results from AQTESOLVPRO 3nd aquifer test 
 

Table A.4 Results from the second aquifer test 

 

 

 

 

 

Method Transmisivity 

Hydraulic conductivity 

m/day 

Theis 1720.9 31.87 

Neuman 1664.8 30.83 

Moench 1664.8 30.83 

3-1 without dropping rate 1.36
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Results for the forth pump test (02/08/07): 

 

 

 

 

 

 

 

 

 

 

 

Fig. A15 Results from  the 3-2 aquifer test

 

Fig A.16 Results from AQTESOLVPRO aquifer test # 3-2 

 

  

Table A5 Results from the aquifer test #3-2 

 

 

 

Method Transmisivity Hydraulic conductivi ty m/day 

Theis 430.4 7.97 

Neuman 718 13.30 

Moench 719 13.31 

test 3-2 well 2 with dropping rate
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Conclusions and final recommendations Aquifer testing 

 

Considering the noise or natural variation in the water table was achieved by 

comparing the rate at which the aquifer was dropping in far away wells 

(method 3), and then comparing this rate to the observation well, verifying the 

rate by the simple calculation showed in method number 1. For the third and 

fourth pump tests, extra information was available by comparing previous 

years and events of the infiltration basins for artificial aquifer recharge. Using 

the software AQSOLVE it was possible to test several solutions and match 

the best model available. The Neuman (1974) solution was the best for all the 

pump tests. The best results were found in the first aquifer test where there 

were not other pumps around, and the aquifer was fairly stable. The irrigation 

canal that was running at a distance of 12m from our pumping well didn’t 

affect our results since the water table was originally 14 meters below ground 

level. Aquifer testing # 2 has the most variability, the irrigation canal is off and 

most of the water for irrigation comes from wells around the testing site. 

Aquifer test # 3 gives very similar results to the first aquifer test, the water 

level at the observation wells were in the same range. For aquifer test number 

4 the water level was at a much lower elevation than test number 1 and 3, the 

water drawn by the pump test came from a slower more compact part of the 

aquifer, the hydraulic conductivity decreases with depth from the ground 

surface. The 4 aquifer testing here presented are the only reported tests 

perform to the gravel unconfined aquifer; values for hydraulic conductivity that 

have been reported have been made by modeling efforts or geology 

descriptions, these are:  

 

Barker and Mac Nish 1976 Gravel Aquifer model pag 29 gives the following 

ranges 4m/day to 20 m/day, 20m/day to 40 m/day, 40m/day to 65.84 m/day 

 

Kevin Lindsey test site geology, hydrogeology and water 3.6 to 183 m/day 
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Golder associates, City of Walla Walla extended area groundwater flow 

model. Reported  15.24m/day for most of the area and 30.48m/day for areas 

next to streams 

 

Literature values show similar results; Bear 1972 for unconsolidated sand & 

gravel show values in the range of 101 m/day and EPA1986 for a coarse sand 

to coarse gravel with moderate silt content is 30m/day, high silt content 

27m/day. 

 

We expect a variability of the aquifer properties over the model area, extra 

aquifer testing are proposed for different locations. Given the model sensitivity 

to this parameter a more detail analysis could improve future modeling work. 

The range of values for Hydraulic conductivity used in this model are 22m/day 

to 34 m/day more information on aquifer parameters can be found in section 9 

parameter used in the model. 
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Appendix C: CD with  Milton-Freewater Hydrologic Model and scenarios  
files of IWFM, and model outputs. Database in excel with all the 
information input in to the model.
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810 S Main / PO Box 68 ~ Milton-Freewater, Oregon  97862 ~ (541) 938-2170 

2008 Project Update 
Fiber Optic Groundwater and Fisheries Study 

(WMI Task 5.6) 
 

Prepared by Nella Parks, Hydrologic Technician 
Walla Walla Basin Watershed Council 

December 17, 2008 
 
OWEB Grant #208-8002 
 
Project Overview 
The Fiber Optic Groundwater and Fisheries Study is a collaboration of the Walla Walla 
Basin Watershed Council (WWBWC), Oregon State University (OSU), and US Fish and 
Wildlife Service (USFWS) to carry out the most rigorous validation of stream temperature 
models ever attempted in the Walla Walla River Basin.  During the winter to spring 2008, the 
WWBWC, OSU and USFWS staff worked together to develop a study plan for the project 
that would encapsulate both the fisheries and the groundwater-instream scientific questions 
being tested with this multidisciplinary project.  In July 2008, the WWBWC submitted a draft 
study plan outlining the specific fisheries goals, research questions and logistics (Appendix I) 
to the USFWS team in Vancouver, Oregon. This report was used by USFWS to formulate 
how they might best compliment the project while utilizing the process to further their own 
Walla Walla basin research and Bull Trout management goals. They finalized their 
involvement for the 2008 season with their work plan (Appendix II.)  

 

As outlined in the May 2008 USFWS work plan (Appendix II), the objectives of this project 
are to: 1) Determine specific groundwater inflow locations along the Oregon and 
Washington study sections of the Walla Walla River; 2) Quantify groundwater inflow and 
temperature reduction locations in the study sections of the river and; 3) Cross reference 
groundwater inflow occurrence and quantities with fish species, life history, and habitat 
information.  

 

Groundwater inflow locations were determined using temperature as the primary indicator 
since groundwater enters the stream system cooler than the river channel water.  Fiber Optic 
Distributed Temperature Sensing (DTS)1 technology allows for measurement of temperature 
to 0.01 deg C every meter along the river bed using standard communication fibers.  Data 
can be obtained as often as every 30 seconds along the entire cable, with the instrument 
capable of immediate wireless communication of these data via cell or satellite connections. 
Groundwater and temperature reduction locations in the study reach were determined 
                                                 
1 http://www.sensornet.co.uk/products-&-systems/sentinel-dts-product-range.cfm 
http://cp.literature.agilent.com/litweb/pdf/5989-4500EN.pdf   



 

2 

though a detailed survey of the physical stream features and shade.  Seepage runs, or 
instantaneous flow measurements taken throughout the reach, were used to quantify the gain 
and loss of water to the system, and therefore quantify the groundwater inflow.  This aspect 
of the project was also conducted by OSU and WWBWC.  

 
Finally, groundwater inflow occurrence was cross-referenced with fish snorkel surveys taken 
by the USFWS along the fiber optics reach in the summer. 
 
2008 Field Work 
Field work on the Fiber Optic Groundwater and Fisheries study in 2008 was both 
productive and challenging.  Since use of fiber optic cable in the riverine environment is a 
new application of the technology, many issues had to be overcome throughout the field 
season.  However, WWBWC and OSU staff learned how to make the project more efficient 
and effective over this trial field season, and the data collected was of better quality than that 
collected the previous season.  The field activities and data collection are summarized below 
in accordance to the three major objectives of the project. 
 
Objective 1:  Determine specific groundwater inflow locations  
On July 17th and 18th, 2008 roughly 4000 meters of fiber optic cable were deployed in the 
mainstem Walla Walla river from Mauer Lane downstream to the Bier farm, which is just 
south of the state line.  Staff and students from WWBWC and OSU reeled the cable out and 
covered with rocks to keep it on the river bed along both banks of the river.  The DTS 
computer logging the data was installed in a safe box at Mauer lane.   
 
The 2008 fiber optics cable was a newer, lighter design than the 2007 cable, making it easier 
to deploy.  The new cable also returned more light to the DTS computer, resulting in better 
resolution of the data.  However, the cable was also more fragile and required repairs 
throughout the season due to beaver activity, vandalism, and wear.   
 
In addition to the continuous temperature from the fiber optics cable, eight TitBit® 
temperature loggers were deployed along the cable length as a calibration-reference for the 
cable data.  Finally, the cable and all field equipment were retrieved October 1 and 2, 2008 
by WWBWC and OSU. 
 
Objective 2: Quantify groundwater inflow and temperature reduction locations  
Four data loggers and staff gages were installed at the beginning, end, and midpoints along 
the fiber optics reach to measure flow through the field season.  Three instantaneous flow 
measurements were taken at each data logger in order to create rating curves.  Additionally, 
one seepage run was conducted on the reach September 15, 2008.  Two additional seepage2 
runs along the entire length of the mainstem of the Walla Walla were also conducted on July 
23 and November 3, 2008. 
 
An extensive survey and documentation of the physical characteristics of the fiber optics 
reach was conducted on July 22, 2008 in order to compare the continuous temperature data 

                                                 
2 Seepage run is a flow inventory where all measurable inflows (tributaries, springs), outflows (diversions) and 
instream flows are measured to quantify flow in a given river or river reach.  
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to the reach’s geomorphological conditions.  Specifically, it allowed us to assess correlations 
between channel morphology and hyporheic and groundwater temperature information.  
In the survey, gravel bar and pool size and extent was estimated and also documented with 
photographs.  GPS coordinates of all gravel bars, pools, and suspected groundwater seeps 
were noted along with the cable meter number for reference the to the fiber optics 
temperature data.  Other detailed notes and coordinates were taken on areas of beaver 
activity, sections where the cable was exposed to the air, and points of agricultural and 
irrigation inflows.   
 
On September 29, 2008 a survey of effective shade along the reach was conducted using a 
black and white fiber optics cable and a solar pathfinder.  The black and white fiber optics 
cable was installed above the thalweg of the river above the water to collect air temperature 
data for 24 hours.  In tandem with the solar pathfinder, which is used to estimate effective 
shade throughout the year, the estimated effective shade for the reach was established.  This 
information will be used to differentiate between the effects of the daily solar cycle with that 
of groundwater inputs on stream temperature. 
 
Finally, on September 29 and 30, 2008 two tracer experiments were conducted in the fiber 
optics reach to study the movement of river water through hyporheic zones.  In one 
experiment three small wells were dug in a gravel bar and surveyed to determine the 
gradient.  Salt and dye were added to the wells and the emergence and disappearance of the 
dye was timed.  Additionally, an array of conductivity meters connected to data loggers was 
deployed downstream to determine travel time of water through the gravel bar and actual 
velocity of the water.  In the second tracer experiment salt and dye were added to the river 
upstream of a large gravel bar and their appearance was monitored by the array of 
conductivity meters directly below the gravel bar.  All tracer experiments were repeated 
several times.  
 
Objective 3: Cross reference groundwater and fisheries data 
In the July, 2008, the WWBWC-OSU-USFWS worked together to refine a joint study plan 
for this project. This study plan helped better refine the fisheries component of the project 
and provide the USFWS the information they needed to facilitate their participation in the 
project with approval from their regional office. The final study plan is attached as Appendix 
I.  
 
On August 27 and September 10, 2008 snorkel surveys of fish species in pools in the reach 
were conducted by the USFWS.  These surveys in tandem with the fiber optics stream 
temperature data, have brought to light correlations between salmonid distribution and 
groundwater seepage in this reach.  Additionally, analysis of the fisheries data combined with 
the output from the fiber optic and physical habitat and tracer work will be conducted 
during the winter 2008-9. Final results will be combined with data from the 2009 field season 
and finalized in 2009-2010.  
 
Field Work Challenges and Revisions
The main difficulty facing the project in 2008 was the number of cable breaks that occurred.  
The 2008 cable was much thinner than the 2007 cable and performed better in data 
collection and cable deployment, however it was more fragile and susceptible to animal and 
other damage.  Repairing the cable was also difficult because the splicing tool was shared 
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between the Walla Walla project and a similar project on the John Day River and housed at 
OSU in Corvallis.  Initially, there were also problems with the DTS computer data collecting, 
however, these problems were solved fairly early in the field season.  Finally, at the end of 
the irrigation season the power source was turned off by the farmer at the Mauer Lane site 
causing some additional data gaps.  An arrangement was required to compensate the farmer 
and allow us to continue using his irrigation power source.   
 
Many of the difficulties with the strength of the 2008 cable are expected to be resolved in 
the next field season because OSU is designing a more durable cable. This is cutting edge 
technology is being applied for the first time in riverine systems, so some problems are 
expected as we work through the application. 
 
2008 Analysis Work 
Data analysis for the Fiber Optics and Fisheries Study and QA/QC started in December 
2008 with the final report available in November 2009.   
 
2008 Outreach Work 
The 2007 and 2008 studies and results were presented by OSU on September 15, 2008 at the 
monthly WWBWC council meeting.  Additionally, OSU presented this study at the 
Watershed Management Initiative Technical Review Team meeting to regional scientists on 
December 5, 2008   
 
Future Work 
The rigorous temperature, physical, and biological study of the fiber optics reach provides an 
in-depth, multi-dimensional view of the effects of groundwater and temperature on fish 
species in the Walla Walla River, and it will continue in 2009.  The cable will be deployed 
again in 2009 and fish surveys and complementary data surveys will be conducted again.  A 
full analysis and report will be available in November 2009, as outlined in the May 2008 
work plan.   
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Appendices 
 

Appendix I 
Draft Fisheries – Fiber Optic Study Project Plan 
 
Appendix II 
Final USFWS 2008 Work Plan for Fisheries Component of Project 
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Appendix I: Submitted to USFWS July, 2008 
 
 
 

 
 

WWBWC-OSU-USFWS Groundwater-Fisheries Collaborative Study 
 
 
 
 
 

6/27/2008 
 
 
 
 
 
 

Prepared for the USFWS and OSU by 
 
 
 
 

Bob Bower,  
Hydrologist, WWBWC.  
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Forward:  
After reading through the Bull Trout Recovery Plan (USFWS, 2004), the 2008 USFWS Study 
Plan and reviewing the USFWS comments at the 2008 Walla Walla Research, Monitoring 
and Evaluation meeting, I believe I can better prepare an overview of the purpose and 
staffing needs for this collaborative project.  The following is a study plan to lay out those 
connections along with the basic logistical information needed for planning a collaborative 
project. I have taken the liberty to use the same format that USFWS used in its’ 2008 Study 
plan.  
 
Introduction:  
Stream temperature is a key determinant of habitat for ESA listed salmon and bull trout.  
During the low-flow or irrigation season (June through November), streams are fed 
primarily by groundwater, which is generally cool, and temperature is further moderated by 
hyporheic passage of stream water through permeable bed materials.  While it is common in 
fisheries research to observe that coldwater fish often use what is likely groundwater and 
hyporheic cooled areas of streams and river, little research has been done to quantify the 
hydrogeology and fisheries interrelationships. With groundwater supplies throughout the 
Columbia River basin in decline, it is critical for ESA species research to develop tools that 
will make clearer the linkages between groundwater and fish.  
 
These kinds of linkages between groundwater and ESA recovery efforts are occurring “with 
increasing frequency.” (Vottler, 1998). In Texas, the region containing the Edwards Aquifer 
has had the management of that system become controversial and divisive over the past 40 
years. The conflict “erupted between rural and urban interests and between pumpers and 
those living downstream of its spring outlets who depend on spring flows for their surface 
water.” In this situation the Endangered Species Act (ESA) became the instrument that 
eventually brought state regulation to the Aquifer. Other recent publications also stress the 
importance for fisheries research to focus on a better understanding of groundwater and 
habitat relations.  
 
In November 2006, British Columbia’s Salmon recovery group Watershed Watch published 
a report titled Review of Groundwater-Salmon Interactions in British Columbia that highlighted the 
growing importance of this issue. In their report they state that;  
 
 “… information on such interactions is often scares and/or scattered. Interest in 
groundwater-surface water issues and associated water conflicts and shortages will only 
increase, due to steadily increasing demands for already oversubscribed water resources, the 
effects of climate change on water use and demand, and the prevalent view that groundwater is 
an automatic alternative to surface water when surface water rights are unavailable. These 
factors inevitably result in heightened concerns about surface and groundwater depletion, 
including effects on wild salmon and other ecosystem values.”  (Douglas, 20063)  
Similar conclusions were shared in Trout Unlimited’s Gone to the Well Once Too Often: The 
Importance of Groundwater to Rivers in the West a report by TU’s Western Water Project. They 

                                                 
3 http://www.watershed-watch.org/publications/files/Groundwater+Salmon++hi+res+print.pdf 
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began the paper by saying:  
 
“Many ask, ‘Why should people who care about healthy rivers also care about ground water 
management?’ Our answer: ground and surface water are connected to each other and as a 
result, pumping ground water can adversely affect river flows. In too much of the West, new 
water users start using ground water because river flows are insufficient. Ground water is seen 
as a new source to solve their water needs, but ground and surface waters are not separate and 
will rise and fall together. Ultimately, rivers bear the burden.” (Trout Unlimited, 20074).  
 
The USFWS has already done some work in the area of making these scientific connections 
between fisheries and groundwater interactions. In 1998 a report titled Fisheries Stewardship 
Progress Report Coaster Brook Trout (Rawlings, 19985) found that “…streams that retain low 
temperatures and stable flows (indicating high groundwater input) are able to support a year-
round population of coldwater fish and therefore are the streams in which the Alpena FRO is 
concentrating their electrofishing studies.” This collaborative study would go beyond 
“indications” of groundwater connections and help to build a multidisplinary understanding.  
Further more, this project will complement the USFWS’s general management (research) 
goals in the basin in two direct areas:  

 Project will help monitor and record water temperatures in the mainstem river system 
(Task 2.3, USFWS 2008 Study plan). 

 Project will provide high resolution temperature, flow, digital elevation information and 
fisheries information for the development of their Hydrodynamic Modeling (PHABSIM) 
study from Nursery Bridge to the Burlingame Diversion (Walla Walla Research, 
Monitoring and Evaluation meeting, May 2008).  

 
This project will also fulfill a specific Recovery Action listed in the Umatilla-Walla Walla 
Recovery Unit’s Bull Trout Recovery Plan which states:  
 
1.2.19 In the Walla Walla basin, investigate groundwater-surface water interactions and 
implement study recommendations. Work with water management agencies to address how 
groundwater withdrawal affects instream flows. Evaluate effects of historical gravel removal 
downstream of Nursery Bridge (Chapter 10, page 105). 
 
In the Walla Walla basin we have a unique opportunity to make these linkages through a 
collaborative research effort between the Walla Walla Basin Watershed Council, Oregon 
State Universities Department of Biological and Ecological Engineering and the United 
States Fish and Wildlife Service, Portland. Through the use of 5 kilometers of temperature 
sensing fiber optic cable (OSU), snorkel surveys along the study reaches (USFWS) and the 
collection of hydrologic and geomorphologic data (WWBWC) we will be able to better 
quantify the critical connections between groundwater, hyporheic exchanges and fisheries 
rearing and passage. The project is scheduled to be done over a 3 year period, with field data 
collected in 2008, 2009 and final reports being generated in 2010.  
 
                                                 

4 http://www.tu.org/site/c.kkLRJ7MSKtH/b.3338279/ 
5 http://www.fws.gov/midwest/alpena/rpt-costr98.html 
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Research Objectives:  
1. Determine groundwater and hyporheic interactions as they occur through spatial 

locations and as they vary in time: diurnally and seasonally.  
2. Quantify groundwater and hyporheic interactions volumetrically and relative to 

channel morphology including; relative to pool, rifle, glide,  gradient, irrigation 
diversion withdraws/inputs, shade and basic water chemistry.  

3. Quantify groundwater and hyporheic interactions as they relate to aquifer pumping 
during irrigation season (i.e. do they significantly decrease as well pumping increases) 
and how this relates to fish use of these groundwater microhabitats.    

4. Quantify and correlate groundwater data and fisheries survey information including 
species diversity, spatial distribution (seasonally), and native vs. nonnative. In the last 
final survey of the irrigation season, when bull trout begin to return to this section of 
river assess groundwater inputs with microhabitat (i.e. at a fish location), mesohabitat 
(i.e. within a stream reach) and macrohabitat (i.e. within a basin) scales.  

5. Utilize groundwater, surface flow and temperature data to recalibrate Walla Walla 
River Heat Source model (OSU using Mathlab).  

 
Bull Trout Management Questions:  
What are water temperatures in the Walla Walla Basin throughout the year? What are 
water temperatures when bull trout are and are not in areas of groundwater and hyporheic 
exchange? What water temperatures will bull trout tolerate? Would groundwater flow increase 
(e.g. aquifer recharge) help create more tolerable micro and mesohabitat for bull trout?  
 
Methods:  
This project will utilize approximately 5 kilometers of fiber-optic temperature sensing cable coupled 
with snorkeling surveys and a survey-grade GPS channel survey to link physical habitat, fisheries 
information, with groundwater and hyporheic exchanges in two sections of the Walla Walla River. 
The first designated section is on the Oregon portion of the basin between Tumalum Bridge (RM 
43.7) and Birch Creek Confluence (RM6 41.5) at the WA/OR Stateline. Fiber optic equipment will be 
deployed the week of July 14th, 2008. This equipment will stay in the Oregon section of the river 
through the remaining part of the summer and be removed in fall 2008 (likely November, 2008). At 
least one snorkel survey for species, location and time of day will be conducted. Ideally this survey 
will be done at a time of year when Bull Trout having moved down into this section of the river for 
rearing (October/November). A survey grade GPS will also be used to survey the cable (following 
installation) to determine spatial location and gradient for this reach. Temperature loggers and flow 
data will also be collected through the installation period to be used in the analysis phase of the 
project.  
 
In 2009, the second study section of the Walla Walla River will be on the Washington section of the 
river from approximately the Yellowhawk Creek Confluence (RM 39.4) to the GFID #13 diversion 
(near Beet Road, RM 37.6). This second year of data collection will utilize the off-season analysis of 
the 2008 field season to fine tune the habitat and fisheries survey methods. Fiber optic cable will be 
deployed as early in the irrigation season as is safe (limited by high flows of spring freshet) and run 
until the late irrigation season, or fall 2009.  
 

                                                 
6 Actual River Mile determined from Walla Walla TMDL temperature modeling and river digitizing project.  
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The technology that makes these groundwater measurements possible has become feasible only in 
the last year; know as Fiber Optic Distributed Temperature Sensing (DTS)7.  The technology allows 
for measurement of temperature to 0.01 deg C every meter along standard communication fibers up 
to 30,000 meters in length.  By putting rugged fibers in streams it is possible to continuously monitor 
stream temperature for indefinite periods of time even under aggressive impact conditions (e.g., cow 
hooves and rolling boulders).  Data can be obtained as often as every 30 seconds along the entire 
cable, with the instrument capable of immediate wireless communication of these data via cell or 
satellite connections.   
 
Temperature recorders, flow measurements, water quality measurements and habitat information will 
be collected at least once every 250 meters of fiber optic cable.  
 
Data management/Analysis: 
All data will be recorded in the field and entered into Excel database. Fiber optic 
temperature data will be analyzed utilizing methods as described in Selker, 2006. 
Temperature loggers will go through pre/post deployment calibration process per the 
WWBWC water quality management plan. Flow measurements and other water quality 
measurements and instruments will follow standard USGS and ODEQ (EPA) protocols and 
procedures. General physical data, fiber optic information and fisheries information will be 
compared to examine general patterns and values of association. More in-depth statistical 
analysis will be conducted following the 2009 field season based on continued discussions 
between USFWS, OSU and WWBWC and the interim results.   
 
Anticipated Results: 
High resolution groundwater data will be correlated with fisheries information to explore the 
research objectives outlined above.  Data will be shared and tabulated, and shared graphically 
and in GIS map forms. Results are likely to provide enough information for a publication 
submittal by OSU, USFWS and WWBWC. Continued development of the fiber optic 
equipment for even more advanced habitat assessments is likely for numerous ESA and 
salmon species in the Pacific Northwest.  
 
Fiber Optic Method and Analysis References:  

• Selker, J.S., L. Thévenaz, H. Huwald, A. Mallet, W. Luxemburg, N. van de Giesen, M. Stejskal, J. 
Zeman, and M. Westhoff, and M.B. Parlange.  Distributed Fiber Optic Temperature Sensing for 
Hydrologic Systems.  Water Resource. Res.  DOI:10.1029/2006WR005326.  2006 

• Selker, J.S., N. van de Giesen, M. Westhoff, W. Luxemburg, and M. Parlange.Fiber Optics Opens 
Window on Stream Dynamics. Geophys. Res. Let. DOI:10.1029/2006GL027979.  2006. 

 
Project Team:  
Oregon State University:  

 Dr. John Selker, Biological & Ecological Engineering 
 Dr. Richard Cuenca, Biological & Ecological Engineering 
 OSU Graduate Student(s) Engineering/Fisheries Science (potential) 

WWBWC  
 Bob Bower, Hydrologist  
 WWBWC Hydro Technicians  

 
 
                                                 

7 http://www.sensornet.co.uk/products-&-systems/sentinel-dts-product-range.cfm 
http://cp.literature.agilent.com/litweb/pdf/5989-4500EN.pdf   
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USFWS 
 Darren Gallion, Lead Fisheries Biologist 
 Don Anglin, Walla Walla Basin Fisheries Research Program Manager,   
 USFWS Field Technicians 

WDFW (potential):  
 Glen Mendel, Lead Fisheries Biologist (Walla Walla basin)  
 WDFW Field Technicians 

 
Project Deliverables and Reporting:  
The project team will generate stand-alone report outlining the project objectives, methods, results 
and conclusions which will be provided to the project collaborators and funding agencies.8 Copies of 
any laboratory and/or field data along with the final report will be provide in paper form (when 
appropriate) and electronically on completion of the project. All electronic information will use the 
following labeling format for incorporation into the WMI monitoring database and electronic 
archives:  
  
Key dates for deliverables are as follows:  

∞ July 1st 2008. Draft outline of fiber optic study plan.  
∞ July 14th 2008 Deployment of fiber optic cable, temperature loggers, and collect first set of 

basic flow and temperature data. WWBWC/OSU staff collects data and checks cables every 
10-14 days during operations.   

∞ July 16th, 2008 through September 16th, 2008. USFWS conducts 1-day snorkel survey.  
∞ September 16th 2008 through December 1st, 2008 (depending on bull trout moving down 

into this section of river). USFWS conducts 1-day snorkel survey.  
∞ December, 2008.  Remove field equipment from Walla Walla River. 
∞ March, 2009. Draft results from 2008 season presented to project collaborators. Results 

help determine data collection and analysis for 2009 field season.   
∞ 2009 Field season: To be determined for Washington Study area. 
∞ May 15th, 2010. Final report, presentations and data sharing to project collaborators and 

regional fisheries and salmon recovery conferences.  
 
 
 

                                                 
8   A thesis or dissertation can suffice for model’s final reports, as long as it provides the deliverables outlined in 
this plan.   



Appendix II: Submitted to WWBWC August, 2008 
 

The Fiber Optics Groundwater and Fisheries Study 
 2008 USFWS Fish Sampling Study Plan 

Darren Gallion, Lead Fish Biologist 
 
Background 
The WWBWC, OSU and the USFWS are cooperating on a study to measure ground water 
influence in the WW River using water temperature as the primary metric to indicate the 
presence of groundwater seepage into the stream channel.  The plan is to use fiber optic 
cable for a spatially explicit (every 0.5 m) record of water temperature on various temporal 
scales (e.g. hourly).  The FWS role in this work to provide the salmonid distribution 
information that will be compared to water temperature distribution data. 
 
Study Area 
2.4 km of the WW River in Oregon between Mauer Lane and Bud Bier’s property near the 
OR/WA state line. 
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Study 
Area 
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Question 
Is there a correlation between the distribution (spatial presence/absence) of groundwater 
seepage (cool water temperatures) into the WW River channel and the distribution of 
salmonids? 
 
Objectives 
1)  Deploy the fiber optic cable and other equipment to examine the quality, quantity and 
distribution of the resulting temperature information, and 
 
2)  Determine if there is a correlation between cold-water fish species (e.g. salmonids) and 
the spatial distribution of water temperature. 
 Task 1) Collect fish distribution information 
 Task 2) Collect mesohabitat characteristics 
 
Methods and Data Analysis 
Water Temperature Methods:   
WWBWC and OSU are deploying a fiber optic cable along 2.4 km of the WW River in 
Oregon from July through November to record water temperatures every 6 minutes and 
every 0.5 meters. 
 
Water Temperature Data:  
OSU will summarize water temperature data and provide information to the USFWS for 
comparisons to fish distribution data. 
 
Proposed Fish Sampling and Habitat Sampling Unit:  
There are approximately 25 pools in the study area which will be sampled once during the 
week of August 25-29 and once during the week of September 8-12. 
 
Proposed Fish Sampling and Habitat Sampling Methods:  
Conduct snorkel surveys to count salmonids by species – Chinook, O. mykiss, whitefish and 
bull trout and collect mesohabitat characteristics.  See Protocols – SOP 506.0 
 
Proposed Fish Data and Habitat Data Analysis:  
Use regression analysis to compare either numbers or presence/absence of Chinook, O. 
mykiss, whitefish and bull trout with the mesohabitat variables and water temperature data to 
determine if there is a correlation.  
 
Anticipated Results 
We anticipate there will be a positive correlation between the numbers of salmonids and 
areas with cooler water temperatures (e.g. influenced by ground water/hyporheic water).   
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