
OWEB 
WATERSHED RESTORATION 

GRANT APPLICATION 
Revised 

April 2013 

DWEU's M i~si()n 

To help protL"Ct and reston:: hC-dhhy wat/,.-n;hcds and natural habi tats thaI support thriving communities and strong L'COllomics. 

OWEB applications were updated for the April 2013 cycle. All sections of applications must be completed 
using the April 2013 application forms. Applications submitted using previous forms will not be accepted. 

GENERAL INSTRUCTIONS 

1, Please read the "Instruct ions for Completing Restorati on Grant Applications" before beginning your 
appl ication. 

2. Please use 8'hN x I.'" paper. A double-sided applicat ion and materials are optional except for oversized maps 
and designs or multiple sets fo r reviewers. All materials included wi th the app lication should be single-spaced 
wherever possible, unstapled and unbound. 

3. Complete Sections I, 1I and III. 

4. Complete the required forms and attachments: Section IV, Attachments A, B, C and D 

5. Avoid color, except maps, and detai l that will not photocopy clearly (see below·). 

6. Read and sign the Restoration Grant Appl ication (Section I Certification) . 

• IMPORTANT: Submit one COLOR Project Location map on 8Yl H x I I" paper. This map wi ll be used to track 
project locati ons, and color will provide identify ing features that are not lcgible in black and white. If there are 
map(s), photo(s) or design(s) that you want the reviewers to see in color, supply 25 copies of each. )fmore 
than one map/photo/design is included, assemble and staple as a set; provide 25 sets for distribution to revicwers. 
This is the only exception to the usc of staples. 

SUBMISSION OF GRANT APPLICATIONS 
Grant applications may be submitted to OWEB by hard copy via mai l or del ivery to our Salem office. 

No faxes or e-ma il s will be accepted . 

Oregon Watershed Enhancement Board 
775 Summer Street NE, Suite 360 

Salem OR 97301- 1290 
Phone: (503) 986-0 178 



Section I 

APPLICANT INFORMATION 
Type in the infonnation for Sections I and II. 

Name of project: Mud Creek and West LWW Aquifer Recharge and DistributarylFloodplain Function 

OWEB funds requested: $339,669.00 

PIWJECT LOCATION: 

This project occurs in one region only. Region I 0 Region 2 0 

Total cost of project: $640,737.00 

Region 3 0 Region 4 0 Region 5 0 Region 618] 

This project occurs in nlultiple regions. C hu k a ll that apply. Region 10 Region 20 Region 3D Region 40 Region 50 Region 618] 

This project occurs stntewide I in 1111 regiuns. 0 

This project occurs at (check one): D Site unknown at this time D A single site t8J Multiple sites 

\"atershed Nllm s County or Counties 

Walla Walla Watershed Umatilla 

Township, Ranj!t'. S«tion(s) Longitude. Latitude (e.g .• -123.7119, 45.613) Watershed ~ode(s) Please 1I0t~ th~ lO-digit 
I (e.g.. TIN.R5E, S I2) I (required for rederal/statl' rl'por1i~g) b 'druiD ~ unit eod re"iousl S'· Field HUe 

T6N, R35E, Sections 15,2 1, 22,30; 45.987, -1 18.444; 45.992, -118.423; 1707010209& 1707010211 
T5N, R35E, Section 3 45.973 , -118.430; 45.993 , -118.450; 

45.941 , -1 18.419 

Fisca l Agent Landowner(s) 
Name: Chris Sheets II Public: A!!encv: 
On!anization: Walla Walla Basin Watershed Counc il I IX Pr ivate: Name s : Richard Young 
Address: 8 \0 S. Main Street Sean Roloff 
Milton-Freewater, OR 97862 Don Jackson 
Phone: 541-938-2170 Lee Andrews 
Fax: 541 -938-2 170 Monte Thomas 
Email: chri s.shccts@wwbwc.org 

CERTIFICATION: 

I certify that this application is a true and accurate representation of the proposed work for watershed res.toration and 
that I am authorized to sign as the Applicant or Co-Applicant. By the following signature, the Applicant certifies that 
they are aware of the requirements (see Application Illstructions) of an OWEB grant and are prepared to implement the 
projcct if awarded. 

Applicant Signature: Date: 

Print Name: Steven Patten Title: Senior Environmental Scient ist 

Co~Applicant Signature: Date: 

Print Name: Agency: 
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Section II 

PROJECT INFORMATION 
I. Abstract. Ln approximately 200 words, I) identify the project location, 2) state the watershed issue or problem to 

be addressed, 3) the proposed sol uti on including the area or other measurable units to be treated, 4) any proposed 
effecti veness monitoring, and 5) how OWEB funds wi ll be used. 
This project will occur in the Oregon portion of the Wa lla Walla Watershed. Aquifer recharge wi ll address three 
issues: declining groundwater levels, reduced spring perfonnance and lack of floodplain function. These issues 
have been precipitated by a combinat ion of ditch piping, reduced infilt rmion from irrigation water due to instream 
minimum flows and increased use in the alluvial aquifer to supplement reduced surface water volumes. Aquifer 
recharge helps recover groundwater levels leading to increased spring pcrfommncc and allows water during high 
flows to be slowed down. diverted into the distributary system and recharge the alluvial aqui fe r. Aqu ifer recharge 
also helps simulate lost floodplain and distributary functions. This grant will install a total of 5 aquifer recharge 
sites. The sites will be located in the Litt le Walla Walla River, Mud Creek and Dugger Creek areas (see Figure 1). 
OWES Funding will be used for pre-implementation & project management, site characterizat ion, project designs, 
construction of the recharge sites and construction of monitoring wells. Currentl y the alluvial aquifer is losing 
approximately 8,000-9,000 acre-feet a year. The aquifer recharge program's goal is to replace this vo lume ofwllter 
and start to build a surplus each year to restore spring nows, reduce seepage lose mld increase groundwater returns 
to steelheadlsalmon streams and rivers. 

2. Has this project or any element of this project, eve r been submitted in a previous 
a pplication(s) to OWES? 

If yes, what was the application number(s)? 

3. Is this project, or a ny element of this project, a continuation of a previously funded 
OWES restor ation project(s)? 

If yes, wh81 was the grant number(s)? 203-259, 204-244. 206-934, & 210-6043 

DYes [8l No 

~ Yl'S 0 No 

4. Is this project a result of a previously funded OWED Techni cal Assistance project(s)? ~ Yes 0 No 

If yes, what was the gram number(s)? 203-259 

S. Does this a pplication propose a gr ant for a property in which OWED previously 
invested funds for purchase of fcc title or a conservation easement; or is OWEB 
currently considering an acq uisition grant for this property? 

If yes, what is the grant number(s)? 

6. Is this proj ect related to a proposed or funded Oregon State Weed Board 
gra nt a pplication(s)? 

If yes, list the month and year, or grant application(s) number, and briefly describe how this project 
is related to the Weed Board application or grant. 

D Yes 1:81 No 

o Yes ~ No 

7. Project Partners. Show all amicipated funding sources, and indicate the dollar value for cash or in-kind contributions. Be 
sure 10 provide a dollar value for each funding source. [fthe funding source is providing in-kind contributions. briefl y describe 
the nature of lhe comribulion in the Funding Source Column. Check the appropriate box to denote if the funding stants is 
secured or pending. In the Amount/Value Column. provide a total dollar amount or value for each Fund ing source. 

Funding Source Casb In-Kind Secured Pending 
Name the Partner and what tbeir AmountIValue 

contribution is. 
(xl (xl 
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OWER S339.669 .00 S D 181 5339,669.00 
landowner(s) or OIhcr parlners: Lando .... ller 

5 55,000.00 D 181 S5,OOO.OO Land Lease Value 
BPA - 2013 S65.090.00 S 181 D S65,090.00 
OPA - 20 14 SI 22,035.00 S D 181 5122,035.00 
BPA-20 15 S I 08.943.00 S D 181 SI08.943.00 

5 S 181 D S 
5 S D D s 
S S D D S 
5 S D D S 

S S D D S 
S S D D S 

S S D D s 
Total ": sti mated Funds (add al.1 a mounts in the far-right Column): *S640.737 

• The towl should eq ual the lotal cost of the proJ ecl on page 1 of the applicatIOn. 

8. 1·lave any conditions been placed on other funds that may affect completion? D Ye1; 181 No 

[fyes. ex plain : 

9. Are ~'ou requesting OWE8 funds for Effectiveness Monitoring? ~ V.,. 0 No 

If \ 'OU ('_heck " Yes" . follow the instructions in Question RI7 

10. Are you requesting OWE8 funds for Plant Establishment? o V", ~ No 

If \'ou chNk "'Yes". follow the instructions in Question R 18 
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Section III 
SPECIFIC RESTORATION PROJECT ACTIVITY 

These essay questions and their answers are designed to guide you and reviewers through a logical process of 
understanding and identifying the problem to "fixing" the problem and measuring for success. Refer to the 
Application Instructions for clarification and helpful examples. 

You may use the application fonn to respond to the questions, using additional sheets of paper as necessary OR 
answer the questions on separate pages. Be sure to include the question numbers and text orthe questions before 
you begin typing your answers to ass ist the reviewers in eva luating your application. 

Use 8Y{' x II U paper. A double-sided appiicalion and material s arc optional except for oversize maps and designs or 
multiple sets for reviewers. All materials should be single-spaced wherever possible, unstapled and unbound, except 
for sets o f maps/photos/designs (sec Page I of the application instructions for assembling multi ples for reviewers). 
Use a II -pt type size to answer the questions and a I O-pt type size for the tables. Use bullets where approprime. Use 
bold face and italics for emphasis only. Do not use color highlights for text emphasis or in tables as thc highlight 
turns black when the application is scanned. If the project involves multiple sites, be specific for each. If the question 
is in pans (e.g., "a" and "b"), make sure you answer in parts. Refer to the Application Instructions for clarification 
and helpful examples. 

R I. Contextual Overview 
Provide the location and significance of the project including why that location waS chosen and a brief explanation of 
the history of the issues leading to the project. Describe the project in the context of the landscape including the key 
water qual it y, water quantity, species, habitat, land use and resource management issues (physical or socia l) Ihat arc 
proposed to be addressed in that watershed. See the Application Instructions for cla rification. 

The Walla Walla Basin alluvial aquifer (alluvial aqui fer) is located primarily in the Walla Walla Va lley 
northwest of Milton-Freewater, OR and southeast of Walla Walla, W A. The alluvial aqui fer is highly 
connected with the surface water system. The:; allu vial aquifer stans where two of the major stream systems 
(Walla Walla River and Mill Creek) leave the ir mountain canyons and emerge onto the valley floor. 

Two hundred years ago, the Walla Walla Basin had healthy populations of salmon, stcclhead and bull trout. 
The Walla Walla River flowed from its headwaters in the Blue Mountains into the Walla Walla Valley and 
then spread OUI into a distributary network that del ivered winter and spring flows out across the valley floor. 
This distributary network provided ofT-channel habi tat for fish and other wi ldlife, but also a llowed for a 
sign ificant amount of water to seep into the soil and recharge the valley ' s alluvial aquifer system. The 
al luvial aquifer supplied water Lo the dozens of springs that emerge on the valley 1100r and provided cold 
water returns to the river during summer months, cooling the river and maintaining baseflows. 

Through th e process of agricultural and urban development , the hydrology of the Walla Walla Basin has been 
altered from a system that supported diverse wildlife and plants to a system nearly devoid of salmon, reduced 
populations of steelhead, bull trout and many plant species. By the mid to late I 990s, streams in the Walla 
Walla Basin had dry reaches during portions oflate summer and earl y autumn. the alluvial aqui fer was 
experiencing significant water level decl ines, and two fi sh species (stec1head and bull trout) were listed as 
threatened under the Endangered Species Act. Irrigators, fishery agencies, the Walla Walla Basin Watershed 
Council (WWBWC) and many concerned citizens stepped up to address these problems. One o f the so lutions 
these parties agreed to was the decision to reduce irrigation wi thdrawa ls from the Walla Walla River by 25 
cubic feet per second (efs). This agreement created a wet river from the headwaters to mouth for the first time 
in a number of years, rehydrating (onnerly dry reaches of the Walla Walla Ri ver in the summer. lrrigaLOrs 
gave up portions of their water rights to leave water instream, creating a flowing river from headwaters to 
mouth . 

To help reduced irrigation water go fa rther, irrigat ion efficiency projects were initiated across the va lley. 
Ditches were piped, fi e lds that were flood irrigated were switched to sprinklers and di version structures were 
updated to allow for efficient delivery and transfer of water across the valley. However, leaving water in river 
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only fixed a ponion orthc wa!er problems ~ the alluvia l aquirer issues were not being addressed. The 
decl ining aquirer has caused problems ror the surrace water system throughout the valley. Spring creeks 
across the valley staned to decline and, in some cases, went completely dry. Ovenime, groundwater levels 
have dropped below the lTh'linSlem Walla Wa lla Ri ver in ponions orthe valley ~ causing increased seepage 
loses. This causes a significant amount, sometimes up to hair or more orthe water in the river, to soak inlo 
thc ground. Fixing the wa!er problems in the Walla Walla Basin nceds to address morc than just surface 
watcr lert instream. To address thai point, in 2004, the WWSWC pannered with the Hudson Say Ditch 
Improvemcnt Company (HBOIC) to develop the first alluvial aquirer recharge site in the Walla Walla Valley. 
The purpose of this aquifer recharge was to simulate the processes of the historic distributary network by 
allowing winter and spring river water to be spread out across the valley and recharge the alluvial aquifer. 

R2. Problems to be Addressed 
Provide infonnat ion spcc ific to the projcct: a) The specific problem(s) you arc addressing; and b) the root cause(s) 
of the problem(s). 1)0 NOT describe the project here; you will do so in question #R3. You may add narrati ve 
in addition to the table. 

Specific Problem(s) Root Cause(s) of the Problem 

Declining water levels in the alluvial Declining groundwater levels have been caused by three main changes to the 
aquifer Walla Walla Valley's hydrology: reduction in noodplain func tion. increased 

groundwater pumping and management changes to the distributary system. 1-
Reduction in noodplain functions and processes because of constructed nood 
control devices and development along rivers and streams. A flood control 
levee was built along the Walla Walla River in the early 1950s. This levee 
constrained the river preventing meanders and nood.; that are typical of a 
natural river system. These lost functions have decreased the amount of 
recharge that occurs during winter and spring high now events. The levee 
prevents nood water from access the rivcr's floodplain where water could slow 
down and infiltrate into the ground and rec harge the alluvial aquifer. The levee 
also straightened the river reducing floodplain processes and allowed water to 
rush out of the valley much faster than before the levee was constructed. The 
straightening and confining of the river has increased water velocities leading to 
increased scour and erosion. These higher velocities have down-cut the river 
more than 10 fect in the Tum-a-Lum reach resulting in reduced recharge from 
the mainstem river. 2 ~ Development of groundwater resources has led to 
signifi cant declines in the alluvial aquifer. Irrigation and domestic well usc has 
steadily increased over the last hundred years. Further development of 
groundwater resources occurred after the 2000 agreement to leave 25 cfs of 
irrigation water in the Walla Walla River. Many irrigators drilled supplemental 
wells to suppl y water if their surface water rights did not met their water needs. 
3 - The historical distributary system has been eonverted into the modem day 
irrigation system. Historically winter and spring nows would have spread 
across the Walla Walla River's floodplain and a portion of the flow would be 
distributed into smaller slreams and creeks that meandered across the valley 
noor. This distribulary system provided large amounts of recharge to the 
alluvial aquifer through infiltration and seepage lose. Many of these 
distributary channels where co-opted for irrigation use. Eventually the 
distributary channels were straightened and head gates were installed to man3ge 
how much and when water was diverted from the river. Over the lasl 10- 12 
years, many of these irrigation ditches have been piped to increase deli very 
efficiency reducing important fall, winter and spring recharge to the alluvial 
aquifer. 
The root cause for declining or dry spring nows is groundwater level d(:dines. 

DL'Clining (or dry) spring flows 
Walla Walla Valley springs arc feed from the alluvial aquifer. As the aquifer 
levels decline spring performance declines or stops. See above for the root 
causes of groundwater level declines. 

The rool eause of seepage lose in streams and creeks are groundwater declines 
Seepage lose i.n streams and creeks in the alluvial aqu ifer. As groundwater levels drop, the gradient between the 

surface water and groundwater steepens. increasing rates and areas of seepage 
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lose. See above for the root causes of groundwater level declines. 

The root cause of decreasing groundwatcr quality is reduced volume of new 
water being recharged to the a lluvial aquifer. As less water is recharged to the 
aquifer and groundwater levels decline, concentrations of organic compounds, 
ferti lizers and other potential contaminants will likely increase because of 

Decreases in groundwater and surfaec reduced dilution by recharge water. The root cause of surface water quality 
water quality degradation is reduction in flow from irrigation withdrawals and rcduced spring 

flows and groundwater retUnlS to rivcrs and streams. Springs and groundwater 
returns historically cooled the streams and rivcrs in lhe Walla Walla Valley, 
however with declining groundwater levels springs are not pcrfomling as well 
and groundwatcr returns to streams and rivers has been reduced. 

The TWO root causes of low flow are irrigation withdrawals and seepage lose 

Low flow in rivers. Slreams and creeks 
from rivers and strea ms. Irrigation withdrawals are the main cause for low flow 
conditions in the Walla Walla River. The water that is bypassed by irrigators is 
reduced through seepage lose creating even lower flows in ri vers and streams. 

R3. Project Description 
Using the table below, provide a description of the project that describes the restoration activities to occur (e.g., 
direct flow, remove 36" culvert, construct free spanning bridge, place 12 three log clusters between RM 44 and 52. 
etc.), including a description of the methodologies (e.g., juniper - burning or cutting; trcc release - manual or 
herbicide; etc.) and the equipment planned for use. In addition. describe any Project Management functions! 
acti vities necessary to implement the projcct (e.g., acquire pemlits or landowncr approval: solicit bids, award 
contracts, etc.). The degree of detail should match the project complexity and technical difficulty to allow for full 
eva luation of technical viability. For projects involving multiple sites, be sure to identify and describe them 
separately, as appropriate. This is not the place to describe the benefits of the project. but rather the specific 
elements of t he proposed project. You may add narrative in addition to the table. 

Proj ect Element Proposed Action 

Restoration Activity 

Sun~y Dala Collection and • CollecT deta iled Topographic infonnlliion with ilurvey equipment. I f avai lable usc existing 
map developmelll Lidar data for project location (WWBWC) 

• Generate topographic maps for design concepts and development 
• Develop maps of water deli very and point of diversion 

Hydrogeology CharacterizlIlion • Geology investigation to detennine stratigraphy (c.g. depth to gravel layers or extent of 
gravel layers) 

• Depth to water modeling using groundwater data fo r estimation ofprojcct perfonnance. 
project mounding and downgradient responses 

• Groundwater level changes throughout the year: yearl y highs and lows 
• Approval of Hydrogeology characterization by a license geologistlhydrogeolog ist 

Initial Design Development • Work with licensed engineer to develop initial recharge site designs 
• Establish water delivery pathway 
• Develop water diversion system including screcning or Iil tering if needed 
• Size project for appropriate volume of water as detennined by the hydrogco ana lysis 

Final Design Devclopmem • Revise initial designs to address any concerns by the landowncr, hydrogeologist or proj ect 
lead 

• Create stamped designs 

Construct Recharge Site • Mobilize contractor and equipment to the site 
• Excavate site fo r infillration basin or infiltration gallery as needed 
• Work with landowner to coordinate construction activities to minimize disruptions 
• Install all required monitoring structures (minus wells) to meet requirements or the limited 

license water right 

Drill Monitoring Wells • Locate wells wi th feedback from ODEQ and OWRD to meet limited license and watcr 
quali ty monitoring requirements 

• Work with landowners to obtain casements ror the monitoring wells 
• Solicit bids from drilling contractors 
• Mobilize dri ll rigs and drill monitoring wells 
• Deploy monitoring devices into the mOlli torin~ wells to meet limited license and water 
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quality monitoring requircmcnl». 
Project Mutluj!emetlt Acti,,;t)' 

LundOll"tler Olllreach am/ 0 Contact landowners lor initial conversation of exact placement of recharge si te 
appro,',,/ & Project Cotlcepts 0 Detennine approximate s ize of recharge site 

0 Discuss aqu ifcr recharge design options 
0 Discuss water delivery oplions 
0 Develop and sign landowner agreement that describes responsibili ties and the project 

timeline 

Fiml/i;;e Desigtls with 0 Discuss preliminary designs with landowner 10 detennine any changes nceded 
L(lm/owller 0 Work wilh landowner and engineer to fina lize project designs 
De,'e/op Mmritorillg Phm fi)l· 0 Stan conversation with ODEQ and OWRD on needs for monitoring plan 
project 0 Write draft monitoring plan including source water volume monitoring, groundwater level 

monitoring, source & groundwater water quali ty monitoring and annual reponing. Send 
draft plan to project panners, ODEQ and OWRD for review 

0 Write hydrogeological analysis for each site (working with consultants as needed) 
0 Incorporate comments from partncrs, ODEQ and OWRD into monitoring p lan 
0 Resubmit monitoring plan for revicw 
0 Finalize monitoring plan for recharge site and get stamped by hydrogeologist 

Dew/up Limited License 0 Fill out OWRD application (work with the local water master as needed) 
App/icllliun for IJroject 0 Write hydrogeological analysis for each site (working wilh consultants as needed) 

0 Describe point of diversion and delivery system for each recharge site 
0 Provide supponing documentation as needed 
0 Revise documents as requested by OWRD and get stamped by hydrogcologist 

lX'wlop Operatiotls Plall with 0 Collect and organize existing water use infomlal ion 
Irrigatioll District 0 Work with irrigation district or watennaster to develop watcr delivery operations plan 

0 Ensure operations plan accounts for ex isting water use 10 prevent conflicts 

SolidI bi(ls (111(/ seit..'Ct 0 Create request for bids with fina l designs 
COlli r(lCfOr 0 Send request to at least 3 qualified contractors (unless work is being done by the irrigation 

dislrit:l) 
0 Select contractor based upon bid price and experience 

Superl"i.fe .\'ite con.w/"uction 0 Coordinate construction activities between contractor. landowner and irrigation district 
{Ictivilies 0 Document construction activities 

0 Ensure project is installed according to final designs 

Note: The activities described above apply to each of the five recharge sites proposed in this application. 
Depending upon site location and work done for previous recharge sites, some steps may be skipped because 
tbe information is already available. 

R4. Project Objectives 
What are the proposed project objectives? Provide specific objecti ves based on the location, size and s ignificance 
o f the project and provide informm ion on how the objectives could be evaluated. The measurements should be 
able to be repon(.'ti to documelll successful implementation. See the Application Instructions for the distinction 
between project objectives and achievement of goals. 

Project Element Specific Objectives Measure for EvaluatioD 

Final Proj£.'Ct Designs Create engineered des,igns for each site Design are included in rcpon 

Aquifer Recharge Site Install 5 recharge sites Sites are constructed 
Constructioll 

Operate Recharge .\·itl!S 
Recharge approximately 200-300 acre-fLoct at each of the 5 Mea<;ure water volume delivered to 
sites each site 

Obtain Limite(1 !.icellse Obtain limited license to operate aquifer recharge sites Whether the limited license is issued 
for site OpcrtUiOlls 
Delle/op k loniIOrill8 Measure water volumes, water quality and direction of Measurement of water volume 
Plan recllar 'e water migration delivered to each site. lab analysis of 
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water quali ty samples and 
groundwater level and temperature 
monitoring 

RS. Project Design 

a) Provide a list of qualifications and experience you will require for the proj(:ct designer. If a project design has 
been completed, identify the designer and what qualifications and experience they have. 

The projects will require experience and skills in aquifer recharge, geology. hydrology, hydrogeology 
and water delivery including diversion structures and pipe sizing. 

Steven Pauen, Senior Environmental Sc;ent;!>·" IVW8IVC- Aquifer Recharge Program Lead 
• M.S. in Biology 
• 3 1/2 years o f experience building, operating and monito ring aqu ifer recharge projects in the Walla Walla 

Basin 
• Has supervised the construction of two aquifer recharge sites in Oregon and the expansion of a third s ite 

John Fazio, Registered Engineer, Fazio Engineering - Aqu ifer Recharge s ite designs 
• Registered Engineer in Oregon 
• Created designs for a previous aquifer recharge site in Oregon 
• Experience with water deli very and water infihmtion 

Kevin Lindsey, Senior Hydrogeologi.w. GS! Water Solutions - Hydrogeologist 
• PhD in geology and License Geologist and Hydrogeologist 
• More than 20 years of experience in geology and hydrogeology 
• Has helped develop 8 aquifer recharge projects (some operating and some still in construct ion) 

AddiTiona l Engineers: - Aqu ifer rech:trge site designs 
• Registered engineer in Oregon 
• Previous experience with water delivery and infiltration projccts 

b) Describe the design criteria used or proposed and how those criteria take into considerat ion natural events and 
conditions (e.g., culvert design to tOO-year flood event, wood placement to readj ust with higher than bankfull 
flows, cult ivation to retain at least 75% stubble, 4-strand fence to allow for wildlife passage, etc.). 

Projects will be designed to accommodate excess water del ivery to prevent flooding caused by rapid changes 
in the delivery system (e.g . user stops diverting water from irrigation ditch upstream o f projcct). Projcct will 
be developed within managed systems behind headgatcs that control the amount of water di verted down the 
irrigation system. Sites wilt be designed to be cleaned out for high turbidity events. Infiltration basins wi ll be 
scrapped to break up sediment layers. Infi ltrat ion galleries will be built with flush valves to remove sediments 
that settl e in the pipes. 

R6. Design Alternatives 

Were alternative designs or solut ions considered? (check one) 181 Yes o No 

If yes, explain why the desib'll or approach proposed was chosen. If no , explain why altemmive approaches were 
not explored. 

Multiple Site Designs 

Multiple site concepts will be discussed (infiltration basins, infiltration gallcries or li cld recharge) with the 
landowner. Based upon site constraints, landow ner preference and potential liabi lities (e.g. infil trat ion basin 
flooding without overflow capability) a site design wi lt be chosen. 
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No Action 

Groundwater levels continue to decline prec ipitat ing further reduction in spring flow performance across the 
valley and increased amounts of seepage lose in rivers, streams, springs-crceks and ditches/canals. Seepage 
rates in the mainstcm Walla Walla River may increase leading to reduced river flows in the summer and fa ll 
mo nths (currcnt seepage rates can claim 50% or more o f the river water in cenain reaches of the river). River 
water temperatures could increase from their already high levels during summer and early fall low flow 
mo nths. Piping of irrigation ditches and canals (some of which are old dis tributary channels) will reduce the 
amo unt of recharge to the alluvial aquifcr, worsening c urrent trends. Continued usage of groundwater 
resources will cause additional groundwater decl ines (potentia lly to the point of OWRD creating a cri tical 
groundwater area designation similar to the "Ienni ston area). 

R7. Proposed Project Schedule 
Use the table below to show the anticipated schedule for the project. Add or change the list of project elements to 
fit your project. See the Application Instructions for clarification and an example. 

Project Elements Start Date End Date Description 
Pre- Implementation 

Pennit Applications (Limited January December Work with hydrogeologist, OWRD and ODEQ 
License wld Monitoring Plan) 20 14 20 14 to develop limitcd liccnse application and 

monitoring plan for aquifer recharge sites 
~ect Designs rud water delivery January March 20 15 Work with engineers and hydrogeologist to 

2014 develop recharge des i~ns fo r fi ve sites 
Bid Solicitation March September After designs are completed for each project. 

2014 20 15 bids will be solicited for site construction 
ContrdCting March September Contractor will be selected for construction of 

2014 20 15 eaeh site 
Implementation 

Constnk.."tion June 2014 November Five aquifer recharge sites will be constructed 
20 15 

Projccth~ June 2014 November Projects will be inspected to verify designs 
20 15 were followed. 

Post-lmDlementaiton 
Project Maintenance June/July Indefinite or Projects will be maintained as long as the site 

20 14 until limited holds a limited license 
license ends 

Project RCJX)Iting February Project Annual repons will be created for OWRD and 
2015 Completion OWEB to track projCCL'l (including water 

volumes delivered and monitoring activities) 

Project Completeo 
December Five aquifer recharge sites constructed and 
20 15 final rcpon written 

R8. Salmon/Steelhead Populations Targeted and Expected Benefits to Salmon/Stcclhead 
The info mmt ion provided will be used by OWES to bener meet federal and state reponing requirements. 
Completion o f this section is required but will not be used to evaluate this application fo r funding. 

o r ll is Prolcct t!' NOT specifically designed to benefi t sa lmon o r stcelhead. 

... If YOU check thi s box. STOP here and CO TO Questio n R9. 
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~~~~~~~~.;~s~e~l ~ect one or more of the salmon ESUs (Evolutionary Significant Uni t) 
or is that the project will address/benefit. For sp(''Cies where the 
ESU/DPS name is nOI known or detennined, use the species name with unidentified ESU (c.g., Chinook salmon ­
unidentified ESU). Additional infonnation on the designation and location of the salmon/steelhead populations 
can be found at http ://www.nwr,noaa.govIESA-Salmon-Li st ingsJSalmon-PopulalionsiMapsllndex.cfm. 

Ii, 

Expected Benefits: Write a brief descript ion of the goals and purpose ofthe project and how it is expected to benefi t 
salmonlsteelhead or salmonlsteelhead habitat. This answer should be no longer than 2000 characters, which is 
approximately 330 words . See Application Instr uctions for examples and ideas on how to ca lculate the number 
of words o r char acters in your a nswer. 

The primary goal of the Aquifer Recharge Program is to recover groundwater levels in the alluvial aquifer that is 
highly connected to the surface water system throughout the valley. Recovering groundwater levels will reduce 
seepage lose in and increase groundwater returns to steclhead and salmon ri vers and streams creating increased 
instream flows for fish. Increased groundwater levels will increase groundwater retums 10 rivers and streams 
which will increase flows as well as provide cool clean water to reduce water temperatures. Groundwater also 
feeds springs that provide important off-channel habitat for rearing and migrat ing fish. Recovering b'foundwater 
levels wi ll also potentially provide a sustainable water resource than can be utilized in place of diverting as much 
river water. Aq uifer recharge can be used to simulate losl floodplain functiona lity within the levee reach of the 
river helping to ereate a more functional hydrologic cycle in the Walla Walla Watershed. Allow ing water to be 
distributed and spread across the valley will simulate how the historic distributary system would provide recharge 
10 the all uvial aqui fer through channel and floodplain infiltration. This system slowed water down and letting it 
infiltrate into the aquifer and then, later in the year, reemerge as either spring flow or groundwater returns to the 
rivers and streams. Currently, it is estimated that the alluvia l aquifer is declining by approximately 8·9 ,000 acre­
feet each year. If this trend continues, seepage loses seen in many of the valley's rivers and streams call be 
expected to continue or worsen and spri ng flow perfonnance can be expected to cont inue to decline. Aquifer 
recharge can help restore natura l processes and start to reduce the water deficient in the alluvial aquifer and 
eventually stan to create a surplus of water going into the alluvial aquifer each year. Unless the a1iuvial aquifer is 
restored, the highly connected surface water system will cont inue to lose large amounts of water to the aquifer. 
Aquifer recharge is a key component in improving water resources in the Walla Walla Watershed. 

R9. Project Relationship to Regional Priorities 
If the project specifically implements a plan or larger conservation effon, idcntify the effort and the specific role 
of this project. Explain whether the project implements a regional plan (e.g., ESA Recovery Plan. Coastal Coho 
Assessment, NWPCC Subbasin Plan, Groundwater Management Area) . Spec ifica lly identify the rclationshjp 
between the proposed project and the OWEB Basin Priori t ies. Priorities can be found on the OWEB website al: 
www.oregon.gov/OWEB/restoration priorities.shtml. (Sec the Application Instructions for helpful links to 
various regiona l plans.) 
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NOTE: t he OWEB basin priorities link for the Walla Walla Basin is broken. 

One of the major regional priorities is to reestablish instream flows and to restore a natural bydrograph. Sec the 
bullets below for where aquifer recharge is mentioned in regional and basin plans. As explained above and below, 
surface nows cannot be " fi xed" unt il the highly connected a lluvial aquifer system is also fixed. 

Walla Walla Subbasin Plan - May 2004. 
• Strategy MC7.1.9 - '''Evaluate and implement shallow aquifer recharge programs, where 

appropriate" to increase summer flows. (page 160) 
• Development of off-stream water resources including "shallow aquifer recharge" (page 171 ) 
• Spring SourcelDistributary System - "develop .. . shallow aqui fer recharge .. . and pursue projects 

that mcasurnbly enhance flow to the Little Walla Walla system" (Page 178) 

ODFW Mid-Columbia Steelhead Recovery Plan - 2008 
• Use shallow aquifer recharge as an Action item to restore natural hydrograph function (Page 9-

173) 

U flle Walla Walla Assessment and Initia! Action Plan - WWBWC 2010 
• Shall ow aquifer recharge is li sted as a recommended action 

lValla Walla Basin Aquifer Recharge Strategic Plan - WWBWC 20 13 
• Describes ex isting aquifer recharge projects, future proj ects and describes goals, objectives and 

actions for the aquifer recharge program. 
• Ava ilable at: http ://wwbwc.orglimagcslpdflReports/RechargeStrategy FINA L 1-29-

13 sp.pdf 

RIO. List each component or activity ofthc project that rcquircs a pcrmit(s) and/or liccnsc(s) from a 
local, state or fcderal agency or govcrning body_ 

Usc the table provided to list thc activities and pennit(s)f1icense(s) including the entity issuing the 
penni t(s)/licensc(s). Every project will vary in the number and types of penn its and licenses needed. In Column I 
and in separate rows. list the project activities requiri ng a pennit or license. In Column 2, provide thc name of the 
pennit or liccnse. In Column 3, provide the name of the entity issuing the penni t or license. See Application 
Instructions pages 10-12 fOI" clarification and examples before completing the table. 

Project Activity Requiring a Pl'rmit or Lice nse Na me Entity Issuing PCI"mit or License 
Permit/License 
AQuifer Rcchar~e Operations Limited License (waler right) OWRD 
Aquifer Recharge Water Qual ity Water Quality Monitoring Plan ODEQ 
and Quantity Monitoring (a requirement for the Limited 

License) 
Infi ltration Gallery Operations Underground Injection Control 

I oennit 
ODEQ 

R II . Project Relationship to Watershed Processes and Functions 
The restoration and protection of natural watershed process is the foundation of achieving watershed health. Since 
natura l watershed processes have been eliminated, a ltered o r reduced in many areas, habitat restoration activities are 
thc primary method for reintroducing the necessary funct ions to watersheds that have been altered due to past 
management practices and/or disturbance events. Restoration activities are intended to address the watershed 
functions necessary to suppon natural processes that are indi cative of healthy watersheds. This includes, but is not 
limited to improving water quality, water quantity, habitat complex ity, flood plain interaction, vegetation structure, 
and species d iversity. 
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OWEB wants 10 be able to track how restoration projects arc addressing watershed process and function. Please check 
all the boxes below that apply to your restoration projcct. You may add narrative in addition to chccking the boxes. 

Project Element N.rrative 

0 Stream complexity 

0 Riparian vegetation structure 

0 Species diversity 

0 Vegetative ground cover 

t8l Floodplain connecfivity The Walla Walla Ri ver has been disconnectcd from its floodplain through lhc 
construction of flood control levees and development along rivers and streams. The 
aquifer recharge program simulates floodplain processes such as recharge to the alluvial 
and distributary channel activation that cannot occur because of the lcvees. These 
proccsses help restore spring flows and groundwater retuOlS to the river. 

0 Species migration patterns 

0 Sediment transport 

0 Nutrient cycling 

t8l Water quality Aquifer recharge projects help improve surface water and groundwater quality. A large 
volume of clean, fresh water is recharged to the alluvial aquifer each recharge season. 
This recharge water typical ly has better water quality then what is found in the 
groundwater. Additionally, as the recharge water migrates through the sedi ments thcre is 
additional cleaning and breakdown of contaminants further improving water quali ty. 
Surface water quality is improved through groundwater inputs to the river or to springs 
which leads to reduced temperatures and increased flow. 

t8l Water quantity Aquifer recharge projects help improve water quanlity in both Ihe alluvial aquifer and the 
surface water system. Groundwater levels arc improved through storage building from 
one recharge season to the next. The surface water system has increased flows because 
of groundwater returns directly to the rivers and streams or through spring discharge. 

t8l Water storage Approximately 400,000 to 500,000 acre-feet of water P3SS through the Walla Wal.l" 
Basin each year. Approximately 1/3 of this water would be needed to satisry plant 
demand (crops and riparian). However. most of the demand occurs during the summer 
and fall when surface water supplies are low. Aquifer recharge takes water during winter 
and spring high flows and puts it into the ground to slow the water down and keep it in 
the basin. Later, this water can either emerge as spring flow, retum to the river through 
groundwater returns or be utilized through well pumping to reduce surface water 
demand. The alluvial aqui fe r is basically a large underground reservoir that can be used 
to store water during time of plentiful water and be utilized during periods o f waler 
scarcity. 

t8l Hydrologic cycle The historic hydrologic cycle in the valley included large amounts of recharge to the 
alluvial aquifer during winter and spring high flows that were distributed across the 
valley floor. As water spreads out through the distributary system a portion of it would 
infiltrate into the alluvial aquifer. This cycle has been broken through the development 
of flood control levees and headgates on diversions. The distributary system has been 
co-opted for irrigation use and is now managed for inigation demands primarily during 
the summer and fa ll. Aquifer recharge helps simulate the historic hydrologic cycle and 
processes of floodplain function. distributary activation and storage of water during the 
winter and spring that would then reemerge during the summer and fa ll. Aquifer 
recharge helps to reestablish a more natural hydrologic cycle. 

t8l Other (pl ease describe) Distributary Activation - Historically when the Walla Walla River and its tributaries 
would flood large amounts of water would spread across the gravel ly soil and infiltrate 
the alluvial aquifer. Flood control levees and head gates now prevent this natural process 
from occuning. Aquifer recharge can simulate this process by reactivating many of the 
historic distributary channels (now irrigation ditches) that serve as the delivery system 
for recharge sites. 
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R 12. Other Rclatcd Conservation Actions 

a) Explain how the project complements other efforts under way or completed in the watershed. Identify other 
restorat ion, technical assistance. monitoring, assessment or outreach projects, conservation actions and 
ecological protection efforts in the watershed and explain how this project relates to those actions. 

This project proposes to install 5 aquifer recharge sites to help restore the alluvial aquifer. Aquifer recharge 
sites are located in areas to help mitigate for ditch piping which has reduced recharge to the alluvial aquifer. 
In total , over 18 miles of ditches/canals helVe been piped in the Oregon side of the basin. This piping has 
al lowed irrigators to maintain their crops and leClvc 25 cfs in the Walla Walla River year*round. However, 
these projects also have reduced the amount of water recharged to the alluvial aquifer. The aquifer recharge 
program also contributes water to mitigate for lost seepage from ditches and to simulate floodplain functions. 

b) If the project is a continuation of previously completed activities, describe the results of the previous project(s) 
and identify what you have learned from the implementation of similar project(s). 

For Cl complete overview of the Aquifer Recharge Program, please see the Walla Walla Basin Aquifer 
Recharge Strategic Plan (http://wwbwc.orglirnages/pdflReportslRechargeStrategy FINAL 1-29* 
13 sp.pdO. The overall goal of the aquifer recharge program is to restore groundwater levels to 
improve surface flows through increased groundwater inputs, reduced seepage loses and improved 
spring perfonnance. The aquifer is losing 8,000*9,000 acre-feet each year. With the existing sites 
and what is proposed in this grant application (a total of 12 sites) the aquifer recharge program will 
be able to recharge approximately 35 cfs. This will equate to 7,000-9,000 acre-feet per year 
depending upon operational and weather related shut down periods. That puts the program closer to 
meeting the goal of recovering and restoring the aquifer. As the program moves forward additional 
sites will be constructed in other key areas (see Figure 2) to increase the amount of recharge each 
year. According to the strategic plan, approximately 80 cfs of aquifer recharge is needed in the 
Oregon portion of the basin to overcome and start rebuilding aquifer levels. 

This grant proposal is a key component of the Walla Walla Basin Aquifer Recharge Program. This 
program was started in 2002 with technical assistance funding from OWER OWEB has continued to 
fund aquifer recharge projects (see below). This particular b'Tant focuses on two significant 
components of the Walla Walla Basin Aquifer Strategic Plan: distributary activation and aquifer 
recharge for spring. fed tributaries that have steelhead and salmon. First, how these particular sites 
address distributary activation and recharge for spring. fed tributaries. The sites chosen for this grant 
appl ication were located in areas to specifically address these issues. The sites were located on 
spring-fed tributaries (West Little Walla Walla Ri ver, Mud Creek and Dugger Creek). In order to get 
water to these particular sites, the historic distributary channels of the West Little Walla Walla River 
Clnd Mud Creek wi ll need to be activated during winter months. Therefore, these projects are creating 
two benefits : direct aquifer recharge at the project site and "passive" recharge (i.e. infiltration through 
the channel bed) down the entire length of the distributary channels from the diversion to the site. 
These sites arc also located near the spring that feed both Mud Creek and the West Little Walla Walla 
River - both of which are utilized by steel head. Both systems also experience low flows and high 
temperatures during parts of the year. Increasing recharge near the springs for these systems will 
help increase spring flow perfonnance and provide better habitat (through increase flow and reduced 
water temperatures) for steel head and other fish that utilize these systems. 

The Walla Walla Basin Aquifer Rechargc Program has been active since 2004. The program staned with a 
single aq uifer recharge site (the Hulette Johnson site fonnerly known as the HBDle site) . That site has been 
expanded to increase the amount of water recharged each season. The current aquifer recharge grant from 
OWEB (210·6043·7938) helped pay for some of thc expansion as well as 6 additional sites. Two of these sites 
have been constructed and two more arc designed and awaiting construction. TIle final two si tes are being 
designcd and will be constructed later thi s year. 
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The Hulette Johnson aquifer recharge site recharges approximately 4,000 acre-fecI of water from November­
May 151h

• This site has operated for 9 recharge seasons. This site has been extremely useful in learning about 
maximizing aquifer recharge in the Walla Walla basin. We have done cost-benefit analysis on four difTerent 
in lilumion gallery designs, constructed multiple di fferent infiltration basin designs to test efficiency and 
collected data to analysis and improve future aquifer recharge sites. One very important thing we leanled from 
the Hulette Johnson site was we need aquifer recharge sites spaced across the va lley to improve aquifer 
conditions. The Hulette Johnson si te only has a regional influence and is affected by the surrounding geology. 
Thus, bui lding two or three large aquifer recharge siles wil l nOI create the aquifer-wide improvement needed to 
achieve the goals o f the program. The program is not building aqui fer recharge sites to target specific areas 
and approximatc the amount of water needed in each area to improve groundwater conditions. 

The aquifer recharge program has also collected water qual ity data over the last 9 seasons. Thc WWBWC 
worked with Kevin Lindsey, a license hydrogeologist with GSI Water Solut ions, \0 analysis this data to see if 
aquifer recharge was impacted groundwater quali ty, either positively or negati vely. Below is an excerpt from 
the GSI report: 

Revie w o/Ihe groundwater quality moniloring data co/lecled to-dale al tile three active AR siles. 
Hulette Johnson, Locher Road, and Stiller Pond alld al the inactive Hall-Wentland site we 
conclude that while AR operations conducted in the Walla Walla Basin does injluence local 
grollndwaler quality. this influence should not be constnled as degradation. Based on the data 
reviewed here the basic changes seen include the /ollowing: 

• With respect to nutrient type constitllents. including nitrate-No TKN (Total KjeldahJ 
Nitrogen), phosphme. and ortho-pllOsphate 'he grollndwater changes we see generally 
show down gradient declines in cOlIstiflleflI cOllcellIrations. which we imerprellO rejlect 
dilll/ion a/groundwater ,:oncenrrations by AR (aquifer recharge) water. 

• Other parameters, such as TDS (total dissolved soUdes). chloride, and £C (electrical 
conductivity) also commonly show evidence 0/ down gradient reduclions through A R 
sites thm we again interpret as evidel1ce 0/ dillltion o/these /xlrameters in groul/dwater 
by AR \\later. 

• The SOC (.~ynthetic organic compounds) daw available/o/'Ihese sites is interpreted to 
show that AR operations have essentially no injluence on SOC 's presel1l in grollndwater. 
Based on what we reviewed SOC delectiom are !'poradic, IIOt 1>y.\'temalic. and at very 10111 

concentrations. Wilh that observation. we interpret theJew detections 10 result/rom 
background conditions reflective 0/ activities other thall AR operations. 

• In addition to [/lese observations. fhe Hall-Wenlland data is instmctive as it shows the 
imporlance o/naturalleakage/rom slIiface waters (which Iypical/y are the same warers 
these AR sites use/or .\'Ollrce water) injluencing local groundwater chemistry. 

The water quality data collected over several AR seasons/rom/our "ifJerem sites are il1lerpreted to have 
1I0t resulted in aI/uvial aquifer w(I(er quality degradation. Field parame(er~' and major ion hydrochemical 
trend.\' seen in monitoring wel1 data commonly show reduced cOllcentratiol/s, inC/ieafing dilution 0/ 
groundwater concelllralions by AR operafiolls. Ajew anomalies did occur in these trent/s. but low source 
water concentrations versus high monitoring well cancelliratiallS strongly sllggestthm AR operations 
were 110t fhe cause o/these anomalies. There were 110 significllnt SOC detections/rom (lny site. O/the 
SOC detections seen ill the data selS, SOC c:oncemraf;olls are low enough to be considered backgroulld 
level.~ and/or these detections were instances 0/ localized transiellf imrQ(/llctioll 10 fhe water table/rom an 
IIlIaltered ground sur/ace AR site 6pecijica/ly HW), 

R13. Project Inspection 
Identify who will inspect and sign off on the completed project. 

Name of Per.nm & Telephone EmulJ Address Project Element In~pe(:ted 
Agency/OrganiZAtion Number 

Stew!II Pallen ~ Walla Walla 541-938-1170 str,wm.egllen@wwbwc.org Aquifer Recharge Site COllstruction 
Basin Watershed Council si$!ll off, submit )/'0 "eel cum 'J/elion 
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reports lind post~implementation 
reports 

KC\'in L!ntlsey - GS/ Water 509·735·7135 KLintl.~·el!.@~gsiw!i· . eom Monitoring Well Drilling & 
Sollil ions (hydrogeology 
cOII'~'ultall ;) 

Construe/ion 

Jen WOOlly - OWRD 503·986·0855 jennifer. l. womiv({j)stale. or. us Limi/ed License 

Phil Richerson - ODEQ 54/ ·}78·4604 Richerson . Ph iI(W,de(, .slate. or. us Waler QualilY Moni/oring Plan 

R14. Outreach 

If your project proposal includes outreach activities (e.g., a site tour for local eiti7..ens, landowner meetings, 
infonnm iona l materials), please describe the proposed activities and products and why they are necessary for the 
overall success of the restoration proposal. See t be Application Instructions for clarification of eligible outreach 
costs. Regional review teams will eva luate the appropriateness of proposed outreach activities with respect to their 
necessity for success of the restoration project, budget , and other factors . 

This gra nt does not request any funding for outreach; however the WWBWC does prefonn outreach acti vities 
regarding the aquifer recharge program. Updates are given to the City of Milton·Freewater City Counci l 
approx imately once a quaner and aquifer recharge updates are included in the quanerl y WWBWC newsletter. 

R I S. Project Maintenance and Reporting 
Use the table below to document how the project will be maintained over time. State who will maintain the project. 
Identify their affiliation and provide contact infonnation. In addi tion, please ind icate who wi ll conduct Post· 
Implementation Status Reporting fo llowing project completion. 

Name of Per!iOn & Telephone Numher 
What will be done and for how long? 

Agency/Organization and Addresses Email Address 
Steven Pallen 541-938·2 170 0 Maintenance, irnccessary, may include flushing 
Walla Walla Basin Watershed Council steven .~atten@wwbwc.om sediment rrom infiltration galleries or scraping 
8 10 S. Main Street infil tration basins. NOIc: Maintenance will be 
Miltoll·Freewater. OR 97862 conducted with Hudson Bay District 

Improvement Company. Projects will be 
monitoring (see eflcctiveness monitoring grant) 
approximately once a week during recharge 
operations and surrounding surface and 
groundwater sites approximately every month. 

0 Wi ll conduct post· implementation reporting and 
reportin~ to OWRD for the limited license. 

Ali(1 rows a.~· needed 

R16. Budget Development 
There arc a number of assumptions used to develop any budget. This does not mean you must provide a line by linc 
description of costs. Usc thi s response to provide a clear understanding of what the budget estimate was based on. 

a) Explain how costs were detennined for the budget elements. Describe if contractor conversations, past projects or 
other cost fibJUre5 were used for each major element of the budget. This is pan icularly imponant for lump sum 
clements in the budget. For project management costs describe the time and act ivit ies that would be involved. 

Past and current project costs were ut ilized to dett .. nnine budgets for aquifer recharge sites. Aquifer recharge sites 
vary in cost, but the number presented in this budget represents an average cost accounting for small infl ation of 
prices (e.g. pipe costs). The values above are based upon the three completed and two design aquifer recharge 
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projects the WWBWC have worked on. Other budget numbers, such as GS I Water Solutions, were determined 
from previous projects and estimates current work. 

Project management costs and in-house personnel costs include a large variety of tasks. 
Pre- Implementation: This wi ll include working with landowners to finalize exact project locations and discuss 
avai lable sile designs. Design concepts will be developed and given to the engi neer 10 create project designs. 
Discussions with the landowner will include their future plans for the project, ways to del iver water to the recbarge 
site, existi ng infrastructure and any additional infonnation that wi ll affect tbe project. 

Project Management This will include development of the Limited License application(s). Our current limiled 
license look approximately 9 months to work through w ith OWRD and ODEQ. Thi s process involves developing 
a water quality and water quanti ty monitori ng plan for each site including which water quality parameters need to 
be tested and on what schedule. Often, there are 2-3 draft versions of the water quality monitoring plan before a 
fmal version is accepted by ODEQ. Additionally, OWRD requires mapping, hydrogeology characterization, water 
deli very system and point of di version for each site. The document to sati sfy ODEQ and OWRD requiremcnts 
ended up totaling over 530 pages. Projcct management will also be ut ilized to sol icit and award bid contracts for 
construction of each of the sites and oversee site construction. 
In-House Personnel : This will include time for WWBWC statTto co llect required data (including conducting 
surveys fo r site designs, mapping for ODEQ & OWRD requirements, hydrogeology analysis, etc.). This will a lso 
include time for staff to coordinate with landowners and 10 get documents signed (such as casements for 
monitoring wells). In-house personnel will develop initial designs from landowner input and work with the project 
engineer to create the designs . This time will be ut ilized working with the engineer(s) and consultants in designing 
the projects to ensure projects are properly sized for water input , properly des igned to cnsure safe waler delivery 
(to prevent nooding) and to ensure the project design accounts for the hyd rogeology of the location. 

b) If there are any unusual cost factors, explain them. For example, if the fencing costs are unusually high because of 
Sleep, rocky terrain and unroaded access, this is the place \0 explain thc cost elements on the budgct page. 

• R17. Effectiveness Monitoring. If you plan to conduct Effectiveness Monitoring beyond post-implementation 
status reporting and you are requesting more than $3,500 in OWEB funds to support these EM activities, complete 
the R 17 Effectiveness Monitoring Application Insert, print it out and add after Question R 16. See the R 17 
Effectiveness Monitoring Insert Instructions for clarification. 

• RIS. Planting Activities. If you are proposing a Riparian, Upland or Wetland Planting activities and you are 
requesting more than $3,500 in OWEB funds for planting activities and/or for post-planting activities that are 
necessary for long-term survival of the plantings, you!!!!!! complete the R 18 Planting Activities Insert, print it oul 
and add after Question R 17 or R 18 as appropriate. Please see the defini tion of "plant establishment activities" in 
RI B. If you are asking for $3,500 or less, you may answer the questions if you would like the reviewers to have 
additional infonnation on the planting component of the project. See the RI 8 Planting Activities Appl ication insert 
Instructions for clari fication. 
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OWEB 
EFFECTIVENESS MONITORING INSERT 

(Question R17 
in the Watershed Restoration Grant Application) 

Revised 
April 2013 

OWES's Mi!>sioll 
To help protect and restore healthy watersheds and natural habitats lhal suppon thriving communi ties and strong economics. 

OWEB applications were updated for the April 2013 cycle. All sections of applications must be completed 
using the April 2013 application forms. Applications submitted using previous forms will not be accepted. 

Respond to Question R 17 if: 

• You plan to conduct Effectiveness Monitori ng beyond post-implementat ion status reponing AN D 

• You are requesting more than $3.500 in OWES funds to support Effectiveness MOlli lurillg <lclivilies. 

I. Please read the " Instructions for Effecti veness Monitoring Insert" before beginning your application. 

2. Please use 8'hH x t I '"' paper. A double-sided application and materials are optional except for oversized maps and 
designs or mult iple sets for reviewers. All materials included with the application should be single-spaced 
wherever possible, unstapled and unbound . 

3. Avoid color, except maps, and detail that will not photocopy clearly. 

4. Complete Sections I, II, and III and insert after Question R 16 in the Watershed Restoration Grant Application. 

SUBMISSION OF GRANT APPLICA nONS 
Grant appl ications may be submitted to OWEB by hard copy via mail or delivery to our Salem office. 

No faxes or e-mails will be accepted . 

O regon Watershed Enhancement Board 
775 Summer Street NE, Suite 360 

Salem OR 97301 · 1290 
Phone: (503) 986-0 178 



Section I 

EFFECTIVENESS MONITORING PROJECT INFORMATION 
Complete questions 1 - 5 

I . Is this project a part of a comprehensive monitoring strategy/program? 

ISJ Yes D No 

If yes, provide the name of the comprehensive monitoring strategy/program. If this project is not pan of a comprehensive 
monitoring strategy/program, enter NONE below. 

WWBWC, 2013, Walla Walla BClsin Aquifer Recharge Strategic Plan, Walla Walla Basin Watershed Council 
(http://wwbwc.orglimageslpdflReportsIRechargeStrategy _FINAL _ 1-29- 1 3_ sp. pdf) 

WWBWC, 201 3, WWBWC Watershed Monitoring Program Standard Operating Procedures, Apri120 13, Walla Walla 
Basin Watershed Council (http: //www,wwbwc,org/images/pdflWWBWC_QAPP.pdQ 

Name of document (Author, date, tit le, source, source address in Endnote citation format) 

2. Are other organizations coo perating with this monito ring project by concurrently conducting field work o n 
other components of a Comprehensive Monitoring Strategy or Program'! 

ISJ Yes D No 
If yes, identify the number of organi7.ations and list their names: 

~ # cooperators 

C oo perating Organization Na mes 

OWRD - G roundwater level mo nitoring data collection 

Hudson Bay District Improvement Company. Wate r de livery monitoring 

3, Report the total stream miles and/or acres that will be monitored under this application. If monitoring the same 
location or strc.:1m reach multip le times, do not su m the area or length metrics fo r each monitoring event. For example 
if the project monitors a l3-mile stream reach twice per year for 3 years, report the metric only as 13 stream mi les. If 
there is more than one type of monitoring and the locations monitored will overlap, report the tota l miles and/or acres 
for all types (i.c., do not double count areas of overlap). 

-20 mi les Total slremn miles LO be monitored or assessed 

- 11 ,000 acres of the a lluvia l ag uife r Total acres 10 be monitored or assessed 

4. Identify the parameters that will be mea sured. C heck a ll that apply. 
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0 Adult fi sh prescncelabscncelabundanceldistribulion survey(s) 0 Riparian vegetatio n 

0 Juvenil e fish prescncelabsencelabundanceldistribution survcy(s) 0 Spawning surveys 

0 Instrcam habitat surveys 0 Upland vegetation 

0 Macroinvertebratcs I8l WaleT quality 

0 Noxious weeds I8l Water quantity 

0 Othcr Biological Monitoring (bird counL<;, amphibian surveys) I8l Other (explain): 

4.a) If you checked Water Quality above, exactly which parameters will you be monitoring'! Check all that apply. 

Bacteria 15<1 pH I8J T emperatu(C 

Dissolved oxygen .. 181 Pcsticides Xl Toxies 

Nitrates 1:8:1 Phosphorus $J Turbidity 

o Heavy meta ls (name); 1C8l Nutrients (name): Sulfate, TKN, Qnho(!hosQhatc 

115<1 Othcr (exolain : Electrical Conductivity. TOC metals 

4.b) If you checked Riparian or Upland Vegetation above, exactly which parameters will you be monitoring'! 
Check all that apply. 

o Canopy cover I 0 Invasive species presencclabsence I D Plant survival 

D Percen t cover 

5. What is the format in which the data will be stored'! C heck all that apply. 

181 Spreadsheet J 181 Database I t8l GIS layers 

[81 Other (explain): Data will be exported into spreadsheets for public 
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Section II 

EFFECTIVENESS MONITORING ACTIVITY IN FORMA TlON 

These essay questions and their answers are designed to step you and reviewers through a logical process 
from understand ing and identifying the problem to measuring for success, Refer to the Instructions for 
clarification and helpful examples. 

You may use the application Conn to respond lO the questions, using additional sheets of paper as necessary 
OR answer the questions on separate pages. Be sure to include the question numbers and text of the questions before 
you begin typing your answers to assist the reviewers in evaluating your application. 

Usc 8W' x 11" paper. A double-sided application and materials are optional except for oversize maps and desib'llS or 
mult iple sets for reviewers. All materials should be single-spaced wherever possible, unstapled and unbound , 
except for sets of maps/photos/designs (see page 2 of tile EtTcctivencss Monitoring Instructions for assembl ing 
multiple sets for reviewers). Use an I I-pt type size to answer the questions and a IO-pt type size for the tables. Usc 
bullets where appropriate. Do nOI use color high lights for text emphasis or in tables as the highlighltums black when 
the application is scanned. Instead, usc bold face and italics for emphasis only. If the project involves multiple 
sites, be specific for each. If the question is in parts (e.g., "a" and "b"). make sure you answer is in pans. 

EM) What are the project 's Effectiveness Monitoring objectives? The Effectiveness Monitoring activitics must 
be direct ly related to your proposed restoration project. Tie the Effectiveness Monitoring objectives 10 the 
watershed restorat ion project objectives. Provide a specific hypothesis or monitoring question. 

There are two primary monitoring objectives in the Walla Walla Basin Aquifer Recharge Program. 1) On-site 
recharge operat ions moni toring to document and collect data required by the Limited License permit (water 
quantity and water qua lity), 2) Up-gradient and dow II-gradient surface watcr and groundwater mOlllloring to track 
groundwater and surface water changes due to aquifer recharge operations. This data is also required by the 
Limited License permit. These data will help infonn whether program objectives are being met - to stabil ize and 
restore the alluvial aqu ifer leadi ng to increased groundwater inputs to the surface water system and reduce surface 
water lose from secpage. 

EM2 What arc you proposing to do? Supply sufficient detai l to match the Effectiveness Monitoring component 's 
complex.ity and technical difficulty so that its technical viability can be evaluated. 

I - On-site r echa.-ge operations monitoring 
A - Surface water monitoring 
This will incl ude either a totalizing/rate flow meter and/or an intake structure measured wi th a stilling 
well and rated weir structure. Instrumentation for an intake structure will be a pressure transducer in the 
sti lling well (likely to be a Solinst or Campbell Scientific). If needed additiona l manual measurement s 
will be taken to ensure data accuracy at intakes. This infonnation will be collected, ana lyzed and 
convened by WWBWC staff to flow and 10lal recharge volume. This infomlalion wi ll be submitted as 
pan ofthc limited license permit annual report to OWRD/ODEQ. 

B - G roundwater monitoring 
Recharge sites may have on-site monitoring wells. Monitoring wells can be one of two types: I - drilled 
monitoring wells (dedicated monitoring wells) or 2 - shallow piezometer e ither pounded in or excavated . 
Each groundwater site will be monitored with a pressure transducer (l ikely to be a Solinst for Campbell 
Scientific). Manual water level measurements will be taken approximately once a month to ensure 
pressure transducer data accuracy. This infonnation will be collected, analyzed and converted by 
WWBWC stafTto depth to water below ground surface and water level in feet above sea level. This 
information will be submitted as pan of the limited license pennit annual repon to OWRD/ODEQ. 
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C - Groundwater and Surface Water Quality Monitoring 
ODEQ has approved water quality monitoring plans for aquifer recharge project since 2004. Currently, 
thc monitoring plan requires water qual ity sampling on a program level rather than a site specific level. 
This helps to reduce costs and allows the aquifer recharge sites to cont inue operating after initial fund ing 
is gone. Currently, the water quality monitori ng plan stipulates that 6 groundwater wells and 3 surface 
water locations be sampled before recharge operations start fo r the season (typically late October or early 
November) and again just after recharge operations stop for the season (typically May 15 th

) . The 
WWBWC works with Walla Walla Regiona l Water Testing Services (working with Edge laboratory) to 
conduct laboratory sampling fo r the water qu.'llity monitori ng plan. See Attachment A for the Water 
Qua lity Monitoring Plan. As the aquifer recharge program grows, additional groundwater and surface 
water si tes wi lllikcly be added to ensure water qua lity is not being degraded. 

2 - Up-gradient and down-gradient surface water and groundwater monitoring 
Up-grad ient and down-gradient monitoring is a required portion of the limited license for the aquifer 
recharge sit es . Up-gradient monitoring provides the " input" to the system, with both surface water and 
grou ndwater. Down-gradient monitoring provides the "impact" to the system. Changes betwccn up­
gradient and down-gradient sites help define how aquifer recharge benefits are helping the system (i .e. 
improved spring flows, improved groundwater levels, etc.) 

The sites used for effectiveness moni toring are also incorporated into the WWBWC 's Watershed 
Monitoring Program. This applicat ion's funding wi ll be util ized to monitor these designated sites more 
often than would be done for the Watershed Monitoring Program. Each surface water site or groundwater 
si te will be visited approximately every month [rom October ti ll June (as opposed to every quarter for the 
Watershed Monitori ng Program). More frequen t data will allow WWBWC, OWRD and O DEQ to 
understand groundwater and surface water responses to aquifer recharge operations. 

EM3 Describe in detail and provide the citation for the protocols that wi ll be used. 

Pl e.:1se see Attachment 8 for WWBWC standard operati ng procedures for monitoring activities. 

EM 4 Describe in detail the sampling design used to ehoose your sampling locations. 

The sampling design fo r this projcct was devcloped in conjunction with ODEQ and OWRD. For water level 
monitoring (both surface and ground) a combination of monitoring locations were used . First for the 
groundwater, existing well s were utilized and some additional wells were drilled to fill in "gaps." Many of the 
ex isting wells were chosen because they had historic data that new data could be compared against. For 
surface water sites. we have utilized some existing sites and have established new sites as suggested/required 
by OWRD or ODEQ. Many of the surface water sites a lso have historic data (or at least the spring or creek has 
historic data if not the exact location). 

For both surface water and groundwater sites monitoring locations were limited because landowner approval is 
needed. Locations arc limited to where access was made available by the landowner or where accurate 
measurements could be taken. 

Traditional sampling designs do not necessary hold true for groundwater and surface water monitoring. 
Location selection for monitoring (and operating) aquifer recharge sites is based upon nonrandom 
hydrogeologic conditions (including depth to water, gradient, subsurface stratigraphy, water use, etc .). 
Groundwater monitoring locations are li mited to either exi sting well s or newly drilled wells. Based upon the 
financial constraints (a monitoring well cost ~$8,OOO to drill), existing well s are preferred but the location for 
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the monitoring site cannot be adjusted without drilling a new well (which also has to be approved by a 
landowner). For surface water locations we need to capture data for what is happening within a managed 
system (irrigation withdrawal:., tail-water inputs, etc.) and therefore monitoring locations are picked based 
upon anthropogenic influences on the system as well as natural conditions. 

EMS Select you, monitoring design fcom the list below and place a check mack next to it. 

l BeforeiAftcr Control Impact - A control site is evaluatcd over the same time period as the treaunem site, 
thus the study is replicated in both time and space. 

NOTE: This is partially inle - we are sampling IIp-gradienr o/recharge sites. at recharge sites and down­
gradielll o/recharge sites. The IIp-gradielll site can be considered a "control " Site/or groulldwater tl/at is 
nO! affected by the recharge activi(ie.\·. 

l Before/A fter - Data are collected both before and after treatment, so the study is replicated in time, not 
space. 

Stratified Random - Dividing the populat ion to be sampled into two or more subgroups before choosing 
what will be sampled. 

Random Allocation of Treatment - Sites are randomly selccted and each site has an equal chance of being 
selected. 

l Avai lable Sites - Sites are being sampled solely based on what is avai lable to be sampled. 

Census - All units arc sampled 

Other: Explain. 

El\16 Describe how the infonnation to be gathered augments existing avai lable data. 

Data co ll ected using thi s efTectivencss monitoring funding will augment existing groundwater and surface water 
data. both specific to each recharge site and to the va ll ey as a whole. Data will also be distributed to OWRD who 
also coll ects groundwater and surface water data in the valley. This more frequent data collection will help add 
detail to the existing data sets during recharge operations . This additional detail wi ll help the WWBWC (in 
conjunction with OWRD and ODEQ) priori tize aquifer recharge projects. 

EM7 Describe the quality controVquality assurance program for the project and who will be collecting your data . 

Please see Attachment B for QNQC program (incorporated into the Standard Operating Procedures). 

EMS What is the proposed schedule for the Effectiveness Monitoring activities? Include infonnation on the sampling 
frequency and the duration of the monitoring proposed. 

Effectiveness monitoring will start approximately onc month (typically October) before aquifer recharge 
operat ions begin for the season to ensure dam loggers are operat ing correctly and collect ing data . This also gives 
the "start" conditions before aquifer recharge operations stan. Pre-operation monitoring will include visiting the 
recharge monitoring wells, recharge surface water sites and each of the recharge site intakes (See Attachment A). 

During recharge operations, monitoring wells and surface sites will be visited approximately once a month to take 
manual measurements, download data loggers and ensure data loggers they arc operating correctly and colk'Cting 
data. Every week all recharge sites will be visited to take manual measurements of intake values and to ensure 
sites arc still operating and functioning correctly. 
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Post-operation monitoring will be done betwccn 1-3 weeks after aquifer recharge operations have stopped for the 
season (typically May ISIh). Monitoring wells and surface sites will be visited to take a final end or season 
measurcmclll and to download data loggers. Data for the entire recharge season will be compi led in June of each 
year to creme an annual repon ror recharge activities (note: a recharge season starts in November and continues 
through May of the following year). 

EM9 Describe the data analysis process. Include the timel ine fo r analysis, who will be responsible for the data 
analysis and report wr iting, who will be doing the analysis, who will review it (peer reviewers), where it wi ll be 
stored, who will f(,'ecivc the infonnat ion and the fonnat to be used. 

At the end of C<1ch recharge season (typically in June), data gathered will be compiled, verified and incorporated 
into the WWBWC's AQUARIUS database. Data will be analyzed by WWBWC (Project Lead and GIS Analyst) 
to dctennine rccharge volumes, up-gradient and down-gradient effects on both groundwater and surface watcr 
and an estimate of "increased aquirer storage" and water discharged to surface water systems. After ana lysis, an 
annual report will bc written by WWBWC staff and submiltcd to a hydrogeology consultant ror peer review. 
Once approved by the consultant, a license geologist or hydrogeologist will stamp the report and it wi ll be 
submitted to OWRD, ODEQ and OWER The annual report will include a narrative of recharge activities for thc 
season, figures and hydrographs for monitoring locations and analysis of aquifer storage and surface water 
improvemcnts. Data submitted with thc annual report will be formatted to OWRD standards to allow data to be 
incorporated into their dmabasc. Note: Annual reports wi ll be submitted to OWRD in February of each year per 
requirements in the limited license. 

EM 10 If activities wi ll take place on other lands not identified under the restoration application (cite scction/question 
#), provide a detai led descript ion ofprojcct location, including location(s) where monitoring will occur. Also, 
provide geographic coordinates and or river mi les whenever possible. 

See Attachment A for monitoring locations. Note: addi tional sites will likely be included in the monitoring, 
especially new monitoring wells that will be drilled in conjunction with new recharge site construction. 

If your restoration project is funded, 
you will be required to submit any water quality data to 

DEQ 's Laboratory Analytical Storage and Retrieval Database (LASAR) 
http://www.dcq .statc.or.uS/lab/lasar.htm 

and any fish habitat and distribution data to 
O DF\V's Natural Resource Information Management Program 

h ttps :llnri rnp.d fw .state.or. us/DataClearin gho usel 
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Totals 

Section III 

EFFECTIVENESS MONITORING BUDGET 
IMPORTANT: Read the application instructions. Add additional lines, ifnecessary. 

round to the nearest doUar 

A 8 
Unit Unit 

E F 
Total Costs 

1~;,:;::,p';Ojected costs under each ofthefollowing Co>! 
In-Kind 
M.t<h 

Cash Match 
Fund, 

OWEB 
Fund, 

A nON. Must occur after the OWES grant agreement has been fully executed, unless it is a city or county charge for 
i me land Use form. OWED funds will not be disbursed for project components requiring permits or licenses until those pennil<; 

and licenses have been received by OWES. However, funds may be re leased for non-permitted project components whose implementation is 
~Ol affected by the· . . 

I Lead I 
I 

901$ ~~23 ______ ~ __ ~1~.01?r.--7~, ~ __ ~4'.~~17'~' 
751 $ 38.58 9' .• 928 2,8n 

, (I) 0 1,98 4,981 6,964 
Includes slaff or contractors wbo coordinate project implementation. Line items should identifY who will be 

fo~.pr~t management and their affiliation. 

I Lead 1501 $ 45.23 ,$ '.393 $ 3.392 1$ 6:ill 
~ ~58 '65 2.893 
1 Di'ecIO' 501$-- 59. '56-

, (2) 0 7, 14 6,285 
; only aolUal , stafT I the I 10 Ihi, 

I Lead 2801 S 45.22 IS 4.342 8.323 1 2.66~ 

r~h 

~$ ~~.6; ~ __ ~~¥.-+sr.-~',4~68 
lQQI.$ ~58 ',716 
5001 S 28.66 14.330 

, .. d 

~ rAL (3) 0 $ 20,642 S 21.5371$ 42,179 

, be '~projcc,-

321 350 ' $ 8,500 $ 17,000 

SL , (4) 8,500 1$ 
. elc. MU5I"", currenl Stale , "" e, 

1.5651 

8,500 S 

254 1$ 
254 IS 

17,000 

1.01 
1,017 

I 18001 
St , (5)1 

Refers to items that typically are "used up" in the course of the projcct. COSl<; to OWES must be I 
to on-the-ground work. 

I , 'O~ , ~ •• ' pe"', 
~ paper, c lipboards, I-posts, cable . 

• tape . ". elc.) 

$ 750 $ 1,000 250 S 

St , (6) 0 , $ 250 S 750 I S 1.000 

"~oQ"lh".' . ,.. Ldist ~fyuiPment COSh ling $~50 01" (~ore pe~thunit·fu V,se I.,ful I I Liff' e ,of, II i 2 I i, fo,the) M be . ~f I be u>Cd O~,'y 
I " project. I entl anyporta Ie eqUIpment ItcmsWl use Il eo genera y years or more . ust propertyo agovcmmenta 
entity, tribe, watershed council, SWCD. institution of higher learning or school district. 

I 41 800 
, Field LaPlop I II 40C 

, (7) 

COSTS. This only applies if you are conducting Effectiveness 

I /,.,.1 
SUBTOTAL (8) 

IAddaU , (1-8) abovel CA' TOTALS (9) 
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1$ 
1$ 

0 , $ 
, (, 

o 

o $ 

800 S 
200 $ 

1,000 $ 

2.400 I $ 
200 I $ 

2,600 1 S 

Instructions and R/ 7). 

o o 

39.943 $ 45,416 $ 

Page I 

3.200 
400 

. 3,6Q(l 

o 

85,359 



A B C 0 E F 
Unit Unit In-Kind Cash Match OWED Total Costs 

Itemize projected costs under each of the following Number Cost Match Funds Funds 
cmegories. (e.g., # of (e.g., hourly (add columns 

hours) rate) C, D, E) 

FISCAL ADMlNISTRA TJON Totals automatically round to the nearest doUar 

FISCAL ADMINISTRATION. Not to exceed 10% of Category Totals (9) Funds. Compute by multiplying by 0.10 or less. COSl<; 

associated with accounting; auditing (fiscal management); contract management (complying wlth the temlS and conditions of the grant 
agreement); and fiscal reporting expenses for the OWES pro ject, including final report expenses (e.g., film developing) for the grant. 

Admin (3%) I 0 o $ 1.360 $ 1,360 

FISCAL ADMINISTRATION TOTAL (10)1 01 01$ 1,360 I $ \ ,360 

BUDGET TOTAL Totals automatically round to the nearest doUar 

IAdd Category Totals (9) a nd Fiscal Total (10)1 

Effectiveness Monitoring BUDGET TOTAL (11) 
0 $ 39,943 $ 46,776 S 86,719 

I usert this TOTAL in th e 1::1\'1 Budget Totlll (14) line 
in the ReSlOratio ll AppliClltion Bud:,:et 
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Section IV 
WATERSHED RESTORATION BUDGET 

IMPORTANT: Reu lite "Pplicadon instnlctWns. Add additional lines, if necessary. 

T ota s automatically round to the nearest dollar 

A B C 0 E 
Itemize projected costs under each of Unit Unit In-Kind Cash Match OWER 
the followinJ! cat€£ories. Number Cost Match Funds Funds 

(e.g .• # 0 (e.g. , hourly 
hours rat~) 

F 
Total Costs 

(add colutrulS 
C D. E) 

PRE-IMPLEMENTATION. Must occur after the OWEB grant agreement has been fu lly executed, unless it is a city or county charge for 
processing the Land Use fonn. OWEB funds will not be disbursed for project components requiring pennits or licenses until those permits 
and licenses have been received by OWED. However, funds may be released for non-pennined project components whose implementation 
is not affected by the required permits. 

Proiect Lead 365 $ 45.23 $ 8.255 $ 8.255 $ 16.510 
Ooerations Manager 230 $ 38.58 $ 5945 $ 292& $ 8.873 

SUBTOTAL (1 0 $ 14,200 $ 11 , 183 $ 25.383 
PROJECT MANAGEMENT. Includes actual in-house staff or contractors who coordinate project implementation. Line items should 
identify who will be responsible for project management and their affili.ation. 

Proiect Lead 750 $ 45.23 $ 20.354 $ 13 569 $ 33.923 
Operations Manager 300 $ 38.58 $ 8.680 $ 2,894 $ 11,574 
Executive Director 150 $ 59. 11 $ 5912 $ 2955 $ 8.867 

SUBTOTAl. (2 $ - $ 34,946 $ 19,41 8 $ 54 ,364 

IN-HOUSE PERSONNEL. Includes only actual in-house staff costs for project implementation. 
Proiect Lead 1200 $45.23 $ 27.1 38 $ 27,138 $ 54.276 
GIS Analyst 640 $46.67 $ 24.829 $ 5,040 $ 29.869 
Operations Mana~er 300 $38.58 $ 9.837 $ 1,737 $ 11.574 
Environmental Tech 400 528.66 $ 8713 S 2,751 $ 11 .464 

SUBTOTAL (3 $ - $ 70,5 17 $ 36,666 $ 107,183 

CONTRACTED SERVICES. Labor supplies. and materials to be provided by non-l'raff for project im lementation. 
GSI Hydrogeo Characterization & 5 $ 3,000 $ 7,500 $ 7,500 $ 15,000 
Pennitting 
GSI Well Drilling 5 $ 8,000 $ 20.000 $ 20,000 $ 40,000 
Site Preo and ConslrUciton 5 $ 47.500 $ 75,000 $ 162,500 $ 237.500 
Des i~ 15 sites) 5 $ 6.500 $ 20,000 $ 12,500 $ 32,500 
Site Lease Value 10 (5 sites $ 500 $ 5,000 $ 5,000 

for 2 years) 
SUBTOTAL (4 $ 5.000.00 S 122,500 S 202,500 $ 330.000 

TRAVEL. Mileage, per diem. lodging, etc. Must use current State of Oregon rate. 
Mileage 3500 $ 0.5651 $ 1.187 $ 791 $ 1978 

SUBTOTAL (5)1 $ - 1 $ 1, 1871 $ 79 1 1 $ 1,978 

SUPPLlESfMATERIALS. Refers to items that are "used up" in the course of the project. Costs to OWEB must be directly related to on-
the-ground work. 

Field Operations Materials (Clipboards, $ - $ 1,000 $ 1,000 
pens. waterproof paper, measuring 
tapes, stakes, spray paint, tools, etc.) 

SUBTOTAL (6 $ - $ - $ 1,000 $ 1,000 

EQUIPMENT. List t.'quipmem costing 5250 or more per unit . Useful life of equipment is for the duration of project and will be used 
only for this project. Identify any portable equipment (items with useful life of generally 2 years or more). Must be property of a 
govenunental entity, tribe. watershed council, SWCD, institution of higher learning or school district 

Pressure Transducers 5 $ 800 $ 2,000 $ 2,000 $ 4,000 
Water Quality Station 2 $ 10.775 $ 10.775 $ 10,775 $ 21,550 

SUBTOTAL (7 $ - $ 12,775 $ 12 ,775 $ 25.550 
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A B C 0 E F 
Itemize projected costs under each of Unit Unit In-Kind Cash Match OWED Total Costs 
the following categories. Number Cost Match Funds Funds 

(e.g., # 0 (c.g., hourly (add columns 
houo; mte C D E) 

OUTREACH. Refers 10 infonnational and promotional activities associated with the roject. 

I I $ - $ - $ -
SUBTOTAL (8 $ - $ - $ - $ -

[Add all subtotals, (1-8) abovel CATEGORY TOTALS (9 $ 5,000.00 $ 256,125 $ 284,333 $ 545,458 

FISCAL ADM lNISTRATION ·Totals automatically round to the nearest dollar 
FISCAL ADMIN. Not to exceed 10% of Category Totals (9) Funds. Compute by multiplying by 0 .1 0 or less. Costs associated with 

accounting; auditing (fiscal management); contract management (complying with the lenns and conditions afthe grant agreement); and 
fiscal reponing expenses for the OWEB project includinc final report exoenses (e.g .. film develooing) for the grant. 
Fiscal Admin (~3%) $ 8,560 $ 8,560 

SUBTOTAL (10 $ - $ - $ 8,560 $ 8,560 
POST-lMPLEMENT A nON STATUS REPORTING. Costs associated with annual reponing requirements typically required for each 
grant (sce Application Instructions). 

/",1 $ -
SUBTOTAL (1\ $ - $ - $ - $ -

[Add thc two Subtotals (10 & t 1» TOTAL (12 $ - $ - $ 8,560 $ 8,560 

RESTORATION BUDGET TOTAL "'Totals automaticaUy round to the nearest dollar 

RESTORATION BUDGET TOTAL (13) 

IAdd Category Totals (9) and FiscallPISR Total (12) from above) $ 5,000.00 256,125 292,893 554,0 18 

EFFECTIVENESS MONITORING BUDGET TOTAL 
EFFECTIVENESS MONITORING BUDGET TOTAL (14) 

This on ly applies if ~ 0 11 are doing Effectiveness Monitoring; sec 
Application Instru ctions lind lH 7. Transfer Budgl' t Total (11) 

fmm the Effectivcncss Mnnilorinl! Budnet Insert. $ - $ 39,943 $ 46,776 $ 86,719 

PLANT ESTABLISHMENT BUDGET TOTAL 
PLANT ESTABLISHMENT BUDGET TOTAL (15) 

Th i ~ onl) Itpl,li{'s if }OU are doi[]~ 11 pl:l ll ti []~ proj('Ctj s{'c '\Ilplk:nioll 
Instructions and R18. Transfl'r Budget Total (9) from tht, Plant 

ESlalJlishm<,n l Rud~l'l lnsc rt. $ - $ - $ - $ -

PROJECT BUDGET TOTAL *Totals automatically round to the ncarcst dollar 

I PROJECT BUDGET TOTALi I 
[Add (13), (14), AND (15) as applicable) I $ 5,000 $ 296.0681 $ 339,669 $ 640,737 
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ATTACHMENT A 

MATCH FUNDING FORM 
Documelll here the match/undinc 
~;/IOH'IJ on the budget page o/your gra", applicatioll 

OWER accepts a ll non-OWF.B funds as match. An applicant ma y not use another O WE8 gram to match an OWES grant; this 
includes aDA Weed Board projects because they are funded through OWEB grants. However, an applicant who benefit s from a 
pass-through OWEll agreement with another state agency, by receiving either staff expertise or a grant from thaI state agency, may 
usc those benefits as match for an OWEB grant. (Example: A grantee may usc as match the effort provided by OOFW restoration 
biologists because OWES funding for those positions is the result of a pass-through agreement). Allhe time of application. match 
funding for OW EB funds requested does not have to be secured. but you must show that at least 25% of match funding has been 
soughl. On this fonn , you do not necessarily need to show authorized signatures ("secured match"). but the more matc h that is 
secured, the stronger the application. Identify the type of match (cash or in-kind), the status of the match (secured or pend ing), and 
either a dollar amount or a dollar value (based on local market ratcs) of the in-kind cOnlribution. In the table below. the match may be 
identified as Effectiveness Monitoring (EM), Plant Establishmcnt (PE) or Other (OHlER) Dollar Value. If vo u arc nol rC9 uesting 
funds from OWEIJ to support effectiveness monitoring or plant establishment, disregard the I<: M column or the PI<: column 
and use only the OTl-n:R column. 

EFFECTIVENESS MON ITORL"G (EM): If you are requesting more than $3,500 in OWES funds to support Effectiveness 
Monitoring activities as part ofa Watershed Restoration Grant Application and fi ll ing out infonnat ion for Question R 17, you must 
include matching funds which will be used as match for the effectiveness monitoring portion of the project. This is identified in the 
table below as the EM Dollar Value. 

PLANT ESTABLISHMENT (PE): If you are requesting morc than $3.500 in OWES funds to support Plant ESL.1blishmcnt as 
part of a Watershed Restoration Grant Application and filling out infomlation for Question R18 , you must include matching funds 
which will be used as match for the Plant Establishment portion of the application. This is idcntified in the table below as the PE 
Dollar Value. 

~r¥.Y~0t.u~h~aV~e~q~u~e'~t~;o~'~OSea~bo~u~t~;~~~~~~~~m~a~"~h~'~' S~;~~;::,~o~':~no~~t, see Allowable Match document in OGMS application or contact your local OWEB regional 
program this application). 

Projcct Name: Mud Creek and West LWW Recharge and Dist Function Applicant: Walla Walla Basin we 

Match Funding Typo SUitU5 EM PE OTHER I\-btch Funding Source 

Sou,,, ("J one) (oJ one)** Dollu Dollar Dollar Slgnatur~ate·· 

Valut Value Valut 

Bonneville Pow!."!" 181 ~h 181 S(.'Cu r!.-d .:::;:9/R/'-
I ~dl11 inistrat ion - 2013 o in kind o Jx:nding S65.l)90.00 

Sec Attachmentcd) SCI , ~ 
BOIID!.-vilie Power l8I=h o secured 

531,000.00 
Administration· 20 14 o in kind 181 pending 59 1,035.00 

Bonneville Pow!."!" 181 cash o Sl'Cun.'tl 
$8.943.00 $ 100,000.00 

Administration · 201 5 o in kind 181 Jx.:nding 

Landownf..T Land Lease o cash o secured 
$5.000.00 

Value 181 in kind 18Irx.:nding 

D = h o secured 

o in kind o pending 

o cash o secured 

o in kind o Ix."nding 

o cash o S(."Cured 

o in kind o pending 
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** IMPORTANT: If you checked the "Sec ured" box in the Status Column for any match fund ing source, you must provide either 
the signature of an authorized representative of the match source in the final Column, or attach a leiter of support from the match 
funding source that specifically mentions the dollar amount you show in the EM, PE or OTHER Dollar Value Column(s). 
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UNITED STATES 
GOVERNMENT 

Mail Im'oia To: 

(winvoices@bpa.gol/ 
F' & W Invoices. KEWD.4 
P. O. Box 3621 
Portland OR 97208-3621 

V~ndor: 

CONTRACT 

WALLA WALLA BASIN WATERSHED FOUNDATION 
810 S MAIN STREET 
MILTON·.-REEWATER OR 97862 

Attn: URIAN WOLCOTT 

BO NN EVILLE 
POWERADMrN1STRATION 

Contract 
Release 
Page 

,00060272 

P/eas~ Direct I"qlliri~s to: 

BRENDA S. HEISTER 
Title: CONTRACTING OFFICER 
Phone; 

Fax : 
503-230-3531 

503-230-4508 

Contract Title: 2007-396-00 CAP RESTORE WALLA WALLA RIVER FLOW 

Total Value : 5471,178.00 
Pricing Method: COST, NO FEE 
Performance Period: 111OU12 10/31/13 

Contractor Signature 
15 ~ , A I'J 1< . "'-'bLe> ;-r /f.,>- ': c.,-n .. \. .a ,.t.: .. uM . W/,1Jg..;.c: 

Printed Namerritl6 
l i':1. 2 1i3 

•• NOT TO EXCEED • • 
Payment Terms: % 

~PA Contracting Officer 

'J.Q.IWMI~ 18)d-o I "3 
Date Sign 

Days Net 15 



ATTACHMENT B 

LAND USE INFORMATION FORM 
OWEB 

This in/ormlliian b; needed to delermine if the proposed project complies Willi sialewide planning goals (lnd ~ com/xllible wilh 
focal comprehensive plans (ORS /97.180). The/o,,,, must be submitted at the time of application (OAR 695~050-0035(/)(u)) 
with the applicant completing at least #1 below, The completed and signedform I1II1SI be :mbmiffed before OWED releases 
grant funds . OIVEB will release gram fum/s only if the projl'cf either is 110/ regulllled by. or i.f compmihle wilh. ,he local 
comprehensive plan and zoning ordinance. If a project is regrllmed by the local comprehen.\'ive plan and zoning ordinallce, 
OWEB will void gram agreements/or projects the county determines fO be incompmible wilh lhe 10c(11 comprehensive plan and 
zoning ordinance. If the cOlmly require:.' additional local approl'fl/s for (/ projeci regulated by lhe local comprehell.\·ive phm {Ind 
=oning ordinance. OlVER will not release grant fl/nds untillhe.~e Contlilions are satisfied. 

I. TO BE COMPLETED BY THE APPLICANT/GRANTEE 

Applicant/Grantee Name: Walla Walla Basin Watershed Council 

Project Name: Mud Creek and West I WW Aqu ifer Recharge and Djstributa!:y/ Floadplain Func tion 

2. TO BE COMPLETED BY CITY/COUNTY OR TRIBAL PLANNING OFFICIAL 

Complete lhis section only after section I , above, has been completed. Check the box below that applies: 

o This project is nOl regulated by the local comprehensive plan and zoni ng ordinance. 

o This project has been reviewed and is compatibl e with th e local comprehensive plan and zoning ordinance. 

o T his project has been reviewed and is nOI compati ble with the local comprehensive plan and zoning 
ordinance. 

o Compatibility of this project with the local planning ordinance cannot be detennined until the following local 
approvals arc obtained: 

Conditional Usc Permit 
Plan Amendment 
Other 

__ Development Permit 
__ Zone Change 

An application has __ has nOl __ been made for the local approvals checked above. 

* Signature of Local Official Date 

Prim Name: Phone: 

Title~; _ ___ ___ ________ _ Emai l: ____________ __ _ 

*Must be all authorized !J'igllature from your local City/ Coul/ty or Tribal Pla,wing Departmelll, 

regardle.\·,\· of which box is checked abo~'e. 

201 3-15 OWEB Watershed Rcstornlion AppliC'dlion - Altachml..'11l B - April 2013 



ATTACHMENT C 

PUBLIC RECORD CERTIFICATION 

Oregon Administrative Ru le 695-005-0030(4) states that "All app lications that involve physical changes or monitoring on private 
land must include certification from the applicant that the app licant has informed all landowners involved o f tile existence oflbe 
application and has al so ad vised all landowners that all monitoring in fonnation obtained on their property is public record. If 
contact with all landowners was not possible at the time o f application, explain why." 

INSTRUCT IONS: All applicants must complete Pa rt O nc. In Part One, if you check the first box, skip Part Two 
and sign and date in the signature box below. If you check the second box, you must complete Pa rt Two and 
sign and date in the signature box below. 

PART O NE 

o Public land only (STOP: go to signature box and complete) 

C8J Private land only, or a mix of public and private land (complete Part Two and sign and date in the signature box) 

PART TWO 

C8J [ cert ify that I have infonned illlParticipating private landowners involved in the project of the existence of the application, 
and I have advised all of them that all monitoring informatio n obtained on their property is public record. 
The followi ng is a complete list of all participating private landowners. 

I. Richard Yound 6. 
2. Lee Andrews 7. 
3. Monte Thomas 8. 
4. Don Jackson 9. 
5. Sean Roloff 10. 

o I cert ify that contact with ill.! participating private landowners was not possible at the time of application for the fo llowing 
reasons: 

Furthennore, I understand that should this project be awarded, J will be required by the terms of the OWEB grant agreement 
to secure cooperative landowner agreements with all participating private landowners prior to expending Board fu nds on a 
property. 

APPLICANT/CO-APPLICANT SIG NATURE 

A~ Y-/??~/3 
Dutc 

Steven Patten Senior Environmental Scientist 
Print Name Ti tle 

CO-Applicant Signature Dutc 

Print Name Agency 

201 3-15 OWEB Watershed Restoration Appli(.:ation - Alla(.: hm<-"Tl t C - April 20 13 



Walla Walla Basin Aquifer Recharge Program 

Letter of Support and Interest - Aq uifer Recharge Project 

The Walla Walla Basin Aquifer Recharge Program is designed to restore the alluvi a l (s hallow 

gravel) aquifer and to improve low-flow co nditions in hydra uli cally connected rive rs. streams a nd 

spring creeks. The primary purpose orthis program is for public and regiona l benefi t. Restori ng 
the aquifer will enhance groundwater contributions to instrea m flow a nd maximize the aquifer's 

potential with mul tiple benefits for aquatic life, recreationa l water use, domesti c use and irrigation 
use. 

Projects in the Walla Walla Bas in Aquifer Recharge Program utilize winter and sp ring time hig h 

run-off water from the Walla Walla River. This process sim ulates the his toric distributary sys tem 
that sp read water across the valley floor. There are three main project types that are currently 
being used: field recharge, infiltration basins and in filt ration galleries. Fi eld recharge is simply 
t1ivt!rling waleI' on to a property and allowing it to soak into the ground and recharge the aqu ife r. 
Infiltration basi ns are constructed leaky ponds that pool water in a confined area to recha rge the 
aq uifer. Infiltration ga lleries are modi fied drain fie lds (perforated pipes ) installed -5-6 feet under 
the grou nd surface that recharge the aquifer. Recharge projects are located in areas where 
groundwater declines have been observed or where springs/creeks have reduced flow. A typ ical 
s ite will recharge approximately 1-2 cu bic feet per second (cfs), which is - 450-900 gallons a 
minute. Over the course of a recharge season this can equate to - 200 acre- feet of water (over 65 
million gallons of wate r) per s ite. 

This letter is submitted in support of the Walla Walla Bas in Aqui fe r Recharge Program and 
confirms that I a m interested in having a n aquifer recha rge project located on my prope rty. 

j'l cI<d:,n -J. fJ fVl $' i1 COWl. 

Phone/E mail ,.&09 - 7& 7 - N 71i' 

Project Property AddreSS-'S:>dJlLJ'-.la~,.-",lLUJ.49'=4--i-<a~...Ll.lLP::Qjj~=-"'=U1(e Q (Jf2 

Signature'_Wdi:Z.L--K.Kl_ -jf/L:!:::_ !="-__ _ Date'---'-1If_--/--/ .lLY_-L.( ...1.3 __ 



Walla Walla Basin Aquifer Recharge Program 

Letter of Support and Interest - Aq uifer Recharge Project 

The Walla Walla Basin Aquifer Recharge Program is des igned to restore the alluvia! (shallow 
gravel) aquifer and to improve low-flow conditions in hydraulically connected rivers, streams and 
sp ring creeks. The primary purpose of this program is for public and regional benefit. Restoring 
the aquifer will enhance groundwater contributions to instream flow and max imize the aquifer's 

potential with mUltiple benefits fo r aq uatic life. rec reational water lise, do mestic lise and irrigation 
use. 

Projects in the Walla Walla Basin Aquifer Recharge Program utilize winter and spring time high 
run-off wa ter from the Walla Walla River. This process simulates the historic distrib utary system 
that sp read water across the valley floor. There a re three main project types that are currently 
being used: field recharge, infi ltration basins and infiltration galleries. Field recharge is simply 
diverti ng water on to a property and allowing it to soak into the ground and recharge the aqu ifer. 
Infi ltration basins are constructed leaky ponds that pool water in a confi ned area to recharge the 
aqu ifer. Infiltration ga lleries are modifi ed dra in fie lds (perforated pipes) install ed -5-6 feet under 
the ground surface that recha rge the aqUi fer. Recharge projects are located in areas where 
groundwate r decli nes have been observed or where springs/creeks have reduced flow. A typ ical 
si te will recharge approximately 1-2 cubic feet per second (cfs), which is -450-900 gallons a 
mi nute. Over the course of a recharge season this can equate to ..... 200 acre-feet of water (over 65 
million gallons of water) per site. 

This letter is submitted in support of the Walla Walla Basin Aqu ifer Recharge Program and 
confirms that I am interested in havi ng an aquifer recharge project located on my property. 

Phone/Email 

Project Property Add ress 8.:>5(;0 (j<1XJI. Hol£ /.i.J 

Date_-1i-j;!'-'I--'-<1f-I_I:=:3=-----_ 
I 7 



Walla Walla Basin Aquifer Recharge Program 

Letter of Support and Interest - Aquifer Recharge Project 

The Walla Walla Basin Aquifer Recharge Program is designed to restore the alluvial (shallow 

gravel) aquifer and to improve low·f1ow conditions in hydraulically connected rivers. streams and 
spring creeks. The primary purpose of this program is for public and regional benefit. Restoring 
the aquifer will enhance groundwater contributions to instream flow and maximize the aquifer's 
potential with multiple benefits including aquatic life, recreational water use, domestic use and 
irrigation use. 

Projects in the Walla Walla Basin Aquifer Recharge Program utilize winter and spring time high 
run·offwater from the Walla Walla River. This process simulates the historiC distributary system 
that spread water across the valley floor. There are three main project types that are currently 
being used: field recharge, infiltration basins and infiltration galleries. Field recharge is simply 
diverting water on to a property anrl allowine it to soak into the ground and recharge the aquifer. 
Infiltration basins are constructed leaky ponds that pool water in a confined area to recharge the 
aquifer. Infiltration galleries are modified drain fie lds (perforated pipes) installed -5-6 feet under 
the ground surface that recharge the aquifer. Recharge projects are located in areas where 
groundwater declines have been observed or where springs/creeks have reduced flow. A typical 
s ite will recharge approximately 1-2 cubic feet per second (ds), which is -450-900 gallons a 
minute. Over the course of a recharge season this can equate to -200 acre-feet of water (over 65 
million gallons of water) per site. 

This letter is submitted in support of the Walla Walla Basin Aquifer Recharge Program and 
confirms that I am interested in having an aquifer recharge project located on my property. 

Phone/Email I tt I - 21(6 - '72 8 ~ 
Project Property Address-"£:",:3~'f...::'!!fl"'-LL_~.L!.!.'-{!l!::.~::..!G",A.!...r-,f2-",~,,,-,-I1F-=--_,<-< -"o"--'--R-'-----_ 

Signature ~ e-,9 Date fSM,etl.".2t3l3 



Walla Walla Basin Aquifer Recharge Program 

Letter of Support and Interest - Aquifer Recharge Project 

The Walla Walla Basin Aquifer Recharge Program is des igned to restore the alluvial (shallow 
gravel) aquifer and to improve low-flow conditions in hydraulically connected rivers. streams and 
s pri ng creeks. The primary pu rpose of this program is fo r pu blic and regional benefit. Restoring 
the aqui fe r w ill enhance groundwater contrib utio ns to instream flow and maximize the aqui fe r's 
potential with mUltiple benefits includ ing aquatic life, recreational water use, domestic lise and 
irrigation usc. 

Projects in the Walla Walla Bas in Aquifer Recharge Program utilize winter and spring time high 
run-off water from the Wa lla Walla River. This process simu lates the histori c distributary system 
that s pread wate r across the va ll ey floor. There are three mai n project types that a re currently 
being used: field recharge, infi ltration bas ins and infiltration galleries. Fie ld recharge is simply 
diverting water on to a property and allowing it· to soak into the ground and recharge the aquifer. 
Infiltration basins a re constructed leaky ponds that pool water in a confined area to recha rge the 
aq uifer. Infiltration galleri es are modified drain fie lds (perforated pipes) insta ll ed -5-6 feet under 
the grou nd surface that recha rge the aquifer. Recharge projects are loca ted in areas where 
groundwater declines have been observed or whe re sp rings/creeks have red uced flow. A typical 
s ite will recha rge approximately 1-2 cubic fee t per second (cfs), which is -450-900 gallons a 
minu te. Over the course of a recha rge season this can equate to -200 acre-feet of water (over 65 
millio n gallons of water) per s ite. 

This letter is su bmitted in support of the Walla Walla Basi n Aqu ife r Recharge Program and 
confirms that [am interested in having an aquifer recharge project located on my property. 

Phone/Em a;] 5-.£1- S-~-8- 37 Z ;; 

Project Properly Address,_-"S,-,2."--,,=.3'-L8Lt,---,-;::;;.:.!.~,,,urC!.1"-1l16~£'-!..l\.u({"---LIf-LLF_--"o,,-,,--[(,-

~ ~ ~- ---Signature __ ~+-_L===,--_-=-________ _ 1 -/5-:' /3 Oale' _ __ L--'-=--_-'--'=='-_ 



Walla Walla Basin Aquifer Recharge Program 

Letter of Support and Interest - Aquifer Recharge Project 

The Walla Walla Basin Aquifer Recharge Program is designed to restore the a lluvial (shallow 
gravel) aquifer and to improve low·flow conditions in hydraulically connected rivers, streams and 

spring creeks. The primary purpose arthis program is for public and regional benefit. Restoring 
the aquifer will enhance groundwater contributions to instream flow and maximize the aquifer's 
potential with multiple benefits including aquatic life. recreational water use, domestic use and 
irrigation use. 

Projects in the Walla Walla Basin Aquifer Recharge Program utilize winter and spring time high 
run-off water from the Walla Walla River. This process simulates the historic distributary system 

that spread water across the vall ey floo r. There are three main project types that are currently 
being used; field recharge, infiltration basins and infil tration galleries. Field recharge is simply 
diverting water on to a property and allowing it to soak into the ground and recharge the aqu ifer. 
Infiltration basins are constructed leaky ponds that pool water in a confined area to recharge the 
aquifer. Infiltration galleries are modified drain fields (perforated pipes) installed -5-6 feet under 
the ground surface that recharge the aquifer. Recharge projects are located in areas where 
groundwater declines have been observed or where springs/creeks have reduced flow. A typical 
site will recharge approximately 1-2 cubic feet per second (cfs), which is - 450-900 gallons a 
minute. Over the course of a recharge season this can equate to -200 acre-feet of water (over 65 
million gallons of water) per site. 

This letter is submitted in support of the Walla Walla Basin Aquifer Recharge Program and 
confirms that I am interested in having an aquifer recharge project located on my property. 

Namegod t tkwH Phone/Email 57'/-.5"0%-3'7b3 
Project Property AddreSS'_J...8",S("-C,,,,,-,,,?,,;;r-,-,-,~,,,£,yt=c,,,h"'f,,·e,,--,R,,,J,.-_,-t}->:!c'F",>..l.OL.L!CL-_ 

/ 

Signature :11:J~ Date 



ATTACHMENT D 

RESTORATION METRICS FORM 

OWEB receives a portion o/itsfimdsJrom theJederal governmem and is required to report how its 
grantees have lIsed both federal and slate/unds. The information you provide in the/allowingform will 
be used for federal and slate reporting purposes. 

Please complete all portions ofthe/orm below as they apply to your project and submit all pages (do not 
exclude any pages). Please provide specific values, do not enter values like "2-3 " or " <100 ". Ell ler 
your best approximation of what the project will accomplish. 

Jfyou have any questions, please contact Cecili(l Noyes. OWER Federal Reporting Coordinator al 
503-986-0204 or cecilia.noyes@Srate.or.us . 

Section I - Project Overview 
A nswer aI/five questions below, even if you have a".'iH'ered a !iimilar qUI!!>'/ion ill a previou.'i seelioll ill ,I'I! gram 
application. 

1. Land Use Setting: CHECK ONE BOXONL.V. 

o Urban/SuburbanlExurban (Projects localed within urban 
rowlh boundaries or rural residential arew) 

1:81 Rural (Projecl.\· located aU/side urban growlh 
wundaries or ruml residenlial areas.) 

2. Dominant Watershed Setting: CHECK ONE BOX ONLY. Example: Your project involves managing erosion in the 
upland area with some erosion control extended to the riparian area. Because most orthe work is to occur in the uphlnd area. 
you would check only the Upland box below. 

0 ~J~,u a ry (w.he~~freshwaler meelS (lnd mixes with sa/MaWr o ~,iparian /~/djaCenllO a \l'(ller body. willlin lhe aClive 
o ocean tIdes. laodn/ain. 

0 Instream (below lhe ordinary high-waleI' mark or Wilhi" 
o Upland (awl'e lhe j/oO(Jplain.j 

I:8l Groundwater (Projecl!>' dUll recharge grollndll'(jfer the aClive channe/ - includes fish passage.) 
or primarily affeel lire subsurfilce warer tahle.) 

0 Wetland (areas inandmed or !>'(I/arated by swface or groundwater (jf afrequency and duration .I'ufficienllO SUppOI'/ a 
prevalence of vegetalion typically (ldUpled for life in s(llurated soil conditions. 

3. Total Acres Treated:2-5 acres Total Stream Miles Trcatcd: N/A (do not include upstream Slream mile.5 nuuJe 
accessible to fish with /xlssage improvements) 

4 Project Identified in Plan or Watershed Assessment: List the primarv watershed/subbasin plan(s) or assessment(s) 
in which this project type is identified as a priority. The plans identified in Section III. question #R9 should include the plans 
or assessments listed below. Attach additional page. irnccded. 

Title Author(s) Date 

Walla Walla Subbasi n Plan Walla Walla County and WWBWC May 2004 

Mid-Columbia Steelhead Recovery Plan NOAA and ODFW Sept 2009 

Little Walla Walla River Assessment WWBWC (Brian Wolcott) 2011 

Walla Walla Basin Aquifer Recharge Strategic Plan WWBWC 2013 

2013-15 OWEB ReSlOration AppliClllion - Allac/rmem D - April 201 J Page l 



5. Project Monitoring: All OWEB funded restoration projects require post-implementation status reporting including photo 
point monitoring. Please indicate below: I) the location of the monitoring activities relative to the project, including photo 
point locations. 2) whether effectiveness monitoring is planned, and J) whether additional monitoring will be conducted for 
this project. 

5. t) Identify the location for the planned monitoring activities relative to the restoration projecl location. Check as many 
boxes as apply. 

C8J Onsite [81 Downstream [81 Upstream D Upslope 

5.2) [81 Effectiveness monitoring will be conducted for this project, this can be selected regardless of whether the 
effectiveness monitoring is funded by OWEB (refer 10 definition of effectiveness monitoring in the Application 
Instructions under R 17). 

5.3) Will this project conduct monitoring activlties beyond the required post-implementation status reponing and photo point 
monitoring? 

[81 Yes D No If you answer yes, select the monitoring activities below, if you answer no proceed to Section 2. 

Check all proposed monitoring activities 

0 Adult Fish presenee/absencc/abundanccldistribution survey(s) 0 Riparian vegetation (Presence/Absence) 

0 Juvenile Fish presence/absence/abundance/distribution survey(s) 0 Spawning surveys 

0 Instream Habitat surveys 0 Upland vegetation (Presencel Absence) 

0 Macroinvertebrates IZl Water quality 

0 Nox.ious weed (Presence/Absence) IZl Water quantity 

0 Other Biological Monitoring (bird counts, amphibian surveys) IZl Other (explain): Groundwater levels and 
streamfsQring flows 

Section 2 - Project Activities 
Provide values for each Project Activity applicable to your application. Leave blank any Project Activity or metric line 
that is not appropriate to your application. Afl data entered in thisfimn should be what you plan to do with the project. 
Data about completed projects will be reported at the end of the project to the Oregon Watershed Restoration Inventory 
(OWRJ). 

For each activity type where you efller metric~·. estimate the percentage of the total cost of the project (OWEB and all 
olher fiil/ding source .... shown on page I of this application) that applies to the activity. The sum of all of the activity cost 
percentages should eqllullO()% Please distribllte all administrative, project managemefll and other general project costs 
among the variollX project activities wilen estimaling percentages. 

Example: A project will remove a fish pa\'sage barrier, place large boulders im·tream, and plant a riparian blif]er. YOII 
would ellfer the appropriate metrics into the Fish P{L~.mge, Instream Habitat, and Riparian Habitat activity sections of 
thisform. Then, estimate the percentage of the total cost oftlie pnljectfor each activity. For instance: 20% towards Fish 
Passage activities. 25% towards Instream Habitat activities, and 55% towards Riparian Habital activities. 

Fish Screening Projects: Projects (hat result in the installation or improvement of screening systems that prevenlfish 
f rom passing infO areas that do not support fish survival, for eX(lmple into irrigation diversion channels. 

__ % Estimate the percentage oftOlal cost of the project applied to fish screening activities 

New Fish Screens Installed 

# Estimate the number of new screens installed (do not count diversions where existing screens are replaced) 

cfs Estimate the cubic feet per second of Ilow influenced by new scrcen(s) installed (to nearest 0.0 1 cfs) 

Existing Screens Replaced, repaired or modified 

# Estimate the number of existing screens replaced, repaired or modified 
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_ _ crs Estimate the cubic feel per second of fl ow influenced by existin!!, screen(s) screens (10 nearest 0.0 1 cfs) 

Fish Passage Improvement: Projects that improvejlSh migration by addressing (/ migrm;on barrier problem. 

Complete sections A-E as they apply to the proposed project. Projects that improve fi sh passage at road crossings should 
complete both sections A (define the problem) and B (define the treatment). Non-road crossing improvemcms are reponed in 
sections C and D. Section E should be completed for a ll fish passage improvement projects. Refer to the app lication instructions 
for additiona l information and examples. 

A. Road Crossings - Deline E:1;iu;ng Fish Passage Problem 

I. Culverts hindering fi sh passage 1/ crossings 

2. Bridges hindering fi sh pas..<;age Ii~~ings 

3. Fords hindering fish passage 1# CR.I$SIMgs 

B. Road Crossings - Define the Fish Passage Improvement~' to be implemented by this project 

I . Cu lverts installed/improved· ImprovemelllS may illelude i/lstal/ing 
lxifflcs inside c.lIlverts or hUll/llillg/improving engilleeretl bypasscs __ It cR.I$Sings __ SIr. mi wilh impronxl access· 
(e,g, weirs) directly below tI cuhw1 olltlet to improve ptlSStlge, 

2. Bridges installed/improved· Improvemellls may include 
illSwlling/improl'ing engilleered bypa,I'!ieS (e,g. wcin.) directly below II _ _ It crossing.~ __ str. mi ""ith improved access· 
hridge (:rossing /Q improve passage, 

3. Fords installed/improved __ l#cl'l)$I!ings __ SIr. mi wilh improved access· 

4. Road C rossings remond and not replaced " crossings st!. mi with improvoo access" 
Estimale ,~tream miles in the main channel and tributaries made more accessible above the crossin ' s to neareJt 0.01 . (!i 

mile). /fa barrier exists upslream. report the length made accessihle up 10 thaI nexl upstream barrier, 

C Fish Passage Barriers - Other than Road C rossings 

I. Type(s) of barriers to be treated/removed to improve fi sh passage. D Diversion [);1m 
D Push-up Dam 
o Wood or Com;rete Dam 
D Weir (not associated with a road crossing) 
01 -,,&,,(1)01 wrirs) 
o Dcbri~ 
o Tidcgatc;; 
o Boulder/Rock B;micr (not weirs) 
o Landslide 
Othc:r{cxplain) 

2. /I Estimate thi,: local number of non·road crossing barriers (l isted und('T C.l above) to be 1l.'IllO\' cd or altcrt.:d to improve passage, 

D Fish Ladders or Engineered Bypasses (not associated with Road Crossings) 

I . Fish ladders will be installed/improved __ /I fish ladders to be inSUl lkd/impro"cd 

2. Engineered bypasses will be installed/improved. Thi.f illeludes weir~' . 

rock bmllder Slep pools. (lnd chutes cOlls/mcted/rollghened ill bell rock. Do 
1101 COIilII engineered bYPlL\'ses localed (II (I roml cro.'lSing /0 improve p(l.I'sage _ _ it cng in~,'!'~'d byp;.sSQi to be installcdlil11proVl'\l 
althe crossillg. These Iype.r of improveme/lis shmlld be idelllified (IOOI'C in 
sectioll 8 tIS a Road Crossing Fish Pa.fSilgC 'mpro~'Cmelll. 

E. Fish Passage Summary Metrics 

1. _ _ ". Estimate the percentage of total cost of the project applied to fish passage improvements 

2. mi Estimate the total stream miles that will be made more accessible in the main channe l and tributaries above 
the project (to nearest 0.0 I mile). This melric summarizes the .\'Iream miles for ,,/I of Ihe proposed pasS(lge 
improvements (defined above in Sections A·D) . /fa harrier exi.rts up.~t,.eam of the project. reporllhe lenglh 
made acce.\'sible lip 10 Ihal next upstream barrier. 

3. /I Estimate the total number of barriers (this includes road crossings, diversion dams, push up dams, wood or 
concrete dams, weirs, tidegates. etc,) to be removed or altered to improve pas.sage. 

4. __ % Estimate the percentage offish passage activity costs applied to tidegates. If you do not select tidegute as a type of 
fish passage barrier for question C. I, leave thi s. value blank. E.'lample: Your project wi ll remove a tidegale. You 
estimated that 100% of the total project cost will appl y to fi sh passage improvements and one quarter of the fish 
passage improvements cost'! will apply to the tidcgatc removal, you would report 25%. 
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Instream Flow: Projects thar maintain and/or increase the instreamflow of water. Irrigation improvement~ that are 
primarily designed to improve water qualifY should be reponed under Upland - Agriculture Management Activities. 

Ch k 11 ec - a uroJ2Qse d f 'f ac IVI les. 

0 Irrigation practice improved to increase instream /lows (e.g. 
install diversion headgate, replace open ditches with pipc·s)= 

0 Water flow gauges imtalled to measure water use 

181 Other (explain): Iml2roved groundwater levels will 

0 This project wi ll dedicate instream /low. improve stream flow through enhanced spring creek 
perfonnance and groundwater returns to streams will 
increase flows in them. 

50 % Estimate the percentage of total cost of the project applied to instream flow activities 

mi. Estimate the miles of stream where increased flow is the result of decreased/eliminated water withdrawals 

1.0-2.0 (seasonally) cfs Estimate the increase in Oow of water in the stream as a result of conservation effort (cubic feet per 
second) 

~~ mm/dd/yyyy Initial stan date of irrigation practice improvement 

~~ mm/dd/yyyy Final end date of irrigation practice improvement (if improvement is pennanent enter 12/31 /9999) 

Instream Habitat: Projects thar are designell to improve ins/ream habitat conditions. 
Check all orooosed activities .. 
0 Chalmel reconfiguration and connecti vity (e.g., creating D Spawning gravel placement 

inslream pools. meanders. improving Ooodplain 
connectivity, ofT-channel habitat, removal or alteration 
of levee or benn, removal of sediment) 

0 Channel structure - large wood placement 0 Plant Removal/control (instream) 
List scientific names of plants 

0 Channel structure - boulder placement 0 Beaver introduction 

0 Channel structure placement (other than large wood or 0 Carcass or nutrient placement: 
boulder placements), e.g., engineered structures or D salmonid carcass; Dfish meal brick: D other nutrient 
deOectors. barbs. weirs. etc. 

0 Streambank stabilization (includes bio-engineering) 0 Animal species removal (e.g. nonhern pike minnow, non-
native fish, invasive animals) 

D Other (explain): 

% Estimate the percentage of total cost of the project applied to instrcam habitat activitics 

___ mi . Estimatc thc miles of stream to be treated with instream habitat treatments (to nearest 0.0 1 mile) 

./. Estimate the percentagc of insteam activity costs for carcass or nutrient placemcnts. If you do not select 
carcass/nutrient placements as an instream habitat activity, leave this value blank. Example: Your project will place 
salmon carcasse.\·. You estimated that 25% of the total project cost will apply to instream habitat activitie~' and one 
half of the instream improvements CO.I·tS will apply to the carcass placement, you would reporl 50%. 

Riparian Habitat: Projects above fhe ordinary high-water mark o/the stream and within the f loodplain o/the Sfrcam. 
This incl udes lakeshores of connected lakes. 
Ch k 11 " 

, QTOQQse d actlvl les. 

0 Riparian planting 0 Non-native/noxious plant control 

0 Riparian fencing 0 Vegetation management (e.g. prescribed burnings, stand 
thinnin~ , stand conversions, silviculture) 

0 Riparian exclusion by means other than fencing (includes 0 Debris/structure removal (e.g. tires, appliances, old cars 
excluding livestock. people, vehicles, etc.) or buildings) 

0 Water gap developmcnt (fenced livestock crossing or 0 Other (explain): ~~ Do /101 report livestuck l1"alcr 
livestock bridge) dellc!opmcllls here. reportlillestvck 11"1Iter dew/opmcl/t$ IIl/der 

IIpland habitllllreatmellls. 

0 Conservation grazing management (e.g. , rotation grazing) 

% Estimate the percentage of total cost of the proJl..oct apphed to npanan habitat actiVItIes 

ae. Estimate the acres of riparian habitat to be planted (to nearest 0.1 acres) 

ac. Estimate the acres of riparian habitat to be treated for non-nativcJnoxious weeds (to nearest 0.1 acres) 
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ac. Estimate the to tal riparian acres 10 be treated. (to nearest 0.1 acres) 

mi. Estimate the miles of riparian streambank to be treated (to nearest 0.0] mi). Stream sides treated 0 one 0 two 
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Upland Habitat· p I d b I j/ d I . rOJects Imp emenle a OvetlC 00 pam . Ch k II " 
, Drolli1~ d activitIes. 

0 Erosion control slruclUres (e.g. , sediment collection 0 Upland Agriculture ManagcmcIJI - (e.g., nol1ow~till , wind 
basins WASCOBs) breaks, filter strips, and irri,gation improvements) 

0 Planting/seeding for erosion control (e.g., conven from 0 Livestock Manure Management (e.g., feedlot 
crops to native vegetation, plant area where non- improvements to reduce runoff . relocate/improve manure 
Ilalive/noxious weeds removed, grassed waterways) holding struclUres and manure piles to reduce/eliminate 

List scientific names afplants drainage into streams) 

D Slope stabilization (e.g. , grade stabilization, landslide 
reparation. terracing slope~) 

0 LivestockIWildlife Water Developments 

D Non~nativclnoxious plant control; 0 Upland Li vestock Management (other than livestock 

List scientific names of plants: water developments), e.g., grazing plans, fencing 

D Juniper removal/control 0 Restore Historic Upland Habitats ( e.g. oak woodland, 
oak savannah, upland prairie restoration) 

0 Vegetation Management (other than non-native/noxious 0 Trail or Campground Improvements (to decrease upland 
plant control or juniper removal, e.g. tree thinning, brush erosion; these may extend into or arc in the riparian zone) 
control, burning, stand conversion, silviculture) 

List scienti fic names of plants: __ 

D Other (explain): __ 

% Estimate the percentage of total cost of the project will apply to upland habitat activities 

/I Estimate the number of li vestock!wildlife water developments 

___ :lC. Estimate the acres of upland habitat to be treated lor non-native/noxious planl<; (to nearest 0.1 acres) 

_ __ ~IC. Estimate the IOtal acres of upland habitat to be treated (do not include acres of upland habitat affected by livestock 
water developments (to nearest 0. 1 acres) 

% Estimate the percentage of upland activity costs applied to Livestock Manure Management. [f you do not select 
Livestock Manure Management as an upland habitat activity. leave this value blank. Example: Your project will 
relocate afeedlot to relluce livestock manure runoff. You estimated that 33% of the total project cost will apply to 
upfand habitat activities and one half afthe upland improvements costs will apply to the feedlot relocation. you would 
report 50%. 

Road Activities' p rOjec/s . d eSlgne dt . a Improve roa hlChkll Impacts to waters el s. c"' " ~roI2ose d t' .( ae I VI les. 

0 
0 

Road drainage system and surface improvements & reconstruction 0 Other (explain): __ 

Road closure, relocation, obliteration (decommissioning) 

% Estimate the percentage of total cost of the project applied to road activities 

Ill!. Estimate the miles of road treated (to nearest 0.01 mile) 

20/3- /5 OW£B Res/()/'{/r;oll Applicatioll - AU(lclimef/{ 0 - April 2013 Page 6 



Urban Impact Reduction ' Ch k II r im . ec a 0 l ieu an lmQaCI re ate d h "1\ be xl. b I ' aellVilles t a t WI usc y. I liS QTO\CCt: 

0 Sewage outfall clean·up or reducing outfall) 0 Bioswales 

0 Pesticide reduction: list names of each pesticide: __ 0 Detention Facility 

0 Toxin (other than pesticide) reduction (herbicides, mine dredge 0 Other urban impac t reduclion (explain): - -
tailings, other toxies): list names of each toxic species, eleme nt or 
material : 

o Stonnwater/wastewatcr modification or treatment (includes rain 
gardens) 

Chkllfh ec a 0 t I' I' e water qua Ity Imltmg actors a dd res!\e db y t Ie Um an mrael R d c uCllon acuvlUcs se cete d bo a VC. I) o not sc eel 
limiting facton;. addressed by other types of restoration activities: 

0 Bacteria 0 Pestic ides 0 Nutrients 

0 Dissolved Oxygen 0 Toxies 0 Sediment 

0 Heavy Metals 0 High Temperature 0 Other (explain) : _ _ 

__ % Estimate the percentage of total cost of the proj(,,'Ct applied to urban impact activities 

Wetland Habitat: Projects designed to create or improve wetland or meadow oreas. 

Check 110 a ro~se d .. ac IV! les. 

0 Wetland planting 0 Artific ial wetland area created from an area not formerl y a 

0 

0 

wetland 

Non-native/nox iouslinvasive plant contro l 0 Other (explain): __ 

Wetland improvement/restoration of existing or historic 
wetland (other than vegetation planting or removal) 

'Y. Estimate the percentage oftolal cost of the projcct applied to \\-'Ctland habitat activities 

ac. Estimate the acres o f wetland habitat to be treated for non-nati ve/nox iouslinvasive plants (to nearest 0.1 acres) 

llC. Estimate the acres of artific ial wetland created (to nearest 0.1 acres) 

ac. Estimate the total acres of wetland habitat (existing or historic) treated (to ncarest 0.1 acres) 

Estuarine Habitat: Projects that re.\·ult in improvement or increase in the avai/ability oj e.wuarine hahitat. 
Check all oroooscd act"v ·f cs I I I .. 

0 

0 

0 

0 

Estuarine planting 0 Placcment offill material (for proper terrestrial function) 

Channel modification/creation (e.g., improve intertidal 0 Non-native/noxious plant control 
fl ow to existing estuarine habitat or create more habitat) 

Dike or benn modification/removal o Creation of new estuarine habitat where one did not exist 
previously by methods o ther than tidegates or dikes 

Removal of ex isting fi ll material o Other (explain): __ 

% Estimate the percemage of total cost of the project applied to estuarine habitat activities 

ac. Estimate the acres of estuarine habitat to be treated for non-native/noxious plants (to nearest 0.1 acres) 

ae. Estimate the tOtal acres of estuarine habitat (existing o r bistoric) to be treated (to nearest 0. 1 acres) 
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INTRODUCTION 

This document was prepared to fulfill certain requirements in Oregon Administrative Rules (OAR) 690-
350-0110 through 0130 in support of the application for artificial recharge (AR) Limited License LL1433.  
The Hudson Bay District Improvement Company (HBDIC) is the owner of the project, which will be jointly 
managed with the Walla Walla Basin Watershed Council (WWBWC).   The application for Limited License 
LL1433 was submitted to the Oregon Water Resources Department (OWRD) in September 2012.  The 
HBDIC project includes up to seven recharge facilities located at different sites.  Because of the unique 
nature of this project with distributed recharge facilities, as well as the availability of a body of 
information from other related or nearby recharge projects, OWRD staff requested that the applicant 
provide a summary compilation of the hydrogeologic information relevant to the overall project area 
and specific recharge sites, as well as a monitoring plan for the AR project.  This document has been 
prepared in response to OWRD’s request.   

The objectives of the document are three-fold: (1) summarize the hydrogeologic setting of the recharge 
sites listed in the application for LL1433,(2) present a proposed source water and groundwater 
monitoring plan and (3) present a proposed water level monitoring plan (groundwater and surface 
water).  All of these document elements were prepared in support of the Limited License application.  
The project described in this document and to be permitted under LL1433 is a multi-site aquifer 
recharge (AR) project.  The recharge sites included in this project are referred to as Anspach, Trumbull, 
Hulette Johnson, NW Umapine, Dugger, Barrett, and ODOT (Figure 1).  At this time only one of these 
sites, Hulette Johnson, is active.  Pilot testing at the other sites will be initiated as the HBDIC and 
WWBWC are able to complete infrastructure improvements necessary to operate the sites.   Current 
information regarding each of the seven sites, including recharge facilities, local hydrogeologic 
conditions and proposed monitoring, are summarized in this report. 

Water quality data collected from three active sites (Hewlett-Johnson, Stiller Pond and Locher Road) and 
one inactive site (Hall-Wentland) in the greater Walla Walla Basin have shown that AR activities 
conducted to-date in the Walla Walla Basin have not lead to degradation of the alluvial groundwater 
system (GSI, 2009a, 2009b; WWBWC, 2010).  Given this, the dispersed nature of the individual AR sites, 
and the common source water for this proposed program, the monitoring approach described herein  
focused on evaluating the effects of each recharge season on water quality using a dispersed, but 
integrated, monitoring network.   

The balance of this document includes the following: 

1. A summary of AR sites to be covered under LL1433 and project goals. 
2. A description of alluvial aquifer hydrogeology in the project area and immediate vicinity of each 

site.   
3. The scope of the proposed monitoring effort, including: 

a. Proposed number, locations, and physical characteristics of monitoring points. 
b. Constituents to be monitored for. 
c. Sample collection frequency. 

4. Quality assurance and quality control (QA/QC) elements. 
5. Reporting. 
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AQUIFER RECHARGE SITES AND PROJECT GOALS 

Project Goals 

The overarching goal of the proposed aquifer recharge projects is to restore and maintain the shallow 
alluvial aquifer for the benefit of people, the environment and wildlife.  Specific goals of the projects 
include: (1) stopping and reversing the declines seen in the shallow alluvial aquifer system throughout 
the Walla Walla Valley, (2) reducing the hydraulic gradient away from streams and creeks in the valley to 
reduce surface water seepage, especially during dry summer months, and (3) restoring flows to springs 
that have either dried up or have reduced flow. . 

Recharge planned to be conducted under Limited License LL1433 will occur at seven separate sites 
shown in Figure 1. Of the seven sites listed under LL1433, one is currently active.  The active site, Hulette 
Johnson (also commonly referred to in the past as the Hudson Bay site) has been actively monitored for 
several years while operating under limited license LL1189, which is still in effect.  This section 
summarizes the basic physical layout and planned sequencing of construction and operation of each of 
the seven sites.   

Hulette Johnson 

The Hulette Johnson site is an operational recharge site consisting of a combination of infiltration basins 
and infiltration galleries.  The recharge capacity of the site ranges between 15 to 18 cubic feet per 
second (cfs).  The site is located between County Road 650 and Hogden Road in SE ¼, SW ¼, Sec. 33, 
T6N, R35E, northwest of Milton-Freewater, OR (Figures 1, 2 and 3). There are 7 wells on or very near the 
site, including: 3 up-gradient wells (GW40, GW39 and GW41), one mid-site well (GW45), and 5 down-
gradient wells (GW35, GW46, GW47, GW48, and GW118). Wells GW45, GW46, GW47, and GW48 are 
purpose-built monitoring wells which were drilled and constructed as a part of the original operation of 
the site several years ago.  These wells have been used at various times for water quality monitoring and 
as part of the basin-wide WWBWC water level monitoring network.  The other wells noted here also 
have been used in the basin-wide water level monitoring network.  The Hulette Johnson site will be 
operated during the 2012/2013 recharge season under the existing limited license LL1189 until issuance 
of LL1433.     

Recharge source water is delivered to the site from the White Ditch.  Water delivery and infiltration 
basin operation is managed by HBDIC.  The infiltration galleries are managed by the WWBWC. 

Anspach 

The Anspach site is currently under construction and will be brought into use in late 2012, pending 
issuance of the new limited license.  The Anspach site is planned to consist of an approximately 5 cfs 
infiltration gallery located east of Winesap Road in NW ¼, NW ¼, Sec. 30, T6N, R35E, just outside of 
Milton-Freewater, OR (Figures 1, 2, and 4).  There is an existing well (GW135) located at the up-gradient, 
southeastern corner of the proposed site. A second existing well (GW23) is located generally down 
gradient of, and west southwest of, the proposed site.  These are water wells that have been adapted 
for use in the basin-wide water level monitoring network.  A purpose-built monitoring well, designated 
PMW2, is currently proposed for the east side of the proposed site.   

Recharge source water will be delivered by diverting from the HBDIC canal just west of where it crosses 
Old Milton Highway/Lamb Street.  Water will flow through a pipeline either along the north or south 
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edge of the property to the south of the canal and then turn south to deliver water to the project 
property.   HBDIC will be in charge of diverting recharge water to the site from the canal.   

Trumbull 

The Trumbull site will consist of a 3 to 5 cfs infiltration gallery, which will be located between the 
Umapine Highway and Trumbull Road in NW ¼, SW ¼, Sec. 27, T6N, R34E northwest of Milton-
Freewater, OR (Figures 1, 2, and 5).   The Trumbull site will be brought into use in late 2012, pending 
issuance of the limited license.  There are no existing monitoring wells located at the site.  However, an 
existing purpose-built monitoring well (GW117) used in the basin-wide water level monitoring program 
is located approximately 0.3 to 0.4 miles east and up-gradient of the site.  Two proposed purpose built 
wells, PMW3 and PMW4, currently are planned for locations generally 0.3 to 0.4 miles to the west and 
northwest of the Trumbull site (Figure 5).  These locations are generally down gradient of the proposed 
site, and tentatively planned for installation in the autumn of 2012.     

Recharge source water would be delivered to the site from the North Lateral into an infiltration gallery.  
HBDIC will be responsible for diverting water to the site.   

NW Umapine 

The NW Umapine site is planned to consist of a 5 cfs infiltration basin located north of the Umapine-
Stateline Road and west of State Road 332 in SW ¼, SE ¼, T6N, R34E just northwest of Umapine, OR 
(Figures 1, 2 and 6).  The NW Umapine facility is anticipated to be brought on line in late 2012/early 
2013, pending issuance of the limited license.  The infiltration basin will be built in a previously 
excavated pit that exists on the site.  Only a portion of the pit will be used as an infiltration basin.  There 
are no monitoring wells or observation wells present on the site.  Existing wells in the general area of 
the site include GW34, GW36, GW63, and GW119, all of which are part of the basin-wide water level 
monitoring network.  GW119 is a purpose built monitoring well which the others are water wells which 
have been adapted for use in the water level monitoring network.  Two new purpose built wells are 
proposed for the area of this site, PMW1 located to the south-southeast and PMW5 located just to the 
west.   

Recharge source water would be diverted from the Richartz pipeline to the basin.  HBDIC will manage 
water to the site by a turn out from the Richartz pipeline. 
 

Barrett 

The proposed Barrett recharge facility will be located at a site between County Road 517 and Chuckhole 
Lane in SW ¼, SE ¼, Sec. 34, T6N, R35E, between the Anspach and Hewlett-Johnson sites (Figures 1, 2, 
and 7).  The recharge facility is currently planned to consist of an infiltration gallery capable of 3 cfs of 
recharge, and is planned to be brought online in late 2012/early 2013.  Only one well is in the immediate 
vicinity of this site, well GW62, which is located up gradient of the facility.  This well is a water well 
adapted for use in the basin-wide water level monitoring program. 

Recharge source water will be delivered from the Barrett pipeline into the currently proposed 
infiltration gallery.  HBDIC will be responsible for operating the diversion into the site.   
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Dugger 

This proposed recharge facility will be located at a site between Phillips Road and Ringer Road in NW ¼, 
SE ¼, Sec. 30, T6N, R35E (Figures 1, 2, and 8). The site is planned to be brought into operation in late 
2013/early 2014, and the final design of the site has not yet been determined.  There are two existing 
monitoring wells near the site, both part of the basin-wide water level monitoring network. Well GW36 
(a water well) is located just north of the proposed site, and likely transverse to the groundwater flow 
direction in the area.  This well, and a more distal, existing, purpose-built monitoring well, GW119, also 
located transverse to the anticipated groundwater flow direction, would at a minimum have utility in 
tracking water level changes in the area of the proposed site.  On new purpose built monitoring well is 
proposed for the site.  It (PMW1) would be located just west of the proposed recharge facility. 

Water will be diverted off the White Ditch to feed the project.  HBDIC will manage water to the site by a 
turn out from the ditch. 

ODOT 

The ODOT site is located SW ¼, NW ¼, Sec. 34, T6N, R35E (Figures 1, 2, and 9).  The site is planned to be 
brought into operation in late 2013/early 2014.  The facility is tentatively planned to consist of an 
infiltration basin.  Water will be delivered to the site from the White Ditch, upstream of the Hulette 
Johnson site. Once the design for the site is finalized and planned monitoring points have been 
established, this monitoring plan will be amended to incorporate the updated information for the site. 

WALLA WALLA BASIN HYDROGEOLOGIC SETTING 

The goal of this section is to present a summary of alluvial aquifer hydrogeologic conditions regionally 
and within area of the HBDIC multi-site AR project.  This summary is intended to provide the physical 
framework, or context, for the planned monitoring.  It is not intended to provide detailed information 
about the groundwater system of the Walla Walla Valley.  In addition, it does not include a discussion or 
summary of the deeper basalt aquifer systems underlying the area.  For more details of area 
hydrogeology, the reader is referred to Newcomb (1965), Barker and McNish (1976), GSI (2007, 2009a, 
2009b) and WWBWC (2010) and other citations as presented herein. 

Hydrostratigraphy 

Five alluvial sediment hydrostratigraphic units are mapped in the project area, including: (1) Quaternary 
fine unit, (2) Quaternary coarse unit, (3) Mio-Pliocene upper coarse unit, (4) Mio-Pliocene fine unit, and 
(5) Mio-Pliocene lower coarse unit.  Figure 10 illustrates the stratigraphic relationships between the 5 
mapped units and top of basalt. The following sections describe the basic physical characteristics of each 
suprabasalt sediment unit and top of basalt.  

Quaternary Units 

Quaternary Fine Unit 

Newcomb (1965) and several subsequent investigators (Fecht and others, 1987; Busacca and 
MacDonald, 1994; Waitt and others, 1994) described a variety of Quaternary aged fine (clay/silt/fine 
sand dominated) units in the area of the Walla Walla Basin. Above elevations of approximately 1150 to 
1200 feet above mean sea level (msl), these strata consist predominantly of loess. Isolated hills found on 
the valley floor and much of the upland area north of the Walla Walla River consist predominantly of 
Missoula flood deposited silt and sand referred to as the Touchet Beds. Reworked flood deposits and 
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loess form local accumulations of fine strata across the valley floor near major streams. These strata are 
grouped into a single unit referred to as the Quaternary fine unit. The thickness of this unit varies 
greatly, depending on local topography, depth of stream incision, and original depositional patterns.  

Variation in unit thickness and its absence locally, especially along modern stream courses, likely reflects 
both depositional factors and post-deposition erosion. For example, the wide distribution of the 
Quaternary fine unit around the northern edge of the Basin primarily reflects widespread deposition 
followed by localized deep erosion along relatively, ephemeral stream courses. Conversely, the fact that 
the unit is thin to absent along major stream courses (notably the Touchet River, Walla Walla River, and 
Mill Creek) likely reflects, at least in large part, the erosive effects of these major streams incising into 
and removing Pleistocene Cataclysmic Flood deposits and eolian deposited fines. 

Quaternary Coarse Unit 

Uncemented and nonindurated sandy to gravelly strata is found in the shallow subsurface beneath 
much of the Basin. These gravely deposits are basaltic, moderately to well bedded, have a silty to sandy 
matrix, and contain thin, local silt interbeds. These uncemented and nonindurated basaltic gravels 
generally are equivalent to Newcomb’s (1965) younger alluvial sand and gravel and are referred to 
currently as the Quaternary coarse unit. This sequence of uncemented gravel is interpreted to record 
stream deposition in the Walla Walla Basin by streams draining off the adjacent Blue Mountains. These 
streams are inferred to include the ancestral courses of the modern stream drainage.   Based on 
stratigraphic relationships the Quaternary coarse unit predates, is contemporaneous with, and post-
dates Missoula flood deposits. Given this, the Quaternary coarse unit probably ranges in age from a few 
years old to as old as 1 million years or more.  

Both depositional and erosional mechanisms can explain Quaternary coarse unit distribution. Its planar-
tabular distribution in the Milton-Freewater area and the area beneath and east of Walla Walla probably 
reflects deposition in shallow, braided channel complexes on an active (or recently active) braid plain. To 
the west, elongate patterns may reflect gravel deposition down the topographically low axis of the Basin 
as it has existed in the recent geologic past (last 1 to 2 million years). The elongate areas where the unit 
is absent potentially reflect areas of non-deposition because of the absence of channels and/or post-
depositional erosion. The highs and lows apparent in the top of this unit along the base of the Horse 
Heaven Hills are interpreted to be related to the deformation and uplift of these hills. During that uplift, 
the surface of the unit has been deformed, in some areas uplifted, in other areas, down-dropped. 

Mio-Pliocene Strata 

The primary basin-filling alluvial strata in the Basin include a sequence of indurated sand, gravel, 
siltstone, and claystone generally equivalent to Newcomb’s (1965) old gravel and clay. Based on 
lithologic and stratigraphic relationships these indurated suprabasalt sediments are inferred to have a 
Miocene to late Pliocene age (10+ to ~3 million years old).  These strata are subdivided into three 
mappable units – Mio-Pliocene upper coarse unit, Mio-Pliocene fine unit, and Mio-Pliocene basalt 
coarse unit.    

Mio-Pliocene Upper Coarse Unit  

The Mio-Pliocene upper coarse unit consists of a sequence of variably cemented sandy gravel, with a 
muddy to sandy, silicic to calcic matrix. This unit underlies much of the Walla Walla Basin. Field 
reconnaissance reveals thin, localized, discontinuous caliche at the top of these strata at some locations.  
Based on physical characteristics displayed by analogous strata in rare outcrops, field reconnaissance, 
and a small number of borehole log descriptions these strata are predominantly basaltic in composition 
and typically have a slightly too well developed red, red brown, and yellow brown color.  The Mio-
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Pliocene upper coarse unit generally is continuous beneath the entire Basin, being absent only in a few, 
relatively small areas.  

Isopach data for this unit shows that it varies greatly in thickness, ranging from just a few feet thick to 
over 500 feet thick. The thickest accumulations of the unit tend to be along the southern edge of the 
Basin adjacent to the base of the Horse Heaven Hills where it generally ranges from 200 to more than 
500 feet thick, and along the eastern edge of the Basin.  The unit is interpreted to have been deposited 
predominantly in a braided stream system by the ancestral Walla Walla River, Mill Creek, and larger 
tributaries. These streams delivered large volumes of coarse detritus onto the basin floor as it subsided 
and the bounding uplands were uplifted. Generally, these streams merged into a single, main Walla 
Walla River ancestral stream that generally flowed to the west, much like the modern stream. In 
addition, faulting may also have played a role in unit distribution.  

Mio-Pliocene Fine Unit  

The Mio-Pliocene upper coarse unit generally is underlain by fine deposits variously described as silt, 
clay, sandy clay, and sandy mud having blue, green, gray, brown, and yellow colors. These strata are 
designated the Mio-Pliocene fine unit. This unit is thickest in the northeastern, north, central, and 
western Basin where it can range between 300 and 500 feet thick. These areas generally are located 
north and west of areas of thickest accumulation of the overlying Mio-Pliocene upper coarse unit. 
Depositional, erosional, and structural factors similar to those that are interpreted to affect the 
overlying unit also are interpreted to have had a role in controlling Mio-Pliocene fine unit distribution.  

Mio-Pliocene Basal Coarse Unit 

The basal coarse unit consists of arkosic-micaceous sand and silt in the basal portion of the Mio-Pliocene 
section directly overlying basalt. These strata form an interval several tens of feet to over 100 feet thick. 
This unit, with its distinctive arkosic mineralogy, is very different petrographically from other strata 
comprising the Mio-Pliocene sequence in the Basin. Because of this distinctive mineralogy, this unit is 
inferred to have been deposited by the ancestral Salmon-Clearwater River, which entered the Basin 
from the north.  

Top of Basalt 

The alluvial sequence overlies the Columbia River Basalt Group (CRBG) beneath the entire basin area.  
The top of the CRBG, while irregular, forms the base of the alluvial sequence, and it generally appears to 
dip downwards off the highlands surrounding the Basin, in to the center of the Basin.  Given this, the top 
of basalt in the Basin ranges from the ground surface around the basin margins, to a depth of over 800 
feet near the center of the basin.  

Alluvial Aquifer Hydrogeology 

Groundwater in the Walla Walla Basin region occurs in two principal aquifer systems: (1) the unconfined 
to confined suprabasalt sediment (“alluvial”) aquifer system which is primarily hosted by Mio-Pliocene 
conglomerate and Quaternary Coarse Unit, and (2) the underlying confined CRBG aquifer system 
(Newcomb, 1965). 

The majority of the alluvial aquifer is hosted by Mio-Pliocene strata, although the uppermost part of the 
aquifer is found, at least locally, in the overlying Quaternary coarse unit.  The alluvial aquifer is generally 
characterized as unconfined, but it does, at least locally, display evidence of confined conditions. 
Variation between confined and unconfined conditions within the aquifer system is probably controlled 
by sediment lithology (e.g., facies – coarse versus fine) and induration (e.g., cementation, compaction).  
Groundwater movement into, and through, the suprabasalt aquifer also is inferred to be controlled by 
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sediment lithology and induration.  Generally, the deeper portions of the alluvial aquifer unit are more 
likely to exhibit confined conditions relative to the shallower portions of the aquifer.    

Aquifer Properties 

Given the physical properties of the Quaternary course unit (non-indurated sand and gravel) versus 
those of the Mio-Pliocene upper coarse unit (e.g., finer matrix and the presence of naturally occurring 
cement), the Mio-Pliocene upper coarse unit probably has generally lower permeability and porosity 
than the Quaternary coarse unit.  Consequently, suprabasalt aquifer groundwater flow velocities are 
inferred to be less where the water table lies within the Mio-Pliocene strata and/or the gradients are 
higher than where it lies within the younger, more permeable Quaternary strata.  In addition, where the 
Quaternary coarse unit is saturated, this uncemented, high permeability gravel and sand may form 
preferred pathways for groundwater movement and areas of increased infiltration capacity in the 
shallow parts of the suprabasalt aquifer system.   

Very little hydraulic property information is available for the alluvial aquifer system. Newcomb (1965) 
reports average effective porosity of 5 percent in his old gravel (i.e., the Mio-Pliocene upper coarse 
unit).  Given the physical characteristics of the overlying Quaternary coarse unit, we suspect its average 
effective porosity is higher.  

Basin-wide estimates of the hydraulic properties of alluvial aquifer system were made by Barker and 
Mac Nish (1976) as part of their effort to produce a digital model of this aquifer system.  This modeling 
work used estimated hydraulic conductivity of 1.5x10-4 feet/second to 7.6x10-3 feet/second and 
transmissivity of 10,000 feet2/day to 60,000 feet2/day for the entire alluvial aquifer system. As with 
Newcomb’s (1965) effective porosity estimate, we suspect hydraulic conductivity and transmissivity 
would be higher in saturated Quaternary coarse unit strata than in the saturated Mio-Pliocene upper 
coarse unit. 

Groundwater Level and Flow Direction 

Recent efforts by the WWBWC have begun to build a picture of alluvial aquifer water level conditions in 
the eastern and southern Walla Walla Basin.  This data is compiled and available online at WWBWC 
website at http://www.wwbwc.org.  Figure 11 is a water table map for the basin built from these data.  
Based on these data, and earlier investigations the following basic observations relative to alluvial 
aquifer water level and flow direction can be made: 

 Groundwater flow in the alluvial aquifer system generally is from east to west. Locally this flow 
may converge towards the Walla Walla River and other streams where the alluvial aquifer water 
table is higher than the stream.  Where this occurs, streams are, in part, fed by groundwater 
discharge.  However, along many reaches of the Walla Walla River and other streams in the 
Basin, the alluvial water table may at least locally be below the bed of the stream during some 
or all of the year.  When and where this occurs, such stream reaches probably lose water to the 
alluvial aquifer, thus acting as a recharge source for groundwater. 

 Water level within the alluvial aquifer varies seasonally.  Barker and MacNish (1976, p. 25) 
determined that the month of January was the time of year when this aquifer is under the 
smallest amount of pumping stress and that water table most reflect unmodified conditions.  In 
some portions of the Basin, seasonal changes in the water table elevation can be as great as 50 
feet (Newcomb, 1965; Pacific Groundwater Group, 1995).   

http://www.wwbwc.org/
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 Groundwater level declines have been ongoing for a number of years, although recent AR 
efforts have reversed these trends at least locally near existing sites, in particular the Hulette 
Johnson site (WWBWC, 2010 – attached as Appendix E).   

Aquifer Recharge and Discharge 

Recharge to the alluvial aquifer is derived from infiltration of surface waters (e.g., where streams enter 
the basin), leakage from irrigation ditches, applied irrigation water, direct precipitation, and to a lesser 
extent leakage from the CRBG aquifer system (Newcomb, 1965; Barker and MacNish, 1976; Pacific 
Groundwater Group, 1995). The majority of this recharge probably occurs in the spring when streams 
flowing into the Basin reach peak discharges.  Precipitation on parts of the Basin floor where the 
Quaternary coarse unit and older the Miocene-Pliocene upper coarse unit lie at, or near, the surface 
may also provide some natural recharge.  Evaluation of these various sources of recharge to the alluvial 
aquifer suggests that direct precipitation and applied irrigation water are the dominant sources of 
recharge (Bauer and Vaccaro, 1990; Pacific Groundwater Group, 1995; WWBWC, 2010). With flood 
control and channelization of the Walla Walla River and smaller streams, natural recharge via infiltration 
from surface waters has probably decreased with continued development. 

Artificial recharge of the alluvial aquifer from agricultural practices and water conveyance systems has 
become an important component of the Basin’s hydrologic system since the 1920’s and 1930’s.  This 
recharge is thought to have historically contributed water to at least some shallow water wells and 
springs (Newcomb, 1965; WWBWC, 2010).  Artificial recharge probably occurs through irrigation ditch 
leakage and infiltration past the root zone in irrigated fields.  With the advent of ditch/channel lining 
and reduction in the practice of flood irrigation, this type of recharge has probably decreased. Reduced 
natural and artificial recharge and pumping account for decreased alluvial aquifer water table levels.  
Decline in water table levels in-turn probably account for reduced spring flows and base level discharge 
to the Walla Walla River.   

Discharge from the alluvial aquifer occurs in a number of ways, including direct discharge to streams, 
springs and seeps, pumped water wells, evapotranspiration, and localized leakage to the CRBG aquifer 
system (Newcomb, 1965; Barker and Mac Nish, 1976; Pacific Groundwater Group, 1995).   

Alluvial Aquifer Water Quality 

Historical water quality data available include a groundwater quality report prepared by Richerson and 
Cole (2000) and source water and groundwater quality reporting done for several AR sites, including the 
Hulette Johnson site.  Based on Richerson and Cole (2000), the Hulette Johnson site data (WWBWC, 
2010), and groundwater quality data collected from other AR sites in the Walla Walla Basin (GSI, 2009a, 
2009b) some basic observations with respect to alluvial aquifer water quality can be made, including the 
following:  

 With respect to nutrient type constituents, including nitrate-N, TKN, phosphate, and ortho-
phosphate water quality in the area generally has not been significantly degraded. In addition, 
the groundwater down gradient of AR sites generally show declines in constituent 
concentrations, which are interpreted to reflect dilution of ambient groundwater concentrations 
by lower concentration AR water.   

 Other parameters, such as TDS, chloride, and electrical conductivity also commonly show 
evidence of down gradient reductions attributed to AR activities.  These trends are interpreted 
as evidence of dilution of these parameters in groundwater by AR water. 
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 The synthetic organic compound (SOC) data indicate that AR operations have essentially no 
influence on SOC’s present in groundwater.   

 In addition to these observations, the Hall-Wentland data are instructive as they show the 
importance of natural leakage from surface waters (which typically are the same waters these 
AR sites use for source water) in influencing local groundwater chemistry.  

RECHARGE SITE HYDROGEOLOGY 

Building on the preceding summary of basin wide hydrogeologic conditions, the following sections 
provide basic highlights of specific hydrogeologic conditions at each HBDIC project AR site. Geologic 
cross-sections for each site are built from the WWBWC’s basin wide geologic and hydrogeologic model.   

Hulette Johnson 

Figure 12 provides a geologic cross-section of the Hulette Johnson site.  Geologic units present in the 
vicinity of the site are as follows: 

 Quaternary fines unit:  This unit is interpreted to be essentially absent from this site, although 
thin surface occurrences are present offsite to the west and east.  In addition, excavation work 
during infiltration gallery construction revealed a thin, local surface silty-sand that could be 
assigned to this unit.  Nevertheless, where present in the immediate area, the unit is generally 
less than 10 feet thick. 

 Quaternary coarse unit: This unit forms the uppermost geologic unit across the site area (except 
for the localized fines noted in the preceding bullet).  Beneath the site the unit generally is 
interpreted to be 20 to 30 feet thick.     

 Mio-Pliocene upper coarse unit: This unit underlies the entire site area and is interpreted to 
range from approximately 120 to 200 feet thick.   

 Mio-Pliocene fine unit: This unit also underlies the entire site area where it is interpreted to be 
approximately 250 to 350 feet thick, increasing to the west-northwest.   

 Mio-Pliocene basal coarse unit:  This unit is not present beneath the site 

 Top of Basalt:  Beneath the site the top of basalt generally deepens to the west-northwest, 
ranging from approximately 425 feet bgs to 600 feet bgs. 

The hydrogeology of the Hewlett-Johnson site is better understood than the other sites because of its 
active status, and has been previously reported on in WWBWC (2010). The alluvial aquifer water table 
generally varies between the basal part of the Quaternary coarse unit and the upper part of the Mio-
Pliocene upper coarse unit, rising and falling seasonally and in response to AR and canal operations.  
Depth to water varies seasonally from 10 to 50 feet bgs according to on-site monitoring wells. 
Groundwater flow at the site generally is towards the northwest.  The table below shows water volumes 
delivered to the Hulette Johnson site for each recharge season (Nov-May). 
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Anspach 

Figure 13 provides a geologic cross-section of the Anspach site.  Geologic units present at the Anspach 
site are as follows: 

 Quaternary fines unit:  This unit is interpreted to not be present at the site, but it is mapped in 
the area just to the west where it is less than 1 foot to approximately 20-30 feet thick. 

 Quaternary coarse unit: At the site this unit is interpreted to extend from the ground surface 
downwards approximately 60 to 70 feet.   

 Mio-Pliocene upper coarse unit: This unit is approximately 70 feet thick in the immediate vicinity 
of the site.  To the east it is interpreted to directly overlie basalt.  To the west it overlies the Mio-
Pliocene fine unit.  

 Mio-Pliocene fine unit: This unit is mapped as pinching out directly beneath the site.  Just to the 
west and northwest of the site it is interpreted to thicken, as the top of basalt gets deeper. 

 Mio-Pliocene basal coarse unit:  This unit is not present beneath the site 

 Top of Basalt:  The site is interpreted to overlie an area where the top of basalt gets deeper just 
a short distance to the west.  At and beneath the eastern part of the site top of basalt may be as 
little as 100 feet below ground surface (bgs).  To the west it is interpreted to be over 250 feet 
bgs. 

The alluvial aquifer water table generally lies at or near the top of the Mio-Pliocene upper coarse unit.  
Depth to water varies from about 15-35 feet depending on season (irrigation/non-irrigation).  
Groundwater flow direction in the alluvial aquifer at this site is interpreted to generally be to the west-
northwest. 

Trumbull 

Figure 14 provides a geologic cross-section of the Trumbull site.  Note, the specific location of the 
infiltration gallery currently envisioned for this site has yet to be determined.  Geologic units present in 
the vicinity of the Trumbull site are as follows: 

 Quaternary fines unit:  This unit is only present in the area west of County Road 332.  In that 
area it is less than 1 foot to approximately 15 feet thick. 

 Quaternary coarse unit: This unit forms the uppermost geologic unit across the proposed site 
area where it is interpreted to range from 30 to 50 feet thick, thinning and pinching out to the 
west.     

 Mio-Pliocene upper coarse unit: This unit underlies the entire site area and is interpreted to 
range from approximately 220 to 250 feet thick, thickening to the west.   

 Mio-Pliocene fine unit: This unit also underlies the entire site area where it is interpreted to be 
approximately 300 feet thick.   

 Mio-Pliocene basal coarse unit:  This unit is not present beneath the site 

 Top of Basalt:  Beneath the site the top of basalt generally deepens to the west-northwest, 
ranging from approximately 550 feet bgs to 650 feet bgs. 

The alluvial aquifer water table generally lies in the Quaternary coarse unit, resulting in the entire Mio-
Pliocene upper coarse unit being saturated.   In the immediate vicinity of the site depth to groundwater 
generally is 20 feet or less.  However, a series of seasonal springs north of the site suggest groundwater 
in this area can be much shallower, at least seasonally.  To the west, the depth to water is 45 feet bgs or 
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greater just to the east of this site in well GW117.  The groundwater flow direction is interpreted to be 
to the west-northwest. 

NW Umapine 

Figure 15 provides a geologic cross-section of the NW Umapine.  Geologic units present in the vicinity of 
the site are as follows: 

 Quaternary fines unit:  This unit is interpreted to be present in the site area where it may be as 
much as 20 feet thick.  However, at the site itself it is absent because it was removed during the 
excavation of the pit that will be used as the AR facility.   

 Quaternary coarse unit: This unit is mapped to be present in the site area, but it is interpreted to 
be very thin, possibly less than 10 feet thick.  As with the Quaternary fine unit, it is interpreted 
to be absent (as it was removed during digging) in the excavated pit which is planned as the AR 
facility.   

 Mio-Pliocene upper coarse unit: This unit underlies the entire site area and is interpreted to 
range from approximately 200 to 250 feet thick.  The existing pit identified as the candidate 
location for the infiltration basin is excavated into the top of the Mio-Pliocene upper coarse unit. 

 Mio-Pliocene fine unit: This unit also underlies the entire site area where it is interpreted to be 
approximately 200 feet thick.   

 Mio-Pliocene basal coarse unit:  This unit is not present beneath the site 

 Top of Basalt:  Beneath the site the top of basalt generally lies at a depth of 500 feet bgs.   

The depth to the alluvial aquifer water table is approximately 25 to 30 feet bgs (based on well GW34), 
which places the water table in the uppermost part of the Mio-Pliocene upper coarse unit.  

Barrett 

Figure 16 provides a geologic cross-section of the Barrett site.  Geologic units present in the vicinity of 
the site are as follows: 

 Quaternary fines unit:  This unit is interpreted to be absent beneath the site.   

 Quaternary coarse unit: This unit is interpreted to underlie the entire site area, ranging from 
approximately 30 to 50 feet thick.   

 Mio-Pliocene upper coarse unit: This unit also underlies the entire site area and is interpreted to 
range from approximately 110 to 130 feet thick.   

 Mio-Pliocene fine unit: This unit also underlies the entire site area where it is interpreted to be 
approximately 100 to 120 feet thick.   

 Mio-Pliocene basal coarse unit:  This unit is not present beneath the site 

 Top of Basalt:  Beneath the site the top of basalt appears to dip to the west-northwest and it lies 
at depths of 240 to 260 feet.   

Beneath the Barrett site, the alluvial aquifer water table appears to generally lie at, or near, the bottom 
of the Quaternary coarse unit, at a depth of approximately 30 to 35 feet bgs.  The groundwater flow 
direction at the site is generally to the northwest. 
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Dugger 

Figure 17 provides a geologic cross-section of the Dugger site.  Geologic units present in the vicinity of 
the site are as follows: 

 Quaternary fines unit:  This unit is interpreted to be present across most of the site area where 
it is interpreted to range from approximately 10 to 20 feet thick.  Just to the south of the site the 
unit appears to pinch out.   

 Quaternary coarse unit: This unit is interpreted to underlie the entire site area, ranging from 
approximately 20 to 30 feet thick.   

 Mio-Pliocene upper coarse unit: This unit also underlies the entire site area and is interpreted to 
range from approximately 110 to 130 feet thick.   

 Mio-Pliocene fine unit: This unit also underlies the entire site area where it is interpreted to be 
300, or more, feet thick.   

 Mio-Pliocene basal coarse unit:  This unit is not present beneath the site 

 Top of Basalt:  Beneath the site the top of basalt appears to dip to the south, towards the Horse 
Heaven Hills.  The top of basalt is interpreted to be approximately 475 to 525 feet bgs.   

Beneath the Dugger site, the alluvial aquifer water table appears to generally lie at, or near, the bottom 
of the Quaternary coarse unit, at a depth of approximately 20 feet bgs.  Although regional water level 
(Figure 11) shows groundwater flow to the west-northwest, Figure 17 suggests local water level may 
differ from this, at least at some times during the year.  This will be evaluated further during site 
preparation work.  If this flow direction proves to be correct, it is interpreted to be a local phenomenon. 

ODOT 

Figure 18 provides a geologic cross-section of the ODOT site.  Geologic units present in the vicinity of the 
site are as follows: 

 Quaternary fines unit:  The Quaternary fine unit is interpreted to be absent  this site. 

 Quaternary coarse unit: This unit is interpreted to be approximately 20 to 30 feet thick at the 
site.   

 Mio-Pliocene upper coarse unit: This unit is interpreted to be as much as 200 feet thick at the 
site.     

 Mio-Pliocene fine unit: This unit underlies the entire site area and is interpreted to be 
approximately 200 feet thick.   

 Mio-Pliocene basal coarse unit:  This unit is not present beneath the site 

 Top of Basalt:  Beneath the site the top of basalt is interpreted to the northwest, ranging from 
depths of approximately 400 to 475 feet.   

Beneath the ODOT site the alluvial aquifer water table appears to generally occur within the upper part 
of the Mio-Pliocene upper coarse unit, at a depth of approximately 30 to 40 feet bgs.  The direction of 
groundwater flow at the site is generally towards the northwest. 

PROPOSED MONITORING PLAN 

This section presents the monitoring plan for the proposed multi-site AR limited license.  This plan 
includes the following elements: source water and groundwater quality sampling and analysis, water 
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level monitoring, and recharge water flow rate measurements.  The proposed plan focuses on the 
objective of assessing the impacts to alluvial aquifer groundwater of the entire multi-site AR program.  
The following sections explain how this monitoring approach would be implemented, locations and 
constituents proposed for monitoring, and other supporting information relative to the monitoring 
program. 

Water Quality Monitoring 

Water quality monitoring for this multi-site AR project will integrate source water quality data from 
several locations in the canal delivery system with groundwater quality data collected from multiple 
locations to assess the impacts on area groundwater of the entire AR program.  Under this 
programmatic approach individual AR facilities will be monitored to a greater or lesser extent in support 
of the entire program.  This proposed programmatic approach was developed from evaluation of data 
from recharge projects in the region using similar source waters (Appendix A).  Water quality sampling 
will be done for field parameters, cations, anions, metals, and synthetic organic compounds (SOC).  
Specifics regarding these are described in the following sections. 

Water Sample Collection and Analysis for Field Parameters, Cation/Anions, and Metals 

Recharge source water and alluvial groundwater will be sampled twice during each recharge cycle for 
analysis of a select list of indicator constituents considered to be most representative of the potential 
for AR degradation of alluvial aquifer groundwater quality, based on recharge water sources, adjacent 
land uses, and a review of AR data collected to-date at several sites in the Walla Walla Basin.  The list of 
proposed analytes for is assembled using data from previous and on-going AR operations in the region 
using similar source water.  Basic elements of the water quality sampling and analysis include the 
following: 

 Samples will be collected at monitoring points listed in the following sections twice each 
recharge cycle: (1) within one week of the start of recharge operations, and (2) within one week 
after termination of each recharge season, commonly in May.   

 Each sample will be analyzed for the following constituents: pH, temperature, electrical 
conductivity, dissolved oxygen, nitrate-N, TKN, sulfate, chloride, calcium, alkalinity, ortho-
phosphate, sodium, total organic carbon, potassium, aluminum, magnesium, iron (dissolved), 
and manganese (dissolved).  Table 1 lists these analytes and recommended analytical methods 
and method reporting limits. 

 Turbidity, total dissolved solids, and total suspended solids data also will be collected to support 
operational goals, but not reported as a part of this monitoring plan. 

Table 1. Proposed analyte list, analytical methods, and method reporting limits. 

Analyte Analytical method Method reporting limit (mg/L) 

pH - - 
Temperature (oC) - - 

Electrical conductivity (mS/cm) - - 
Dissolved oxygen (mg/L) - - 

Total organic carbon SM 5310B 0.5 
Nitrate-N (mg/L) EPA 300.0 0.1 

TKN (mg/L) SM 4500 N B 0.1 
Sulfate (mg/L) EPA 300.0 0.1 
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Analyte Analytical method Method reporting limit (mg/L) 

Chloride (mg/L) EPA 300.0 0.1 
Alkalinity (mg/L) SM232OB 5 
Calcium (mg/L) EPA 200.7 0.1 

Ortho-phosphate (mg/L) EPA 300.0 0.1 
Sodium (mg/L) SPA 200.7 0.1 

Potassium (mg/L) EPA 200.7 0.1 
Magnesium (mg/L) EPA 200.7 0.1 
Aluminum (mg/L) EPA 200.7 0.01 

Iron (dissolved) (mg/L) EPA 200.7 0.01 
Manganese (dissolved) (mg/L) EPA 200.7 0.05 

 

SOC Sample Collection and Analysis 

A single SOC alluvial groundwater sample will be collected each season.  This sample will be collected 
within one week after termination of each recharge season, commonly in May.  The same analyte list 
currently sampled for at the Hulette Johnson site is proposed for this monitoring plan.  These are as 
follows: 

 Rubigan (Fenarimol) 

 Ridomil (Metalxyl) 

 Systhane/Rally (Myclobutanil) 

 Devrinol (Napropamide) 

 DDD-DDE-DDT 

 Elgetol (DNOC sodium salt) 

 Alar/B-Nine (Daminozide) 

 Lindane (Lindane) 
 

Source Water Quality Monitoring Locations 

Source water quality sampling will be conducted at several locations in the canal and pipeline recharge 
water conveyance system.   Source water monitoring sites will be in the distribution system at select 
locations up-stream of AR facilities.  Specific source water monitoring locations, both existing and 
potential future locations, are shown on Figure 19 and are as follows: 

 Source water monitoring location S-1 will be established in the White Ditch canal up-stream of 
the proposed diversion to the Anspach site.  Samples from this location represent source water 
diverted to the Anspach site and the Barrett site.  Also, this location is up-stream of all recharge 
sites and this is considered representative of overall source water conditions. 

 Source water monitoring location S-2 will be established on the White Ditch canal immediately 
upstream of the proposed diversion for the ODOT and Trumball site.  This site is representative 
of source water quality diverted to the Hulette-Johnson site, ODOT site, and the Trumball site. 

 Source water monitoring point S-3 will be established at the up-stream end of the Richartz 
Pipeline to represent source water delivered to the NW Umapine site.  
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Groundwater Quality Monitoring Locations 

Groundwater quality monitoring will be conducted at monitoring points located to evaluate overall AR 
program impacts on up-gradient and down-gradient water quality for the multi-site AR project and also 
provide site-specific water quality data for specific AR locations to be operated under the proposed 
limited license.  

Planned 2012/2013 recharge season groundwater monitoring locations (all in wells built to the 
monitoring well standard) and the general rationale for each are listed below and shown on Figure 2. 

 PNW2: provides up gradient monitoring for the entire project and specifically for the Anspach 
and Barrett sites. 

 GW46: provides down gradient monitoring for the Hulette Johnson site.  

 GW117: provides water quality information for the central region of the AR program, and up 
gradient monitoring for the Trumball site.   

 PNW3: provides down gradient coverage for the Trumbull site. 

 GW119: provides up gradient coverage for both the NW Umapine site and it would provide a 
programmatic monitoring location further down gradient than the aforementioned wells do. 

 PMW5: provides down gradient monitoring for the NW Umapine site and it provides the 
furthest down gradient monitoring point in the entire program.  

o This well will be the sampling location for the proposed SOC sampling event at the 
conclusion of each recharge season. 

Data from these 6 wells, when combined with the source water data collected at the three locations 
named in the preceding section will be used to interpret water quality impacts of the entire proposed 
AR program.  As this program develops it is anticipated that these monitoring locations will be 
periodically re-evaluated and potentially modified.  One modification would be the addition of proposed 
well PMW-1 to the area immediately down gradient of the Dugger site.  This monitoring system could 
expand or contract as the number of individual AR sites covered by it changes, such as when new sites 
are added or old sites are decommissioned.   

Flow and Water Level Monitoring 

Surface Flow Monitoring 

Flow monitoring will be done in the canals or pipes feeding each individual AR site.  The objective of flow 
monitoring is to document the volumes of water delivered to each AR site during its operations.  A flow 
monitoring point has already been established for the Hulette Johnson site, and it will continue to be 
used for this project.  For the other sites these monitoring points will be established as each facility 
becomes operational. 

Each aquifer recharge site will have either a rated intake structure (Hulette Johnson) or have a flow 
meter installed at the diversion from the irrigation canal (Anspach, Barrett, NW Umapine, ODOT, 
Trumbull).  Water volume delivered to each site will be collected and stored by the WWBWC and 
reported to OWRD in a written annual report which will include digital data.  See Figure 20 for surface 
water monitoring locations.  See Appendix B for details on surface measurement protocols and data 
management. 
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Groundwater Level Monitoring 

The WWBWC currently maintains a water level monitoring program in the area of this project.  Figure 2 
shows the locations of wells in the WWBWC program in the project area and Figure 20 shows the 
WWBWC Oregon monitoring network.  With the addition of 5 new wells shown on Figure 2, this project 
proposes to use the WWBWC water level monitoring program to track water level changes related to 
the proposed AR efforts.  See Appendix C for groundwater level data and details on groundwater level 
monitoring protocols and data management. 

Groundwater level monitoring locations provide useful information on aquifer recharge influences to 
the shallow aquifer.  Wells were located to try to capture up-gradient to down-gradient influences from 
individual recharge projects.  However, based upon limited funding and the spatial nature of the aquifer, 
it is not possible to have wells at every desired location.  Wells in the water level network provide year 
round data for analysis of groundwater changes during recharge activities and also for longer term 
analysis of groundwater recovery (i.e. increased groundwater storage).  Many of the wells used for 
monitoring have secondary hydraulic influences other than aquifer recharge.  Wells located near the 
White Ditch show responses to ditch activity.  A few wells may show draw down caused by pumping 
from other wells.   See Appendix D for details on well locations (GPS coordinates) and UMAT numbers.  
Groundwater level data will be included in digital format with the written annual report. 

SAMPLING AND ANALYSIS PROCEDURES 

The equipment needs and sampling procedures proposed for this investigation are provided in the 
following sections. 

Water Level Measurements 

A static water level measurement will be obtained from each well prior to initiating water quality 
sampling.   An electronic water level meter will be used to measure the depth to groundwater in each 
well to the nearest 0.01 foot.  Static water levels must be measured prior to introducing any purging or 
sampling equipment in the well. Each measurement will be taken against the reference point located on 
top of the well casing. The static water levels in all wells should be measured on the same day for each 
site. Coordination with periodic sampling of other wells in the vicinity should be attempted. 

Water Sampling Equipment 

Sampling will be conducted using the following specific equipment, as follows:   

 Submersible pump (Grundfos or similar) or dedicated bailers/sampling line. 

 Temperature measuring instrument. 

 pH and specific conductivity meter(s) with calibration reagent. 

 Water level meter (0.01 ft resolution). 

 Shipping cooler(s) with ice packs or ice. 

 Five gallon pail marked at the 5 gallon level, stopwatch. 

 Laboratory supplied sample containers with appropriate preservatives. 

 Tap water, deionized water, phosphate-free soap, cleaning brushes, log sheets or field 
notebook. 

 Chain of custody forms. 

Additional information relative to periodic and contingent sampling is described below. 
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Decontamination  

All non-disposable field equipment that may potentially come in contact with any soil or water sample 
shall be decontaminated in order to minimize the potential for cross-contamination between sampling 
locations.  Thorough decontamination of all sampling equipment shall be conducted prior to each 
sampling event.  In addition, the sampling technician shall decontaminate all equipment in the field as 
required to prevent cross-contamination of samples collected in the field.  The procedures described in 
this section are specifically for field decontamination of sampling equipment. 

At a minimum, field-sampling equipment should be decontaminated following these procedures: 

 Wash the equipment in a solution of non-phosphate detergent (Liquinox or equivalent) and 
distilled or deionized water.  All surfaces that may come in direct contact with the samples shall 
be washed.  Use a clean Nalgene and/or plastic tub to contain the wash solution and a scrub 
brush to mechanically remove loose particles.  Wear clean latex, plastic, or equivalent gloves 
during all washing and rinsing operations. 

 Rinse twice with distilled or deionized water. 

 Dry the equipment before use, to the extent practicable. 

Water Quality Sampling Procedures 

Low Flow Sampling Protocol 

The purpose of using low flow rates during low-flow purging is to avoid mobilization of formation solids 
and reduce purge volumes required to achieve collection of a sample representative of aquifer water 
quality. This technique is premised on minimizing drawdown of the aquifer and stabilization of field 
parameters prior to and during sample collection. Pump flow rates should be less than or equal to the 
yield of the well, so that a stabilized pumping water level is achieved as quickly as practical, in order to 
then expedite the stabilization of the indicator parameters. 
 
Minimal-drawdown procedures should consist of evacuating the total volume of groundwater present in 
the sampling system to clear the well pump, tubing, and flow cell, if used, of any stagnant water left 
from prior sampling events. In general, a minimum of one (1) volume of the sampling system (i.e. pump, 
associated tubing, flow cell, etc.), must be purged. The maximum flow rate is determined by pumping at 
a rate, which allows for stabilization of the water level surface within the well. Field measurements 
should be initiated at the start of purging and continued at evenly spaced intervals until stabilization. 
Measurements of the indicator parameters must be taken at a frequency based on the time it takes to 
purge one (1) volume of the pump, associated tubing, and flow cell. For example, if the volume of the 
pump, associated tubing, and flow cell is 500 mL and the well is being purged at 250 mL/minute, the 
pump, associated tubing, and flow cell will be purged in two (2) minutes. Therefore, measurements 
must be taken at least two (2) minutes apart. 
 
Purging will be continued until the final three consecutive measurements for each parameter agree to 
within 10% of each other prior to sample collection. Measurements should be taken at appropriate 
intervals during the purging process to determine stabilization. Once stabilization has been achieved, 
sampling can be conducted at the same rate. 
 
Bailers may be used to collect samples from select wells if a suitable pump is not available or other 
circumstances require (e.g. if there is inadequate volume to use a pump). Bailers should be made of 
suitable inert materials (such as stainless steel, PVC, or Teflon), when monitoring for organic 
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compounds.  PVC bailers with non-glued joints may also be used.  When bailers are used, the bailer cord 
shall be fastened securely to the bailer and shall be constructed of nylon, stainless steel, or 
polypropylene, and be specifically manufactured for use in the collection of environmental samples. This 
cord must be new, clean, and in good condition. Care should be taken not to excessively disturb the 
column of water in the well casing. Gently lower the bailer into the well with each cycle. The sampler’s 
knowledge of the depth to water will help in this regard. Attempt to lower the bailer into the water only 
to the extent necessary to fill or nearly fill the chamber. Avoid submerging the top of the bailer. 
Calibration records should be recorded on the sample collection forms and/or field notebook. 

Sample Collection 

Samples are collected once water quality parameters have stabilized sufficiently to vary less than 10% 
between three consecutive readings.   Groundwater samples should be collected in the shortest possible 
time subsequent to purging the well. Discharge from a bailer will be controlled to minimize agitation 
and aeration.  Sample containers should be sealed with tape, labeled, and immediately placed in a 
cooler with ice.  Sample containers should be filled completely to eliminate head space.  Sample 
containers are provided by the analytical laboratory and should be requested at least one week in 
advance of the sampling.  The containers should meet specifications for size, type, and preservatives for 
parameters analyzed and all shipping coolers should have chain-of-custody seals placed on them prior to 
shipping.  Well identification will be omitted from all sample identifications numbers and laboratory 
paperwork so that all samples can be analyzed in the laboratory without reference to well identification. 

Sample Preservation and Holding Time 

Samples should be stored immediately after collection in an ice chest containing sufficient ice to cool 

the samples to 4 degrees Celsius (C).  Use “blue ice” if possible.  If water ice must be used, seal each 
bottle in a plastic bag.  Make sure the ice is sealed in plastic bags too.  Samples should remain cooled at 

4C and delivered to the laboratory within 24 hours of collection.  Sample receipt at the laboratory must 
be sooner if analysis includes parameters with a shorter holding time.  Care should be taken to prevent 
excessive agitation of samples or breakage/leakage of containers.  Samples should be analyzed within 
the specified holding time for each constituent.  One additional sample should be collected from one of 
the wells for quality control purposes.  The well identification should be omitted from laboratory 
paperwork so the sample can be evaluated as a “blind duplicate.” 

Resampling   

If monitoring results indicates a significant increase in the concentration of a monitored parameter for a 
well, the well will be resampled within one week of the receipt of analytical results that show the 
significant change.  An increase or decrease is significant when the change can be considered statistically 
significant.  Determination of a significant change in groundwater concentration is customarily done 
either by assessing concentrations in relation to established concentration limits or by using a statistical 
analysis.  

Chain of Custody and Sample Handling 

A chain-of-custody form will be completed and signed by the sampler on the day of sample collection.  
The chain-of-custody form must be signed by laboratory personnel upon receipt and any other 
individuals that maintain custody of the samples in the interim.  An example chain-of-custody form is 
attached. 

Coolers should be sealed and shipped or driven to the lab as soon as possible.  The method of shipping 
(bus, next day air, etc.) is usually determined by the parameter having the shortest holding time.  In any 
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case, shipping times of more than 24 hours should not be used as the cooler(s) may warm and 
compromise sample quality. 

Quality Assurance and Quality Control (QA/QC) 

Field Records:  All field notes, analytical results, and other pertinent data associated with the site should 
be maintained in a secure location and be archived for at least a five year period.  Maintaining records 
will also facilitate tracking of environmental trends at the site. 

Data Validation:  Data validation for both field and lab QA/QC can be performed using a checklist.  All 
pertinent information with respect to QA/QC will be checked.  The following items are included: 

 Completeness of field data sheets and observation (observations are used to check for 
potentially erroneous data) 

 Completeness of chain-of-custody 

 Holding times for all constituents 

 Field blind duplicate results 

 Laboratory method blanks, matrix spike, and matrix spike duplicates 

 Surrogate percent recovery 

 Completeness of laboratory quality control (duplicates, standards, QC samples) 

 Comparisons between duplicates 

Specific QA/QC guidance with respect to field blanks, field duplicates, and background data are 
summarized in the following bullets. 

 Field blanks: Once per sampling event a blank sample with known concentrations of the 
monitored constituents will be included in the samples sent to the analytical laboratory.  The 
field blank will be purchased from a scientific supply vender such as Hach.   

 Field duplicates:  Once per sampling event one additional sample will be collected from one of 
the wells for quality control purposes.   

REPORTING 

Primary reporting for this monitoring plan will focus on annual reports completed following the end of 
each recharge season, per OWRD requirements for the limited license and AR projects.  The basic goals 
of the annual reports will be to: (1) analyze the data to evaluate how trends related to AR operations are 
influencing groundwater quality and (2) based on the results of that analysis provide recommendations 
(if any) for adjustments to the monitoring program and AR operations. In addition to annual reporting 
the monitoring data collected as described herein will be provided to OWRD and ODEQ on a periodic 
basis to facilitate data transfer and project communications.     
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Figure 10. Suprabasalt sediment stratigraphy in the Walla Walla Basin as used in this report. 
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DISTRIBUTION LIST 
This document will be made available to the public, agencies and grant funders through the Walla 

Walla Basin Watershed Council’s website (www.wwbwc.org).  Internal distribution of the 

document will occur through the WWBWC’s internal server.  All field and technical personnel will 

be given an electronic copy of this document.  A printed version will be available in the WWBWC 

office.  This document will be redistributed to personnel and uploaded to the WWBWC server and 

website upon revision. 

  

http://www.wwbwc.org/
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BACKGROUND AND PROJECT DESCRIPTION 
The Walla Walla Basin Watershed Council’s Watershed Monitoring Program includes more than 60 

surface water sites, more than 100 groundwater sites, 10 water temperature sites, and more than a 

dozen water quality sites.  The monitoring program covers almost the entire watershed starting in 

the upper reaches of the rivers and extending to the valley floor near where the Walla Walla River 

drains to the Columbia River.  This document describes the WWBWC’s Watershed Monitoring 

Program and includes the standard operating procedures used to collect environmental and 

hydrologic data.   

PROGRAM AREA 
The area of study for the Walla Walla Basin Watershed Council’s Quality Assurance Program Plan 

includes the entire Walla Walla Watershed (Figure 1).   

Monitoring locations for this program are spread throughout the valley (Figure 2), however the 

majority of the work conducted under this plan will take place on the valley floor Northwest of 

Milton-Freewater, OR, Southwest of Walla Walla, WA, and East of Touchet, WA.  Aspects of the 

program (i.e. seepage runs) encompass other portions of the basin including almost the entire 

lengths of the Walla Walla River, the Touchet River and Mill Creek. 

 

 
Figure 1.  Map of the Walla Walla Watershed. 
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PROJECT GOALS & OBJECTIVES 
This monitoring program’s goal is collect, organize, analyze and distribute hydrology related data 

for use by the WWBWC and other partners as projects are located, designed, installed and 

monitored so restoration in the Walla Walla Basin moves forward with knowledge of current and 

historic trends.  The following objectives will achieve the program’s goal. 

 Collection of quality data utilizing well-established scientific protocols for 
monitoring activities. 

 Organization of data into a functional system to allow use and analysis of data.  
Data must be organized and accessible for it to be useful. 

 Analyzing data allows for trends and patterns to be determined.  From these 
analyses we can determine how the basin is responding to changes (both 
environmental and project based). 

 Distribution of data is critical.  All of the above objectives can be completed, but 
without distribution of the data to other partners there cannot be a cohesive 
direction for restoration in the basin.   

Figure 2. WWBWC Watershed Monitoring Program surface and groundwater monitoring locations. 
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ORGANIZATION AND SCHEDULE 

WALLA WALLA BASIN WATERSHED COUNCIL PERSONNEL 
 

Name Position Main Tasks Email 
Brian Wolcott Executive Director Program Management brian.wolcott@wwbwc.org 

Steven Patten 
Senior Environmental 

Scientist 
Program Management & data 

collection and analysis 
steven.patten@wwbwc.org 

Troy Baker GIS/Geodatabase Analyst 
Geodatabase management & 
data collection and analysis 

troy.baker@wwbwc.org 

Wendy Harris Operations Manager 
Program/Operations 

Management and Oversight 
wendy.harris@wwbwc.org 

Will Lewis Environmental Scientist Data collection and analysis will.lewis@wwbwc.org 
Lyndsi Hersey Environmental Scientist Data collection and analysis lyndsi.hersey@wwbwc.org 

Chris Sheets Fiscal Technician 
Fiscal Oversight and 

management 
chris.sheets@wwbwc.org 

Graham Banks Science Educator Outreach and Education graham.banks@wwbwc.org 
 

The Walla Walla Basin Watershed Council’s phone number is: 541-938-2170 

 

PROGRAM PARTNERS 
The Walla Walla Basin Watershed Council works with many partners throughout the basin to 

collect the monitoring data in the program.  Program partners include: Hudson Bay District 

Improvement Company (HBDIC), Walla Walla River Irrigation District (WWRID), Gardena Farms 

Irrigation District #13 (GFID), Oregon Water Resources Department (OWRD), Washington 

Department of Ecology (WDOE), Confederated Tribes of the Umatilla Indian Reservation (CTUIR), 

City of Walla Walla, City of Milton-Freewater, City of College Place, Walla Walla Watershed 

Management Partnership (WWWMP), Tri-State Steelheaders (TSS), Oregon Department of Fish and 

Wildlife (ODFW), Washington Department of Fish and Wildlife (WDFW), Washington Water Trust, 

The Freshwater Trust, Walla Walla University, Whitman College, Oregon Department of 

Environmental Quality (ODEQ), and many businesses and individual landowners in the basin. 

 

 

 

 

 

mailto:brian.wolcott@wwbwc.org
mailto:steven.patten@wwbwc.org
mailto:troy.baker@wwbwc.org
mailto:wendy.harris@wwbwc.org
mailto:will.lewis@wwbwc.org
mailto:lyndsi.hersey@wwbwc.org
mailto:chris.sheets@wwbwc.org
mailto:graham.banks@wwbwc.org
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PROGRAM SCHEDULE 
The WWBWC’s monitoring program is an on-going process.  A general schedule of activities is 

described in the table below: 

Monitoring Activity Year-round or Seasonal General Schedule 

Surface Flow (River) Year-round and Seasonal 

Sites are visited every other week to collect 
staff gauge measurements and perform 

general site maintenance.  Manual discharge 
measurements and other data are collected 
during ~6 visits each year.  A few river sites 

are only monitored seasonally during summer 
and fall base flows. 

Surface Flow (Streams, 
Springs & Ditches) 

Year-round 

Sites are visited 4-5 times a year to download 
data, conduct manual flow measurements, 
perform site maintenance and collect other 

data. 

Groundwater Level 
Monitoring 

Year-round 

Sites are visited ~4 times a year to download 
data, conduct manual groundwater level 

measurements, perform site maintenance and 
collect other data. 

Water Temperature (River) Seasonal 
Data loggers are deployed in late spring or 

early summer and retrieved late fall or early 
winter dependent upon river flows. 

Evaporation-Transpiration 
(ET) Stations 

Year-round 
Sites are visited ~3-4 times a year to 

download data and perform site maintenance. 

Scour Chains and Bed 
Stability 

Seasonal 
Sites are visited ~2-3 times a year to collect 

data, conduct channel survey and perform any 
maintenance. 

Seepage Analysis Seasonal 

Seepage runs occur twice a year on each river 
system.  Typically runs are conducted late 

spring or early summer and late summer or 
early fall.   

Water Quality Sampling 
(SAR) 

Seasonal 

Water quality sampling is done during the 
shallow aquifer recharge season which 

typically starts in November and continues 
through May. 

Water Quality Sampling 
(PSP) 

Seasonal 
Water quality sampling is done from March till 

June during the typical pesticide application 
time period. 

Data Analysis and 
Distribution 

Year-round 

As data are collected, analyzed and 
incorporated into the WWBWC’s database as 
provisional.  Data are reviewed at the end of 

each water year. 
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QUALITY OBJECTIVES 
 

Parameter Check Standard Duplicate Samples 
Water Temperature ± 0.5 °C (NIST Thermometer) ± 0.2 °C 

pH ± 0.1 pH units ± 0.1 pH units 
Specific Conductance ± 5% of standard ± 5% of reading 

Dissolved Oxygen ± 0.2 mg/L ± 0.1 mg/L 
Groundwater Level Measurement N/A ± 0.01 feet 
Manual Discharge Measurement N/A ± 10% 

Tape Down Measurement N/A ± 0.02 feet 
Vertical Staff Gauge Measurement N/A ± 0.02 feet 

 

STUDY DESIGN 
Monitoring locations were determined by availability to measure parameter of interest (e.g. 

groundwater can only be measured at wells or bore holes or high discharge measurements can only 

be taken at bridges).  Professional judgment was also utilized in the placement of monitoring 

locations if multiple sites were available.  Many monitoring locations were determined based upon 

anthropogenic changes to the system (e.g. irrigation diversions, flood control structures or 

restoration projects).   

Sampling locations and frequency cover temporal and spatial variability within the valley.  For 

example, monitoring surface flow sites 4-6 times per year allows for data collection to include high 

and low flow periods based upon environmental changes.  The schedule provided for each sampling 

parameter tries to accommodate temporal variability throughout the year. 

The current study design is structured for two main functions.  The first function is to provide 

baseline and/or trend monitoring for the hydrologic system within the Walla Walla Basin - are 

conditions improving, remaining the same or getting worse?  The second function is to provide 

effectiveness monitoring for projects (habitat restoration, irrigation efficiency, aquifer recharge and 

others) occurring in the Walla Walla Basin. 

The data collected under these standard operating procedures will help answer hydrologic and 

restoration questions such as (but not limited to): 

 Are surface flows increasing in the Walla Walla River?  If present, can the increases be 
attributed to conservation effects? 

 Are groundwater levels declining in the alluvial aquifer?  If so, is aquifer recharge helping to 
restore aquifer storage?  Can declines be attributed to piping projects or other irrigation 
efficiency projects? 

 Are water temperatures in the Walla Walla River improving over time?  Where are the 
hottest locations?  Are habitat projects improving water temperature? 
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FIELD MEASUREMENTS 
The majority of sampling for this program will occur in the field.  Refer to the table below for which 

samples will be collected in the field and a sampling schedule for each. 

Measurement Parameter Monitoring Program Schedule 
River/Stream Discharge Surface Flow Monitoring 4-6 times per year 

Water Temperature Surface Flow Monitoring 4-6 times per year 
Specific Conductance Surface Flow Monitoring 4-6 times per year 

Staff Gage Reading Surface Flow Monitoring 
4-6 times per year (20+ for 
mainstem gage locations) 

Elevation Reference Checks Surface Flow Monitoring 4-6 times per year 
Channel Survey Surface Flow Monitoring 1 every 2-3 years 

Groundwater Level 
Measurement 

Groundwater Monitoring 4 times per year 

Groundwater Temperature Groundwater Monitoring 4 times per year 
Specific Conductance Groundwater Monitoring 4 times per year 
Surface/Groundwater 

Temperature 
Recharge Water Quality 

Monitoring 
2-3 times per year 

Surface/Groundwater Specific 
Conductance 

Recharge Water Quality 
Monitoring 

2-3 times per year 

Surface/Groundwater 
Dissolved Oxygen 

Recharge Water Quality 
Monitoring 

2-3 times per year 

Surface/Groundwater pH 
Recharge Water Quality 

Monitoring 
2-3 times per year 

Channel Survey Scour Chains & Bed Stability 2-3 times per year 
Scour Chain Measurement Scour Chains & Bed Stability 2-3 times per year 

Pebble Counts Scour Chains & Bed Stability 1-2 times per year 
Longitudinal Survey Scour Chains & Bed Stability 1 time per year 
Water Temperature River Temperature Monitoring 2-3 time per year 

River/Stream Discharge Seepage Runs 2 times per year per river 
Water Temperature Seepage Runs 2 times per year per river 

Specific Conductance Seepage Runs 2 times per year per river 
 

LABORATORY MEASUREMENTS 
Some of the water quality sampling that is conducted under this plan requires laboratory level 

analysis.  Some of the sampling parameters and schedules are listed in the table below. 

Sampling Parameter Monitoring Program Schedule 
pH Recharge Water Quality Monitoring 2-3 times per year 

Electrical Conductivity Recharge Water Quality Monitoring 2-3 times per year 
Dissolved Oxygen Recharge Water Quality Monitoring 2-3 times per year 

Nitrate-N Recharge Water Quality Monitoring 2-3 times per year 
Total Organic Carbon Recharge Water Quality Monitoring 2-3 times per year 

Total Kjehldahl Nitrogen (TKN) Recharge Water Quality Monitoring 2-3 times per year 
Sulfate Recharge Water Quality Monitoring 2-3 times per year 

Chloride Recharge Water Quality Monitoring 2-3 times per year 
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Sampling Parameter Monitoring Program Schedule 
Calcium Recharge Water Quality Monitoring 2-3 times per year 

Alkalinity Recharge Water Quality Monitoring 2-3 times per year 
Ortho-Phosphate Recharge Water Quality Monitoring 2-3 times per year 

Sodium Recharge Water Quality Monitoring 2-3 times per year 
Potassium Recharge Water Quality Monitoring 2-3 times per year 

Magnesium Recharge Water Quality Monitoring 2-3 times per year 
Aluminum Recharge Water Quality Monitoring 2-3 times per year 

Iron (dissolved) Recharge Water Quality Monitoring 2-3 times per year 
Manganese (dissolved) Recharge Water Quality Monitoring 2-3 times per year 

PCBs Recharge Water Quality Monitoring 2-3 times per year 
Chlorinated Pesticides Recharge Water Quality Monitoring 2-3 times per year 

Herbicides Recharge Water Quality Monitoring 2-3 times per year 
Primary and Secondary 

contaminants listed in WAC 
173-200, Table 1 

Recharge Water Quality Monitoring 2-3 times per year 

SAMPLING PROCEDURES 

WATER QUALITY SAMPLING (GROUNDWATER) 
Groundwater sampling is conducted utilizing the following procedures.  The general overview of 

groundwater sampling includes gathering equipment, measuring the initial water level, installing a 

submersible pump in the well, purging the well at a low flow rate, collecting and labeling all 

required samples and delivering them to the lab or shipping company.  Details on parameters 

sampled for each site can be found in its monitoring and reporting plan. 

Note: this procedure is modified from: 

Marti, 2011.  Standard Operating Procedure for Purging and Sampling Monitoring Wells.  Washington State Department of 

Ecology – Environmental Assessment Program.  EAP078. 

EQUIPMENT 

 Sampling field data sheets (see below) or field notebook 
 Chain of Custody form 
 Water level measuring equipment (e-tape) 
 Water quality meters and probes (Temperature, Specific Conductance, pH & Dissolved 

Oxygen) 
 Submersible pump 
 Pump controller 
 Tubing and connectors 
 Sample bottles/containers 
 Cooler 
 Ice 
 Deionized water 
 Diluted Bleach solution 
 Non-phosphate soap 
 Nitrile or latex gloves 
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 First aid kit 
 Well keys 
 Camera 
 Paper towels or clean rags 
 Plastic sheet for keeping equipment clean 
 Buckets (5-gallon or similar for purge volumes) 
 1 liter container (for purge volumes) 
 Socket set 
 Screwdriver(s) 

 

PURGING AND SAMPLING 

1. Check well for any changes or potential hazards. 
2. Make sure equipment has been cleaned and decontaminated (see below for details).  Spread 

plastic or other material if needed to keep equipment clean. 
3. Wear clean disposable gloves (latex or Nitrile) while performing purging and sampling.  If 

gloves become contaminated or dirty replace with new gloves. 
4. Make sure field water quality meters are calibrated according to the manufacturer’s 

instructions. 
5. If well is equipped with a pressure transducer, note how it is installed and its position to 

replace it after sampling.  Remove the pressure transducer from the well.  Note the time the 
pressure transducer was removed from the well on the data sheet or in the field notebook. 

6. Measure the static water level in the well (see Groundwater Level and Temperature 
protocol below for details). 

7. Measure the depth of the well or refer to the well log to determine the depth of the well. 
8. Calculate the length of the water column.  Calculate the volume of water in the well using 

the following values: 2” well = 0.1631 gallons per linear foot, 4” = 0.6524 gallons per linear 
foot (Equation used for water volume calculation – Volume (gal/ft) = πr2(7.48 gal/ft3) 
where r is the radius of the well and 7.48 is the conversion factor). 

9. Install the submersible pump into the well.  Be sure to slowly lower the pump into the well 
and through the water to avoid stirring up particulates.  Place the pump in the middle of the 
screen section of the well (refer to well log to determine the open interval for pump 
placement). 

10. Once the pump is installed correctly re-measure the static water level to monitor during 
purging. 

11. Start purging.  Set the pump controller to the desired pumping rate (~1 liter/minute).  See 
notes from previous sampling for pumping rate. 

12. Ideally, wells should be purged and sampled at flow rates at or less than the natural flow 
conditions of the aquifer in the screen interval to avoid drawing down the water level in the 
well.  Use water level measurements to help adjust pumping rates to prevent well 
drawdown.  Purging should not cause significant drawdown (considered to be 5% of the 
total height of the water column).  If drawdown is significant, reduce pumping rate until 
water levels stabilize at an appropriate level. 

13. Record pumping rate on the data sheet or field notebook. 
14. Discharge evacuated water as far as possible from the wellhead and work area. 
15. During purging and sampling water flow should be smooth and consistent without bubbles 

in the tubing. 
16. Once pumping rate has been determined and flow has stabilized, start collecting field 

parameters (water temperature, specific conductance, pH and dissolved oxygen) at regular 
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intervals.  The measurement interval will depend upon the pumping rate (typically 2-5 
minutes between measurements). 

17. Record field parameters, water level measurement, and estimated amount of water purged.  
Note any changes in purged water’s appearance (clear, turbid, odor, etc.). 

18. Continue purging well until field parameters stabilize.  Parameters should be considered to 
be stabilized when 3 consecutive measurements fall within the following ranges: 
 

Field Parameter Stabilized Range 
Temperature ± 0.1 ° Celsius 

Specific Conductance <1000       ± 10 µs/cm 
Specific Conductance >1000       ± 20 µs/cm 

Dissolved Oxygen < 1 mg/L ± 0.05 mg/L 
Dissolved Oxygen > 1 mg/L ± 0.2 mg/L 

pH ± 0.1 pH units 
 

19. Collect samples once field parameters have stabilized.  Do not stop or change pumping rate 
during the final phase of purging and sampling.  

20. Collect most sensitive analytes first (i.e. organics) followed by less sensitive analytes (i.e. 
nutrients).  This order can be modified if using sulfuric or nitric acid preservatives to 
prevent contamination of sulfate and/or nitrogen samples. 
Collect any duplicate or quality control samples (see below for details). 

21. Place samples in an ice-cooled cooler for delivery to the lab or shipping company.  Make 
sure samples do not freeze during transport. 

22. Complete chain of custody form.  Record sample date and time, final water level and 
estimated total purge volume on the data sheet or in the field notebook.  Also record any 
comments or observations regarding the purging and sampling process. 

23. Replace pressure transducer if the well was equipped with one.  Note re-install time on the 
data sheet or in the field notebook. 

24. Clean and disinfect sampling equipment for next sampling event. 
 

DECONTAMINATION  

All non-disposable field equipment that may potentially come in contact with any soil or water 

sample shall be decontaminated in order to minimize the potential for cross-contamination 

between sampling locations.  Thorough decontamination of all sampling equipment shall be 

conducted prior to each sampling event.  In addition, the sampling technician shall decontaminate 

all equipment in the field as required to prevent cross-contamination of samples collected in the 

field.  The procedures described in this section are specifically for field decontamination of 

sampling equipment. 

At a minimum, field-sampling equipment should be decontaminated following these procedures: 

 Wash the equipment in a solution of non-phosphate detergent (Liquinox or equivalent) 
and distilled or deionized water.  All surfaces that may come in direct contact with the 
samples shall be washed.  Use a clean Nalgene and/or plastic tub to contain the wash 
solution and a scrub brush to mechanically remove loose particles.  Wear clean latex, 
plastic, or equivalent gloves during all washing and rinsing operations. 
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 Rinse twice with distilled or deionized water. 

 Dry the equipment before use, to the extent practicable. 

 

WATER QUALITY SAMPLING (SURFACE WATER) 
Surface water sampling is conducted utilizing the following procedures.   

Note: this procedure is a modified from: 

Anderson, 2011.  Standard Operating Procedure for Sampling of Pesticides in Surface Waters.  Washington State Department 

of Ecology – Environmental Assessment Program.  EAP003. 

EQUIPMENT 

 Sampling field data sheets (see below) or field notebook 
 Chain of Custody form 
 Water quality meters and probes (Temperature, Specific Conductance, pH & Dissolved 

Oxygen) 
 Sample bottles/containers 
 Cooler 
 Ice 
 Deionized water 
 Diluted Bleach solution 
 Non-phosphate soap (Liquinox or similar) 
 Nitrile gloves 
 First aid kit 
 Camera 
 Paper towels or clean rags 
 Plastic sheet for keeping equipment clean 
 Screwdriver(s) 

 

SAMPLING 

1. Check for any changes or potential hazards. 
2. Make sure equipment has been cleaned and decontaminated (see below for details).  Spread 

plastic or other material if needed to keep equipment clean. 
3. Wear clean disposable gloves (Nitrile) while performing purging and sampling.  If gloves 

become contaminated or dirty replace with new gloves. 
4. Make sure field water quality meters are calibrated according to the manufacturer’s 

instructions. 
5. Collect required field water quality parameters and record on data sheet.  Also note weather 

conditions 
6. Fill out labels on each sample bottle with all necessary information. 
7. Samples will be collected using the “Grab Sample” method described in EAP 003. 
8. Take sample bottles and sampling equipment to the sample site and put on nitrile gloves. 
9. Carefully collect samples by filling each container with water from the site.  Note marked fill 

lines or preservatives to prevent over or under filling of the sample bottle.   
10. Collect any duplicate or quality control samples (see below for details). 
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11. Place samples in an ice-cooled cooler for delivery to the lab or shipping company.  Make 
sure samples do not freeze during transport. 

12. Complete chain of custody form.  Record sample date and time on the data sheet or in the 
field notebook.  Also record any comments or observations regarding the sampling process. 

13. Clean and disinfect sampling equipment for next sampling event. 
 

DECONTAMINATION  

All non-disposable field equipment that may potentially come in contact with any soil or water 

sample shall be decontaminated in order to minimize the potential for cross-contamination 

between sampling locations.  Thorough decontamination of all sampling equipment shall be 

conducted prior to each sampling event.  In addition, the sampling technician shall decontaminate 

all equipment in the field as required to prevent cross-contamination of samples collected in the 

field.  The procedures described in this section are specifically for field decontamination of 

sampling equipment. 

At a minimum, field-sampling equipment should be decontaminated following these procedures: 

 Wash the equipment in a solution of non-phosphate detergent (Liquinox or equivalent) 
and distilled or deionized water.  All surfaces that may come in direct contact with the 
samples shall be washed.  Use a clean Nalgene and/or plastic tub to contain the wash 
solution and a scrub brush to mechanically remove loose particles.  Wear clean latex, 
plastic, or equivalent gloves during all washing and rinsing operations. 

 Rinse twice with distilled or deionized water. 

 Dry the equipment before use, to the extent practicable. 
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WATER QUALITY SAMPLING DATASHEET 
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MEASUREMENT PROCEDURES 

PHOTO POINT MONITORING 
Note: these procedures are based upon and modified from:  

Hall, F.C., 2002.  Photo Print Handgook: Part A – Field Procedures and Part B – Concepts and Analysis. 

 

Photo point monitoring will be used to document changes at measurement points over time.  For 

surface sites this will include change in channel shape, vegetation, and land use changes.  For 

groundwater sites this can include casing changes, pump changes or land use changes. 

  

EQUIPMENT 

 Camera 
 GPS (to find photo point) 
 Clipboard 
 Pencil or pen 
 Datasheet (for appropriate monitoring site) 
 Previous picture or description of photo point 

ESTABLISHING A PHOTO POINT 

1. Reconnoiter the area to determine the best location for the photo point.  Take note of sun 
direction, potential vegetation growth and main objectives (i.e. channel shape, well casing, 
pump, etc.). 

2. Record GPS coordinates for the photo point and record in the comments section of the data 
sheet.  Also note the direction the photo should be taken and include a description of the 
main objectives of the photo (i.e. channel shape, vegetation, etc.) 

3. Take photo point picture and review.  Determine if all of the main objectives are visible in 
the picture. 

 

VISITING A PHOTO POINT 

Photo point monitoring should be conducted during every site visit. 

1. Look at previous pictures taken at the photo point to orient.  Look at site data sheets to 
determine GPS coordinates, photo direction and main objectives. 

2. Take picture of site.  Determine if all of the main objectives are visible in the picture. 
 

SURFACE WATER MONITORING 
Note: These procedures are based on and modified from: 

Myers, J.  2009.  Standard Operation Procedure for Conducting Stream Hydrology Site Visits.  Version 1.0.  Washington 

Department of Ecology – Environmental Assessment Program.  EAP057. 

ODEQ, 2009.  Water Monitoring and Assessment Mode of Operations Manual.  Watersheds Quality Monitoring Field Sampling 

Standard Operating Procedure – Laboratory and Environmental Assessment Division.  Version 3.2 

 Rantz, S. E., and others.  1982  Measurement and Computation of Streamflow: Volume I.  Measurment of Stage and Dischage.  

U.S. Geological Survey Water-Supply Paper 2175.    
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Rantz, S. E., and others.  1982  Measurement and Computation of Streamflow: Volume II.  Computation of Discharge.  U.S. 

Geological Survey Water-Supply Paper 2175.   

Shedd, J. R. 2011.  Standard Operating Procedure for Measuring and Calculating Stream Discharge. Version 1.1.  Washington 

Department of Ecology – Environmental Assessment Program.  EAP056. 

Shedd, J.R. 2008.  Standard Operating Procedure for Measuring Gage Height of Streams.  Version 1.0.  Washington 

Department of Ecology – Environmental Assessment Program.  EAP042. 

EQUIPMENT 

 Four foot top set wading rod 
 Mechanical Current Meter (Price AA or pygmy), Swoffer, or Marsh-McBirney Velocity Meter 
 AquaCalc computer 
 Bridge Board 
 Sounding Reel 
 Columbus sounding weight 
 Tape Down Measuring Tape (with weight attached) 
 Laser Level 
 Stadia Rod 
 NIST Thermometer 
 YSI-30 Temperature and Conductivity Meter 
 Measuring tape (100’ or 200’) 
 Chest or Hip Waders 
 Laptop Computer 
 Cables for connecting to Data logger 

 LT-300 Cable 
 LT-500 Cable 
 WaterLog Cable or Memory Card 
 Campbell Scientific Cable or Card 

 Pen or Pencil 
 Data sheets 

VERTICAL STAGE MEASUREMENT 

Vertical stage measurements are obtained from mounted staff gauges.  Most staff gauges used by 

the WWBWC are graduated in 0.01 feet increments.  Measurements should be recorded to 0.01 feet 

resolution.  Below is a photo of a typical WWBWC staff gauge. 
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1. Read the water level on the staff gauge to the nearest 0.01.  If the water level is fluctuating 
during the reading take the average water level and note the range of fluctuation (1.25 
±0.04 where 1.25 is the average water level and 0.04 is the range above or below the 
average). 

2. If water level fluctuations are excessive you can create a temporary stilling well around the 
staff gauge to get a more accurate reading.  You can use a 5-gallon bucket with the bottom 
cut out for the temporary stilling well. 

3. Take the necessary time to obtain an accurate staff gauge reading – both the water level and 
uncertainty. 

4. Record the date, time and measurement data on the data sheet. 
 

TAPE-DOWN STAGE MEASUREMENT  

Measuring tape-down stage involves lowering a measuring tape with a weight attached to the end 

to the water surface from a reference point.  Often the reference point is a metal washer attached to 

a bridge railing. 

1. Locate the reference point 
2. Lower the weighted tape down to the water surface.  The weight should only just touch the 

water surface creating a small “V” shape on the water surface. 
3. Read the tape at the edge of the reference point and record to the nearest 0.01.  Include 

uncertainty caused by wave action or wind. 
4. Because the weight is attached to the end of the measuring tape, record the correction 

factor that needs to be applied to the reference point reading. 
 

LASER LEVEL STAGE MEASUREMENT 

Laser levels are used to measure stage height from a known elevation and allow a check on the 

vertical staff gauge elevation. 

1. Place the laser level on the platform of known elevation. 
2. Confirm that the platform’s elevation has not changed by measuring the elevation of 

reference marks/points with the stadia rod.  Record data on the Stream Gage Logger Notes 
datasheet.  Reference marks or points are placed near the laser level platform and are 
typically bolts in large boulders or other stable objects.  Compare reference point elevations 
to ensure platform has not moved. 

3. Place the stadia rod as close as possible to the primary staff gauge (typically the vertical 
staff gauge). 

4. Read the laser level using the laser sensor on the stadia rod.  Record level. 
5. Observe and record the water level (including level of uncertainty) on the stadia rod. 
6. Complete the calculations on the Stream Gage Logger Notes datasheet to compute the laser 

level stage.  For the calculations you take the laser rod reading minus the depth of water 
and that equals the differential laser to water surface.  Take the elevation of the laser beam 
minus the differential to get the laser level stage. 
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DISCHARGE MEASUREMENT (WADING) 

1. Select an appropriate location to perform a discharge measurement (refer to Rantz, 1982 
for full details).  A good cross section will typically have the following characteristics: 
relatively straight channel with parallel edges, defined edges, uniform shape, free of 
vegetative growth and large cobbles or boulders, free of eddies, slack water and turbulence, 
depths greater than 0.5 feet, velocities greater than 0.5 feet per second that are evenly 
distributed, close to the gauging station.  Often some or many of the above criteria cannot be 
met.  The best available cross section location should be chosen. 

2. Stretch a measuring tape across the channel where the measurement will be taken.  The 
tape should be perpendicular to as much of the flow as possible to reduce oblique flow 
angles. 

3. Determine the width of the wetted channel and divide the width into 25-30 segments.  Cells 
should be divided such that each cell has approximately 5% of the total flow and no more 
than 10%.  Segments should be shorter where flow is more concentrated or the bottom is 
irregular.  The width of any segment should not be less than three tenths of a foot (0.3 feet). 

4. Start at either the right or left edge of water (REW or LEW).  Record tape distance for edge 
of water. 

5. Set wading rod at location for the first measurement.  Determine the depth of water.   
6. If depth is less than 1.5 feet use the one point method of measuring velocity at 0.6 of the 

depth.   
7. If depth is equal to or greater than 1.5 feet use the two point method of measuring at both 

0.2 and 0.8 of the depth and average the velocities.   
8. In cases where there is no logarithmic relationship to the velocities in the water column 

(this is when the 0.2 velocity is less than the 0.8 velocity or the 0.2 velocity is more than 
twice the 0.8 velocity) the three point method should be used.  The three point method 
measures at 0.2, 0.6 and 0.8.  The 0.2 and 0.8 velocities should be averaged and then that 
result should be averaged with the 0.6 velocity.  This weights the 0.6 velocity at 50% and 
the 0.2 and 0.8 each at 25%. 

9. Each velocity measurement should average velocity data for 40 seconds to address 
variations in water velocity over time at a single measurement point. 

10. If water flow direction is not perpendicular to the measuring tape the meter should be 
pointed directly into the direction of flow.  Use the data sheet to measure the angle 
coefficient (and apply a correction to the velocity) for velocity measurements not 
perpendicular to the measuring tape (see figure below).  Align the point of origin on the 
measuring tape.  Rotate the data sheet until the opposite long edge is parallel to the 
direction of flow (the same direction the meter is pointed).  The angle coefficient is read 
where the measuring tape intersects the data sheet.  Multiply the velocity measurement by 
the angle coefficient to calculate the perpendicular velocity. 
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Figure taken from Rantz, 1982. 

 
11. Repeat steps 5-10 for each of the subsequent measurement locations across the cross 

section until you reach the opposite edge of water. 
12. Rate the measurement on a scale from excellent to poor.  Rating can be based upon 

observed conditions as well as information from the AquaCalc file.    Observations that can 
influence the rating of a measurement include (but are not limited to): channel 
characteristics, proximity to bridges or other structures, number and degree of oblique 
current angles, condition of equipment, weather, water level bounce and velocity pile up on 
wading rod and others.  Use observations and professional judgment in rating a 
measurement.  Measurements are rated excellent if the discharge value is with 2% of the 
actual flow value, good if within 5%, fair if within 8% and poor if within 13%. 
 
 

DISCHARGE MEASUREMENT (BRIDGE) 

This section will describe differences between wading and bridge discharge measurements.  Follow 

the procedure for wading discharge measurements above with the following changes: 

1. The choice of cross section locations is obviously limited when measuring from a bridge. 
2. Use a bridge board, sounding reel, and Columbus weight instead of a wading rod 
3. Increase velocities measurements near bridge piers 
4. Use the one point method on depths less than 2.5 feet and the two point method on depths 

equal to or greater than 2.5 feet. 
5. Sometimes, water flow direction is all oblique to the bridge.  In these cases multiply the raw 

average velocity of the measurement by the cosine of the angle between current direction 
and the cross section. 
 

DISCHARGE CALCULATION 

Discharge is calculated using the mid-section method in which each section extends halfway 

between measurement locations.  The flow through each section is calculated by multiplying the 

average velocity with the cross-sectional area of the section.  See references for a complete 

description of discharge calculations. 
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STATION VISIT (WITHOUT DISCHARGE MEASUREMENT) 

River gauging stations and real-time stations are visited twice a month to collect staff gauge 

readings, perform any site maintenance and download data.  These visits do not include a discharge 

measurement.   

1. Open gauge station and retrieve data sheet. 
2. Record primary gauge reading in the PGI row (see above for procedure).  This is often a 

vertical staff gauge. 
3. Record secondary gauge reading in the SGI row (see above for procedure).  Often this is a 

tape-down measurement. 
4. Record auxiliary gauge reading if present in the AUX row.  Used for alternate staff gauge 

readings. 
5. Record water temperature from the gauge station. 
6. Record water temperature with the NIST thermometer or the YSI-30. 
7. Record air temperature from the gauge station. 
8. Record air temperature from the NIST thermometer or the YSI-30. 
9. Record battery volts. 
10. Download data from the data logger and record on the data sheet. 
11. Purge the pressure sensor (if equipped). 
12. Record battery minimum and maximum. 
13. Reset Stats screen. 
14. Note any problems, maintenance issues or other information at the bottom of the data 

sheet. 
15. Close and secure the gauge station. 
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DISCHARGE NOTES DATA SHEET 
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GAGING STATION LOG DATA SHEET 
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STREAM GAGE NOTES DATA SHEET 
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GROUNDWATER MONITORING 
These procedures are for monitoring groundwater levels and groundwater temperature and 

specific conductivity.  The procedure covers equipment needed, establishing a measuring point, 

manual water level measurements, pressure transducer deployment, download and maintenance, 

groundwater grab samples for temperature and specific conductivity and site maintenance. 

Note:  These procedures are modified from Drost, B.W., 2005, Quality-assurance plan for ground-water activities, U.S. 

Geological Survey, Washington Water Science Center: U.S. Geological Survey Open-File Report 2005-1126, 27 p. 

EQUIPMENT 

 E-tape (Solinst model 102 Water Level Meter) 
 Laptop 
 Extra pressure transducers (if available) 
 Cables for downloading pressure transducers 

 LT-300 
 MicroDiver/Solinst 
 MicroDiver (direct connect cable) 
 Solinst (direct connect cable) 
 MiniTroll 

 Bailer 
 Graduated Cylinder 
 Temperature and Conductivity meter (YSI 30) 
 Sounding Tape 
 Measurement tape (measured in tenths of a foot) 
 Data sheet (waterproof paper) 
 Pen (waterproof) or pencil 
 Well keys 
 Battery removal tool for MiniTroll pressure transducers 
 GPS 
 Extra Batteries (AA lithium for pressure transducers & 9v for E-tape) 
 Flashlight 
 Screwdrivers 
 Hammer 
 Pipe wrench 
 Socket set 
 Crescent wrench 
 Cable snips 
 Pliers (preferably needle-nose) 
 Camera 
 Well Field Instructions and Procedures binder 
 WellNet binder for site references and maps 
 Business cards 
 U-bolts and cable crimps 
 Inverter (for charging laptop from vehicle) 
 Cable (speaker wire or 1/16” aviation cable) 
 Extra sacrificial weights for E-tape 
 Work gloves 
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 Disposable gloves (nitrile) 
 Disinfectant (Lysol or diluted bleach) 
 Sharpie or other marking device (for measuring point) 
 WD-40 

 

ESTABLISHING A MEASURING POINT 

This procedure is for establishing a measuring point on wells from which all water levels are 

measured. 

1. Measuring point (MP) must be permanent as possible, clearly defined and easily located.  
Typical locations include the top of the well casing or access ports. 

2. MP should be located so that the measuring tape can hang freely during water level 
measurements. 

3. Mark MP with Sharpie or other marker (paintstick, etc). 
4. Measure distance from the MP to the land surface and record on the data sheet.  This 

measurement is called the top of grade (TOG) for the well.  MP’s located below the land 
surface are positive and MP’s located above the land surface are negative.  If the well has 
been GPS surveyed, measure TOG from the MP to the surveyed elevation. 

5. Take a photograph of the MP to document location Well Network Database or in case the 
marker wears off. 

 

MANUAL GROUNDWATER LEVEL MEASUREMENT (E-TAPE) 

1. Before measuring the water level in a well utilized for drinking-water supply, disinfect the 
first 5-10 feet of the E-tape with diluted bleach water and dry with single-use towels (e.g. 
Kimwipes).  Use latex or nitrile gloves for drinking-water supply wells and disinfection. 

2. Review well info page in the Well Network binder for the MP. 
3. Record if the Pump is On (1) or Off (0) in the “Pump” field. 
4. Test the E-tape by turning it to “test” or by pressing the “test” button.  If the E-tape does not 

buzz, check the battery.  Start with sensitivity set to the mid-range and adjust as necessary. 
5. Carefully lower the tape (and weight) into the well.  The tape should be lowered slowly to 

prevent splashing or excess wear on the E-tape. 
6. When the E-tape buzzes, pull the tape up and down a few inches to determine the exact 

level.  Hold the tape at the MP and record the value to the nearest 0.01 feet in the “Static” 
field. 

7. Repeat water level measurement.  If measurements differ by more than 0.02 feet determine 
why (well pumping, well recovering, etc) and document reason on data sheet. 

8. Periodically check the E-tape to make sure it is in good working condition. 
 

PRESSURE TRANSDUCER DEPLOYMENT 

1. Sound well and record measurement or, if available, consult the well log to determine well 
depth and pump location. 

2. Take a manual water level measurement (see above) and record measurement on data 
sheet. 

3. Program and start the pressure transducer.  Pressure transducers should collect data every 
15 minutes.  Pressure transducer should be started so that data will be recorded on the 
hour (i.e. 12:00, 12:15, 12:30, 12:45, 13:00…).  Program transducer with the well’s GW 
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number.  Follow the manufacturer’s instructions on how to program and start the 
transducer. 

4. Attached pressure transducer to one end of the cable using two wire crimps and a stainless 
steel U-bolt.  Do not use crimps and do not over tighten the U-bolt if using a communication 
cable. 

5. Measure and cut aviation cable or speaker wire to suspend the pressure transducer 
approximately 5-10 feet above the bottom of the well.  This value can change depending 
upon the depth of the well and the pressure range of the pressure transducer.  Make sure to 
not deploy the pressure transducer below its rated pressure range (typically marked on the 
side of the device).  If the well is deeper than the pressure range, place the pressure 
transducer at a depth so there is 10-15 feet of pressure range still available (to account for 
potential water level increases).  Pressure transducers should not rest on the bottom of the 
well or be surrounded by silts/fines that have accumulated in the well.  Remember to 
account for the length of the logger when measuring the length of the cable.   

6. If using a communication cable for the manufacturer, following the steps above to 
determine cable length. 

7. Record length of cable, pressure transducer serial number and communication cable serial 
number if used. 

8. Slowly lower pressure transducer and cable into the well making sure the transducer is not 
free falling.  Take extra care as the transducer passes through the water-air interface to 
prevent damage to the transducer or entrainment of air bubbles. 

9. Attach cable to the well at the surface using wire crimps and a stainless steel U-bolt. 
10. Mark the cable so that cable slippage, if it occurs, can be accounted for during future site 

visits. 
11. Make sure that all of the cable is deployed and the transducer is hanging on the cable rather 

than caught on a pump or some other obstruction. 
12. Photograph the well to document the pressure transducer deployment and well.  Try to 

capture the area around the well, any well apparatus and the measuring point.  Multiple 
photos may be required. 
 
 

PRESSURE TRANSDUCER DOWNLOAD AND MAINTENANCE 

1. Record manual water level measurement, date, time and whether the well is being pumped. 
2. Retrieve pressure transducer to the surface (if not attached to a communication cable). 
3. Connect the pressure transducer, using the appropriate cable, to the field laptop. 
4. Record the following information on the data sheet:  Download start time (DL), Logger Time 

(LT – difference between pressure transducer time and computer time), Restart Time (RT – 
if the pressure transducer was stopped and restarted), Serial number (S#), Battery level 
(Batt - % of battery left or if batteries were replaced) and U-bolt and crimp conditions 
(Ubolts). 

5. Follow manufacturer’s protocol for downloading, saving and exporting data from the 
pressure transducer.  Data should be saved in the proprietary format and in comma 
separated value format (.csv).  File names should be in the following format: GW_xx_Data 
start date_Data end date_data collector’s initials (For example: GW_129_3-3-11_7-6-11_sp – 
This file is for well GW_129 and the data in the file is from March 3rd through July 6th and 
was collected by Steven Patten). 

6. Visually check the graphed data to ensure there are not any major issues that should be 
addressed.  Raw data visual checks may be able to determine if the transducer came out of 
the water, the cable slipped/shifted or other issues that can be resolved through site 
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maintenance.  Potential fixes could include readjusting/lengthening cable length or tighten 
U-bolts. 

7. Note when the pressure transducer will run out of memory so a future visit will occur 
before that time. 

8. Examine the pressure transducer for indications of damage or wear.  Make sure access ports 
for the pressure diaphragm are clear of obstructions so the pressure transducer performs 
correctly. 

9. Slowly lower transducer back into the well taking extra care as it transitions between air 
and water. 

 

GRAB SAMPLES FOR GROUNDWATER TEMPERATURE AND SPECIFIC CONDUCTIVITY 

1. Check the bailer to determine if the string/cable is attached properly and that it is not 
frayed or damaged and that the bailer is in proper working order. 

2. Slowly lower the bailer into well until is below the water level and fills with water.  NOTE:  
Do not put the bailer down access or vent holes.  If unsure do not put the bailer down the 
well.  The data sheet indicates which wells should have water grab samples taken – if the 
temperature and conductivity fields are grayed out do not take a sample.  The Well Network 
database also indicates whether a water grab sample should be collected. 

3. Slowly reel the bailer back to the surface taking care to limit it banging/hitting the well 
casing. 

4. Empty the water in the bailer into the graduated cylinder. 
5. Put the temperature/EC probe into the water in the graduated cylinder. 
6. Turn on the YSI-30 (temperature/EC meter).  Ensure that the meter is correctly set to 

measure temperature in degrees Celsius and specific conductivity in µs/cm. 
7. Wait for the reading to stabilize and then record temperature and conductivity values in 

their appropriate fields on the data sheet.  In the summer or winter water temperature may 
increase or decrease depending upon the ambient air temperature.  If the reading does not 
stabilize in 15-20 seconds, record the mean value over the 15-20 second period. 

8. Turn off the YSI-30. 
9. Discard water from the graduated cylinder. 

 

SITE MAINTENANCE 

1. Check the well casing and surrounding area for any changes that have occurred since the 
last field visit.  If needed document the changes on the data sheet and with photographs. 

2. Check TOG measurement approximately once a year to determine if there are any changes. 
3. If well has not been surveyed in, survey well using Magellan ProMark 3 GPS system at 

earliest opportunity. 
4. Check cable integrity and other well monitoring components for wear or damage.  Replace 

as needed. 
5. Photograph the site during every field visit to visually track changes to the site. 
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GROUNDWATER MONITORING DATA SHEETS 
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WATER TEMPERATURE MONITORING 
This procedure is for monitoring water temperature in rivers and streams using data loggers.  The 

procedure covers equipment needed, pre & post deployment accuracy check, field accuracy check 

(site visits), deployment, and recovery. 

Note: this procedure is modified from the following references: 

Water Quality Monitoring – Technical Guide Book, 2001.  Oregon Watershed Enhancement Board. 

ODEQ, 2009.  Water Monitoring and Assessment Mode of Operations Manual.  Watersheds Quality Monitoring Field Sampling 

Standard Operating Procedure – Laboratory and Environmental Assessment Division.  Version 3.2 

EQUIPMENT 

 Data Logger (Vemco, Tidbit, etc) 
 Laptop/Computer 
 Computer interface cable for Data Logger 
 NIST-traceable thermometer 
 1 medium sized cooler 
 Ice 
 Temperature Accuracy Check form (see below) 
 1 ½” PVC Pipe (to reduce temperature variations due to solar radiation) 
 1/16” aviation cable 
 Wire cutters 
 Cable crimps 
 Pliers or other device to secure crimps and cut the cable 
 Forestry Flagging/Surveyors Tape 
 GPS unit 
 Camera 
 Waders 
 Field Notebook 
 First Aid Kit 

 

PRE & POST DEPLOYMENT ACCURACY CHECK 

1. For 20°C calibration test, pour room temperature water into the cooler.  Adjust temperature 
in the cooler with ice, cold water or hot water to the desired 20°C.  If ice is used make sure it 
is completely melted.  Close lid. 

2. Insert the NIST thermometer probe into the cooler.  Pull it through enough so that when the 
lid is closed, the probe will be suspended midway (or slightly lower) in the water bath. 

3. Use the computer and manufacturer’s software to start the temperature data loggers and 
set them to record data every 1-minute. 

4. Place temperature data loggers directly into the water bath. 
5. Allow water bath to stabilize (for 15-30 minutes) before recording NIST thermometer 

temperatures.  After stabilization, record temperatures from the NIST thermometer every 
minute for ten minutes.  More readings may be necessary if there is suspicion the water 
bath temperature changed or was not stabilized. 
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6. Download data from the temperature data loggers and audit thermometer results with time 
of record on an audit form.  Water temperatures should not vary more than ± 0.5°C between 
the NIST thermometer and the data logger’s temperature.  Units not passing this accuracy 
test should not be used. 

7. Repeat accuracy test for cold water bath at 5°C. 
 

FIELD ACCURACY CHECKS (SITE VISITS) 

During a typical season of water temperature monitoring (June-November), two field accuracy 

checks will be conducted using the following procedure: 

1. Determine if the data logger is still adequately placed in the river (see deployment 
procedure for details) to record water temperatures. 

2. Place field thermometer (NIST thermometer) in the water directly next to the temperature 
data logger.  (Note: if a NIST thermometer is not available use a thermometer with an 
accuracy of ± 0.5°C and a resolution of ± 0.2°C) 

3. Allow field thermometer to stabilize and then record the temperature reading. 
4. After the temperature data loggers have been retrieved and data download, compare the 

field thermometer’s reading to that from the temperature data logger.  Data accuracy should 
be ± 0.5°C. 

 

DEPLOYMENT 

1. Start temperature data logger either prior to going to the field or in the field with a laptop.  
Data loggers should be set to record data every thirty minutes.  Data loggers should be set to 
start collecting data either at the hour or half hour (e.g. 12:00 or 12:30). 

2. Secure data logger inside of the 1 ½” PVC pipe using the aviation cable ensuring that the 
entire length of the logger is covered by the PVC. 

3. Secure data logger at the site using the aviation cable.  Often the cable can be secured to 
trees, logs, large rocks or other stable structures.  Make sure that the logger is in a well-
mixed portion of the river to ensure accurate readings.  Also, place the data logger to ensure 
that it will stay submerged in the water as river flows drop.   

4. Record in the fieldbook the time of deployment and when the data logger will run out of 
memory for logging data.  Record site name and data logger serial number.  Check stream 
temperature as an additional accuracy check.   

5. Record site GPS coordinates using a GPS unit. 
6. Take pictures of site for future reference and recovery.   
7. Write a short description and create a sketch of the site including approximate distances 

from structures (bridges, log jams, etc.).   
 

RECOVERY 

1. Locate Temperature data logger and check stream temperature with a field thermometer. 
2. Record time of data logger recovery and note any site conditions that may have affected 

data accuracy or reliability.  Cut the cable to free the data logger and return to the office and 
download the data.  Data loggers should be stopped after data download to prevent 
unnecessary battery use. 
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PRE & POST DEPLOYMENT ACCURACY CHECK DATA SHEET 
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SCOUR CHAINS AND BED STABILITY 
This procedure is for monitoring bed scour and fill to look at river bed stability and river bed 

conditions.  The procedure covers the construction, installation and monitoring of scour chains 

(including cross-sectional surveys) and pebble counts. 

Note: Scour chain procedures were based upon the following sources:  

 Lisle and Eads. 1991 Methods to measure sedimentation of spawning gravels. Res. Note PSW-411.  Berkley, CA: Pacific 

Southwest Research Station, Forest Service, U.S. Department of Agriculture; 7 p. 

Nawa and Frissell.  1993.  Measuring Scour and Fill of Gravel Streambeds with Scour Chains and Sliding-Bead Monitors.  

North American Journal of Fisheries Management. 13: 634-639.;  

Leopold, Wolman and Miller. 1964. Fluvial Process in Geomorphology.  Freeman, San Francisco. 

Pebble count procedures where based upon Wolman, M.G. 1954.  A Method of Sampling Coarse River-Bed Material. 

Transactions of the American Geophysical Union.  35(6):951-956. 

EQUIPMENT 

 Scour Chains  
 2.5-3.0 feet of #135 Zinc Coated Chain (links are ~1.5”) 
 Chain Quick-Link Connector (1/8”) 
 Anchor (Modified Drywall Butterfly Anchor) 
 Eye bolts 

 100' or 200’ tape 
 Waders (hip or chest) 
 Laser Level  with Stadia rod 
 Flow meter 
 Shovel 
 Hand Trowel 
  Fence Post Driver 
 1 ½” galvanized steel pipe 
 1” metal rod 
 Rubber bands 
 Fishing line 
 Forestry Flagging Tape 
 Pipe Wrenches  
 Data Sheets or Field Notebooks 
 Pen or Pencil 
 First Aid Kit 

 

SCOUR CHAIN CONSTRUCTION 

Scour chains are constructed by WWBWC staff to help reduce costs.  Scour chain anchors are 

created by modifying drywall butterfly anchors (1/4” bolt/screw).  Extensions (1/2” flat metal) are 

welded to each wing of the anchor creating ~2-3 inch wing on each side.  Eye bolts are then welded 

on to the anchor to prevent them from detaching.  A ~2.5-3.0 foot section of #135 chain is attached 

to the eye bolt with a quick link chain connector.  See figures below. 
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SCOUR CHAIN INSTALLATION 

Scour chains are installed perpendicular to the direction of flow in the river (similar to a discharge 

measurement).  4-5 chains are typically installed across the width of the river, but this will increase 

or decrease depending upon the width of the river.  Chains are installed approximately 10-12 feet 

apart across the channel.  

1. Determine location for scour chain installation.   
2. Establish a control point on both banks.  Make sure the location of each control point is as 

stable as possible and will not be damaged by higher flows.  Preferably the control points 
should be located above the bank full width to avoid frequent flood damage.  Drive a piece 
of ½” rebar into the ground as far as possible.  Place a blue WWBWC control point marker 
on the end of the rebar and flag it with forestry flagging. 

3. Run a tape across the width of the channel between the control points on either bank.  You 
can tie off the tape to the control points or to rocks/trees on the shore.  If not tying off to the 
control points make sure the tape goes directly over each of the control points. 

4. Determine the width of the river – typically this will be the bank full width as to capture 
river scour/fill influences during frequent high flow events. 

5. Decide how many scour chains to install based upon width.  Chains are installed ~10 feet 
apart.  So if the river is 40 feet across plan on installing 4 chains. 

6. Divide the river into approximately even sections and make note where each scour chain 
should be installed.  The exact location of each chain will vary side to side by a small amount 
based upon sediments present at each location (see 7 below). 

7. Drive pipe and metal rod into the river bed substrate using the fence post driver to a depth 
of ~2 feet.  Because river bed sediments in the Walla Walla Basin are often gravels and 
cobbles (and sometime boulders) you may have to try multiple locations to find a successful 
spot where the pipe can be driven in ~2 feet (Figure A). 

8. Remove metal rod from inside the pipe.  Be sure to not remove the pipe.  You may have to 
turn the metal rod using pipe wrenches to loosen it before it can be removed. (Figure B & C) 
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9. Prepare a scour chain anchor with ~2.5-3.0 feet of chain attached to it with the 1/8” quick 
link connector.  Attach fishing line to the end of the chain to allow it to be lowered into the 
pipe.  Count the number of links and record on the datasheet or in the field notebook. 

10. Use a small rubber band to hold the two wings of the anchor device together so it will slide 
down into the pipe.  When the anchor wings are held together the anchor is considered 
“closed” and when the rubber band is removed to allow the wings to spring apart the 
anchor is considered “open.”  Tie fishing line on to the rubber band so it can be pulled off 
and allow the wings to spread and anchor the device. 

11. Slowly slide the “closed” anchor down the inside of the pipe (Figure D). 
12. Once the anchor is at the bottom of the pipe (make sure by slowly pulling up and dropping 

the anchor) gently lift the pipe 6-8” upwards.  This should allow the “closed” anchor to be 
exposed to the sediments (Figure E). 

13. Pull on the fishing line attached to the rubber band to release the wings and “open” the 
anchor. 

14. Remove the pipe completely making sure to keep holding the fishing line attached to the 
chain to prevent the chain from falling into the hole. 

15. Gently pull up on the chain/fishing line to set the anchor in the sediments.  Once the anchor 
is set you can pull harder to verify it is solidly anchored (Figure F). 

16. Count the number of links that are exposed above the river bed and lay chain downstream.  
Record number of links on the data sheet or in the field notebook (Figure G). 

17. Take note of the distance from both the left and right bank control points to the scour chain. 
18. Repeat process for the other scour chains to be installed in the set. 
19. After all scour chains have been installed conduct a perpendicular channel survey (see 

below for procedure).  Scour chain location accuracy is extremely important for finding 
each scour chain in the future especially since some chains will be covered by sediments. 

20. Also conduct a river discharge measurement at or near the site (see above for procedure). 
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D E F 
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SCOUR CHAINS SCOUR/FILL MONITORING 

This procedure will provide information on how to locate and measure scour chain data.  Data 

collected at each chain will provide information on maximum scour since the last monitoring and 

net fill since last monitoring. 

1. Locate both left and right bank control points. 
2. Using a 100’ or 200’ tape, measure from the control points to the find the scour chain 

closest to the right bank (you can also start near the left bank if that is more convenient). 
Note – refer back to installation notes on datasheet or the field notebook to determine the 
location for each scour chain. 

3. Once you have determined the location for the first scour chain, look to see if the chain is 
exposed.  If the chain is not exposed on the river bed it may be buried under the sediments.  
Carefully and slowly dig just downstream of where the chain was installed.  Dig until you 
find the chain and then slowly work upstream until the chain changes from lying 
horizontally to vertical.  This transition point is the maximum scour depth.  (Figure G & H) 

4. Measure the vertical distance between the transition point and the river bed surface (see 
figures below).  (Figure I) 

5. Count the number of links from the transition point to the end of the chain.  This can be 
used to verify the vertical measurement taken in step 4. 

6. Hold scour chain vertically while excavated sediments are replaced.  
7. Count the number of links that are exposed above the transition point (on the river bed 

surface).  
8. Place the exposed chain on the river bed surface facing downstream. 
9. Repeat process for other scour chains in the set. 

 

 

 

G H I 
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CHANNEL SURVEY 

This procedure provides information for preforming a channel survey for scour/fill within a scour 

chain set.  All changes are relative to the control point(s) established for the scour chain set (see 

above). 

1. Place the laser level in a location where it will be visible when measuring at each scour 
chain in the set and visible at each control point. 

2. Adjust laser as close to level as possible. 
3. Turn on laser and allow it to auto level.  Once the laser has leveled it should start spinning.  

If it does not the laser may be tilted too much and cannot level itself – turn the laser off, 
readjust it and turn it back on to auto level. 

4. Stretch a 100’ or 200’ tape across the channel.  Make sure the tape goes directly over each of 
the control points. 

5. Take the stadia rod with the laser sensor attached to the control point on the right bank 
(you can start on the left bank if that is more convenient).  Place the stadia rod on the 
control point and read the height with the laser sensor.  Record laser height value, depth of 
water and the tape distance on the datasheet or field notebook. 

6. Continue measuring height and tape distance values as you move across the channel until 
you reach the opposite control point.  Make sure to capture changes in the river bed as well 
as important locations such as edge of water, gravel bars, thalweg and each scour chain. 

7. Return to the first control point and measure the height and tape distance a second time to 
verify that the tape or the laser has not moved. 

 

PEBBLE COUNTS 

1. Select reach of the river for sediment particle size distribution (typically between two 
closely spaced scour chains sets). 

2. Start transect randomly between the scour chain sets by throwing a rock along the stream 
edge.  Take a step into the river, perpendicular to the flow, from that point and pick up the 
first pebble you touch with your index finger next to your big toe.  Avert your eyes to 
prevent as much bias as possible when pick up pebbles. 

3. Measure the intermediate axis (see Figure J below) by determining the smallest hole the 
pebble will fit through using the gravelometer.  For embedded pebbles or those too large to 
pick up, use the side of the gravelometer to measure the shortest visible axis  

4. Record info on the datasheet. 
5. Take another step across the river and repeat the steps of picking and measuring pebbles 

until you reach the opposite bank.  Once you reach the opposite bank, throw another rock 
and start back towards the first bank repeating the steps above. 

6. Continue collecting pebble data until you have recorded 100 measurements. 
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PEBBLE COUNT DATA SHEETS 
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SEEPAGE ANALYSIS 
Seepage analysis protocols are discussed in the Seepage Report (found on the WWBWC website – 

www.wwbwc.org).  The WWBWC performs seepage analyzes on multiple stream systems within 

the Walla Walla Basin to determine the water budget for each system and to determine gain/loss 

reaches.  The primary measurement procedure used during a seepage analysis is a stream 

discharge measurement.  The procedure described above for stream discharge measurements is 

used during seepage measurements. 

 

WATER QUALITY MONITORING (FIELD MEASUREMENTS) 
 

ODEQ, 2009.  Water Monitoring and Assessment Mode of Operations Manual.  Watersheds Quality Monitoring Field Sampling 

Standard Operating Procedure – Laboratory and Environmental Assessment Division.  Version 3.2 

WATER TEMPERATURE AND CONDUCTIVITY (YSI-30) 

1. Check sensor calibration to NIST thermometer and standard conductivity solution (typically 
done in the office before field visit).  Recalibrate if necessary. 

2. Turn the YSI-30 unit on. 
3. Make sure units are set to °C for temperature and to µs for conductivity.  The °C should blink 

indicating the YSI-30 is in temperature compensating mode. 
4. Gently place the sensor in the water.  Make sure that the sensors are completely covered by 

water.  Gently agitate the probe to ensure air bubbles are dislodged. 
5. Allow the values to stabilize and then record on the data sheet or field notebook. 
6. Replace the sensor in the holder and turn the unit off. 

 

DISSOLVED OXYGEN 

1. Connect the dissolved oxygen sensor to the meter. 
2. Turn on the Thermo Scientific Orion 5-Star meter. 
3. Check sensor calibration (typically done in the office before field visit).  Recalibrate if 

necessary. 
4. Make sure units are set correctly for dissolved oxygen (mg/L). 
5. Gently place the sensor in the water.  Make sure that the sensor is completely covered by 

the water. 
6. Allow the value to stabilize and then record on the data sheet or field notebook. 
7. Replace the sensor in the holder and turn the unit off. 

 

PH 

1. Connect the pH sensor to the meter. 
2. Turn on the Thermo Scientific Orion 5-Star meter. 
3. Check sensor calibration using a standard pH solution (typically done in the office before 

field visit).   Recalibrate if necessary. 
4. Gently place the sensor in the water.  Make sure that the sensor is completely covered by 

the water. 
5. Allow the value to stabilize and then record on the data sheet or field notebook. 
6. Replace the sensor in the holder and turn the unit off. 

http://www.wwbwc.org/
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CONDUCTIVITY 

1. Connect the conductivity sensor to the meter. 
2. Turn on the Thermo Scientific Orion 5-Star meter. 
3. Check sensor calibration using a standard conductivity solution (typically done in the office 

before field visit).  Recalibrate if necessary. 
4. Gently place the sensor in the water.  Make sure that the sensor is completely covered by 

the water. 
5. Allow the value to stabilize and then record on the data sheet or field notebook. 
6. Replace the sensor in the holder and turn the unit off. 

 

TURBIDITY 

1. Turn on the Hach 2100P Turbidimeter. 
2. Check sensor calibration using a standard turbidity solution (typically done in the office 

before field visit).  Recalibrate if necessary. 
3. Collect water sample in glass vial and wipe clean.  Insert the vial into the turbidimeter, 

cover and read the sample.  
4. Record the value on the data sheet or field notebook. 
5. Empty the vial and turn on the meter. 

 

QUALITY CONTROL 

QUALITY CONTROL FOR LABORATORY MEASUREMENTS 
Field duplicates and blanks will be used to ensure quality control for lab samples. 

 Field blanks:  Once per sampling even a blank sample with known concentrations of the 
monitored constituent will be included in the samples sent to the analytical laboratory.  The 
field blank will be purchased from a scientific supply vender. 

 Field duplicates:  Once per sampling event one additional sample will be collected from one 
of the sites. 

 Analytical laboratory will also have internal QA/QC procedures to ensure data validation. 
 

QUALITY CONTROL FOR FIELD MEASUREMENTS 
 

FIELD RECORDS 

Field notes and other pertinent data associated with the monitoring program will be maintained at 

the WWBWC office and archived for reference.  Completeness of data sheets and chain of custody 

forms and verifying holding times for samples will also be used for data validation. 
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SURFACE WATER MONITORING 

Surface water monitoring will use the following quality control measures: 

 Measure a duplicate discharge measurement on approximately 5% of field visits. 
 Field equipment will be maintained and calibrated to ensure proper operation and 

accuracy. 
 Comparison of equipment to other equipment or rated structures (such as flumes, etc). 
 Primary and secondary stage height values are referenced to benchmarks to ensure no 

elevation changes. 
 Comparison of primary, secondary and laser level stage height values. 

 

GROUNDWATER MONITORING 

Groundwater monitoring will use the following quality control measures: 

 Yearly comparison of E-tape measurements against other tapes. 
 Duplicate groundwater level measurements during every field visit. 
 If available, comparison of manual measurements to other agencies’ data. 
 Duplicate water sample for groundwater temperature and conductivity at approximately 

5% of the sites. 
 

WATER TEMPERATURE MONITORING 

Water temperature monitoring will use the following quality control measures: 

 Pre and Post data logger accuracy testing. 
 Manual field checks during deployment. 

 

WATER QUALITY MONITORING 

Water quality monitoring will use the following quality control measures: 

 Field equipment will be maintained and calibrated to ensure proper operation and 
accuracy. 

 Duplicate samples will be taken at approximately 5% of the sites.  
 Comparison of field and laboratory values. 

 

DATA MANAGEMENT PROCEDURES 

FIELD NOTES 
IN THE FIELD 

Data should be recorded on WWBWC datasheets (if available) printed on waterproof paper (Rite-

in-the-Rain).  Notes should be clearly and legibly written so data and remarks are easily read and 

interpreted.  If a mistake is made, draw a single line through the bad data and record the data next 

to it.  Do not erase or completely mark out mistakes.  All datasheets should be completed as fully as 

possible during data collection. 
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AT THE OFFICE 

Upon returning to the office scan all datasheets and place a scanned copy on the WWBWC server in 

the appropriate location and incorporated into the AQUARIUS database.  After scanning the 

datasheets, use them to input the data into the appropriate software (AQUARIUS, Excel, etc.).  After 

all data from the datasheet has been incorporated into the software, place the datasheet in the 

project’s 3-ring binder. 

 

DATA LOGGERS 
IN THE FIELD 

Data loggers should be downloaded during every site visit if practical.  Data from the data logger 

should be downloaded and saved to the field laptop before the data logger file(s) is deleted or 

restarted to ensure data are not lost.  After restarting a data logger take note of when the logger’s 

memory will be full so a site visit can be scheduled before that date.  Files should be saved in the 

following format: type of file (gh = gauge height, mmt = measurement and temp = temperature)_site 

number_data start date_data end date_downloader’s initials.  For a surface water example the file 

format for site S105 with stage data from March 1st, 2012 through July 15th, 2012 and downloaded 

by Steven Patten would look like: gh_S105_3-1-12_7-15-12_sp.  For a groundwater example the file 

format for site GW_115 with water level (stage) data from May 1st, 2012 through September 29th, 

2012 and downloaded by Steven Patten would look like: gh_GW115_5-1-12_9-29-12_sp. 

 

AT THE OFFICE 

All raw data logger files collected during a day of field work should be transferred to the WWBWC 

server before going back out in the field to ensure data are not lost due to laptop failure or damage.   

 

DATA INPUT (AQUARIUS) 
Data should be incorporated into the AQUARIUS database within two weeks of data collection.  

Both manually collected data and data logger files should be imported into the AQUARIUS database.  

After data have been imported, data should be adjusted to account for stage shifts or cable length 

corrections.  For surface monitoring locations, the rating curve should be checked to ensure the 

new discharge measurement does not indicate a change in the stream channel.  If needed, adjust the 

rating curve with the new discharge measurement.  After data are imported and corrected, outputs 

should be created including a hydrograph (or similar data graph), hourly data set for the entire 

range of data, and daily average data set for the entire range of data.  All data in AQUARIUS should 

be rated as “unverified” until the end of the water year (Sept 30th) and a review of the entire water 

year’s data can be completed. 

 

DATA ACCESS (WWBWC WEBSITE) 
AQUARIUS data outputs should be uploaded to the WWBWC’s website (typically accomplished 

through Fling software).  Verify that all data outputs have been successfully uploaded to the website 
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for public and agency access.  Data and information for each surface monitoring location includes: 

current hydrograph, hourly data set, daily average data set, rating curve, metadata and site 

photograph.  Data and information for each groundwater monitoring location includes: current 

hydrograph, hourly data set, daily average data set, metadata and manual water level 

measurements.   
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DATA SECURITY AND BACKUPS 
All data incorporated into the AQUARIUS database or located on the WWBWC server has 

redundancy backup (i.e. stored on multiple hard drives through the use of RAID).  The WWBWC 

server and AQUARIUS database are backed-up monthly and stored at the WWBWC office and off-

site for additional security. 

DATA QUALITY ASSESSMENT 

INITIAL POSTING OF DATA/NEAR-REAL TIME DATA 
All data posted to the WWBWC website should be considered provisional unless otherwise stated.  

Near-real time data from surface gauges and other sites goes through an automated process 

without constant human oversight.  Data discrepancies will be fixed as soon as possible.  Until data 

are reviewed and published (see below) data quality will remain “unverified” or “provisional” and 

are subject to change.  Data may be given an initial estimated data quality (estimated excellent, 

good, fair or poor) however this quality rating should be considered provisional and subject to 

change during review. 

 

DATA QUALITY REVIEW 
After each water year (typically in October), “unverified” or “provisional” data will be reviewed by 

WWBWC staff and any necessary changes will be made.  After any revisions, data quality will be 

changed to “published” and a quality grade will be assigned.  The published data will be available at 

the WWBWC’s website 

 

DATA QUALITY RATING 

SURFACE WATER 

Surface water data will be given a quality rating based upon the following factors: 

 Rating curve distribution and number of discharge measurements for rating curve 
development. 

 Accuracy of discharge measurements to calculated discharge flow from stage data. 
 Site maintenance issues including sediment build-up, vegetation growth, channel migration 

and other localized influences. 
 Accuracy of individual discharge measurements including variation in duplicate discharge 

measurements. 
 Gauge location (e.g. concrete structure, silty channel, or stable stream bed). 
 Site manipulation (especially in irrigation canals or ditches). 
 Data set completeness. 

 

All stage height measurements will include a margin of error. 
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GROUNDWATER 

Groundwater data will be given a quality rating based upon the following factors: 

 Number of manual water level measurements. 
 Accuracy of manual water level measurements to cable-length adjusted transducer data. 
 Accuracy of manual water level measurements (e.g. cascading well, pumping well, etc.). 
 Data set completeness 

 

All manual water level measurements will include a margin of error. 

 

TEMPERATURE 

Temperature data will be given a quality rating based upon the following factors: 

 Accuracy of data logger’s Pre and Post deployment accuracy checks. 
 Accuracy of field accuracy checks with thermometer (NIST or YSI-30). 
 Data set completeness. 

 



Attachment C 

Example Aquifer Recharge Designs 

(From previous aquifer recharge projects) 
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: : Standard perforations for pipe are two rows of holes 1/2” in diameter on 5” centers and 120º angle apart.
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When using JM Eagle™ PVC ASTM D2729 Solvent Weld Drain Pipe for septic tank fields, please install in accordance with 

ASTM F481, and JM Eagle™ Publication JME-05B, “Gravity Sewer Installation Guide.”

* Prior to ordering or specifying, please consult JM Eagle™ for product and /or listing availability.

I.D. : Inside Diameter

O.D. : Outside Diameter

T. : Wall Thickness

120

120

HOLE

SUBMITTAL AND DATA SHEET

SOLVENT WELD



z 'T-

SITE PLAN VIE\,! 

EMBANKMENT 

• -jl-+-li 

r"-c"j-- POND 

100 0 100 

EZl/J/ZZl
iZI?????I] 

SCALE IN FEET 

OUTLET STRUCTURE NATURAL 

I . 

PVC SUPPLY PIPE 

N 

SITE 

\ -

SECTION 

GROUND 

100' 

ELEV, 

; UJ W 
.~ 

"" ww 
00 zz •• . ~ ~ 

UMAPINE 

AA 
I 

'69 

LOCATION MAP 

2000 0 2000 

107 JUUG z z Z 0 Z 221 
SCALE IN fEET 

TDVNSHIP 6N 
RANGE 34E 

~ CONSTRUCTED POND 

MIL TON FREE\oIATER 
:5,7 MILES 

EXPIRES 6/3012013 

! 

CAD FILE 
'-It'lc.rcgpln 

SHEET 1 
or 4 



PIPE CENTER LINE ~ 

100 o 100 

~ pzzj ~ IUzzzuzzz 
SCALE IN FEET 

Non:;s 
INSTALL PIPE ACCORDING TO NATURAL RESOURCES 
CONSERVATJ[lN SERVICE SPECIFICATJ[lN 43000. 
CURVE RADIUS IS 1000 FEET. 
THE 4B' MANHOLES NEAR THE PIPE ENTRANCE ARE 
TO EXTEND ABOVE THE GROUND SURFACE AT 
LEAST lB' TO ALLO'w' STHEM TO BE SEEN IN THE 
CROP. 

CONSTRUCTED POND BOTTOM 
ELEVATION 669 FEET 

W 

dz 
lL.D 
Dl.:J 
eYW 
(LeY 

o 



LID 

1/2'X3' 
IJI NUT 

PLAN VIEIV 

T 
5' 

1 
12' HAND __ E_LIE;;V;:;A~~= "'HEEL a. 
LIFT NUT 

CONCRETE 

LIFT DETAIL 
w~ 
%0 
u~ < 
~~ « -w 
~~ . ~ 
-" 

LID HOLD DOIVN DETAIL LOOP DETAIL b 
LID HOLD rnl 1/2' R D 

DOI,IN LOOP /-- ~Wb-~-3'Iu u/ " 
~DcrML--'I -)7 14'1 ~---~- t-l :' 

~ '_ID L - ,,36' CMP W'ELr TO THE 
HINGE ........ - INSIDE OF THE 

\1, 
~ 

~ c 

........... LID HINGE eMP IJITH THE 
INSIDE OF THE 
LOOP' I' ABOVE 

~ -- HINGE DETAIL 

SUPPORT 

I 
!'X6' PIPE 
4 NEEDED 

DETAIL 

r~7'= R14
'X3'X3'X"" 

I 'W'ELD ON TOP OF 
~ !/4'X3'X3'X54,5'L 

- -- - __ J THE VERTICAL 

1/2' niA. LIfT COLLAR ANGLE CLIP TO FIT 
HOLE IN ""ElD TO 
ANGLE ANGLE 

DETAIL 
1/4'X3'X3'X4S' 
ANGLE IJELD TO 

LATE 

5' ANCHOR BOLT 
4 NEEDED 

, 1/4'X6'X6' 
---PLATE 

THE TOP OF THE eMP 

NOTES 
AT THE ESTIMATED DESIGN FLO"" THE LID 
OPENING SHOULD BE ABOUT 6', 
USE 4000 PSI STRENGTH CONCRETE, NEED 0.:; 
CU. 'I'D, REINF"DRCE THE UPPER SLAB \lITH A 
114 BAR LOCATED 3' FROM THE OUTER EDGE, 
NEED 4-4'-6' BARS, 
LID FOR THE OUTLET TO BE FABRICATED OUT 
OF 3/16' STEEL AND BE 40' IN DIAMETER, 
USE I' PIPE PIECES THROUGH THE LOOPS ON 
THE CHP TO TIGHTL'( HOLD THE LID DO'W'N, 

EXPIRES 6/30/2013 

z VlO 
_H::> 
~w 
<Ca:: 
r-o 
W 
~ 

>-Vlr-
=>z 
O=> 
wO 
zu 
<C 
-.J<C 
-.J-.J 
W-.J 
u~ 
Vlr-
~<C 
:::E:::E => 

CAD FILE 
Urw1o.rcgout 

SHEET 3 
OF 4 

• 



EMBANKMENT CROSS SECTION 
r- IO'-j 

668 

671 

C~~;;;;~~~~~~~~~~======~:ELEV' ---
EXISTII'iG POND BOTTOM 

\ [LEV, 

1 __ -;:-__ 200' -----0-11 

678 

675 
673 

671 --; 

66' 

N 

12' CMP __ 

° 60 

A 
~ ~ :;Izza) ~ ZZZIZZZZZZZZ 

SCALE IN FEET 

I-

SEqIDN 

GROUND 

1 

100' 
i 

AA 

. I 
\~::;;::::~E~L~EV~'::"66='~~ __ .Lo;::~ ;r; " , CONSTRUCTED 

EXCAVATE 
BASIN 

NOTES 
ESTIMATED EXCAVATION VOLUME ABOUT 900 
CU. YD, 
CDI'iSDLIDATE THE EMBANKMENT rILL USING A 
VIBRATING ROLLER COMPACTOR. USE AT 
LEAST TI.'O PASSES OVER l' THICK, LOOSE 
LAYERS. 

EXPIRES 6/30/2013 

f­
U 
W , 
o 
fl:O 
D. 

CAD fiLE 
l.IMc.rc:gpol'l~ 

SHEET 4 

" 4 


	Anspach_Designs.pdf
	CostEst_2012_9-9.pdf
	screen001
	Solvent%20Weld





