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Abstract

In cooperation with the Washington State University, Whatcom Conservation District, and
Washington State Department of Agriculture, the Washington State Department of Ecology
(Ecology) conducted a nitrate study on a 22-acre grass field near Lynden, Washington from 2004
to 2008. One of the study findings was that nitrate concentrations in groundwater reached high
levels (maximum of 43 mg/L nitrate+nitrite-N) beneath the field following conventional tillage
of the field.

This Quality Assurance (QA) Project Plan describes a planned 2009-11 study to compare the
effects of conventional tillage with the effects of minimum tillage. During conventional tillage,
the soil is disturbed 8 times to a depth of 3 feet, while the minimum tillage method only disturbs
the top few inches of soil one time. Because the soil is not completely turned over using the
minimum tillage method, there is less opportunity for soil organic nitrogen to oxidize and
mineralize to nitrate.

The field has been divided in half for the 2009-11 study, with three shallow monitoring wells in
each half. One half received conventional tillage, and the other half minimum tillage.
Groundwater monitoring will be conducted four times per year for both years.

Groundwater results will also be compared with soil nitrate, grass nitrogen uptake, manure
nitrogen applied, and climate data. If minimum tillage of grass re-seeded into grass results in
less nitrate release to groundwater and produces an equivalent crop, this could become a
preferred alternative for maximizing crop uptake of manure nitrogen.

Each study conducted by Ecology must have an approved QA Project Plan. The plan describes
the objectives of the study and the procedures to be followed to achieve those objectives. After
completion of the 2009-11 study, a final report describing the study results will be posted to the
Internet.
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Background

The concentration of nitrate in groundwater exceeds the Maximum Contaminant Level for
drinking water, 10 mg/L nitrate-N, in a large number of drinking water wells in the Sumas Blaine
Aquifer in Whatcom County, (Redding, 2008; Erickson, 2000; and Cox and Kahle, 1999). The
depth to water is less than 10 feet below ground surface in most of the aquifer.

The Sumas Blaine Aquifer is the sole drinking water source for rural residents of the northern
part of the county. Agriculture is a primary land use in the area, and dairies are a substantial part
of the agricultural activity.

Ecology, along with Washington State University (WSU), the Washington State Department of
Agriculture, and Whatcom Conservation District conducted a study to track nitrate
concentrations in groundwater, soil, grass, and manure at a grass field where dairy manure is
used as fertilizer over the Sumas Blaine Aquifer from 2004 through 2008 (VanWieringen, 2009;
Carey, 2009, in progress). Figure 1 shows the study location.

Conventional and Minimum Tillage Methods

Although not part of the original study plan, the dairy producer tilled the grass field to be used
for the study just prior to the start of the 2004-08 study using the local conventional tilling
practice. Nitrate+nitrite-N concentration in groundwater beneath the field peaked at 43 mg/L in
shallow groundwater the winter following tillage. (Nitrite-N is typically negligible in
groundwater.) Groundwater nitrate concentrations gradually decreased over two years following
the 2004 tillage.

An alternative to conventional tillage that causes less perturbation of the soil is available for
grass using a subsurface deposition aerator (minimum tillage). Because the soil is not
completely turned over using the minimum method, there is less opportunity for organic nitrogen
in the soil to oxidize and subsequently mineralize to nitrate. This theoretically decreases the
amount of nitrate available for leaching to groundwater.

The purpose of this study is to evaluate the difference in nitrate concentrations in soil,
groundwater, and crop yield in a field where conventional tillage is used compared to a similar
field receiving minimum tillage. The study site mentioned above, monitored from 2004-08,
offers an opportunity for comparing the effects of the two management practices. A grant from
the Washington State Department of Agriculture is helping to support this study.
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SumasBlaine Aquifer

D Monitoring Well

Figure 1. Study site location.
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In May 20009, the field was divided in half north to south (Figure 2). The eastern half of the field
was conventionally tilled, while the western half was minimally tilled. Three monitoring wells
are located in each half of the field. The same groundwater sampling methods will be used in the
2009-11 study as those used in the 2004-08 study (Carey, 2004) to facilitate data comparisons.
WSU will likewise use the same methods for sampling manure, soil, and crop nitrogen.

@ Monitoring Well

Figure 2. Study site showing where conventional and minimum tillage was conducted in
May 2009.
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Why Do We Care About Nitrate in Groundwater?

Widespread areas of the shallow Sumas-Blaine Aquifer, where the study is located, do not meet
(exceed) the drinking water standard of 10 mg/L (Chapter 246-290). Most rural residents of
northern Whatcom County obtain their drinking water from shallow wells near agricultural land
where nitrate or manure are used for fertilizer. Heavy precipitation in the winter months carries
nitrate not used by crops to the underlying groundwater.

Nitrate contamination reduces the ability of red blood cells to carry oxygen (Washington
Department of Health, 2007). Infants who ingest high levels of nitrate may develop
methemoglobinemia, or “blue baby syndrome,” a serious condition due to lack of oxygen.

Older children and adults can also experience health problems from ingesting water high in
nitrate if they have inadequate stomach acid or lack an enzyme that converts nitrate-affected
red blood cells back to normal.

Weyer et al. (2001) found a positive association between nitrate exposure and bladder cancer as
well as ovarian cancer in women.
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Project Description

The purpose of the study is to compare the effects of conventional tillage of a manured grass
field to the effects of minimum tillage on nitrate concentrations in groundwater. During 2004-
08, Ecology collected detailed background data (water quality and water level) for the study site,
including results following conventional tillage in 2004 (Carey, 2009, in progress).

Most grass fields fertilized by manure in the Whatcom County area are tilled every 4-5 years and
re-seeded into corn and then tilled back to grass after 1-2 years. Because a corn crop generally
has a lower nitrogen content than grass, corn is less effective for nitrate removal. Carey (20009,
in progress) observed that nitrate-N concentration in groundwater reached 43 mg/L following
conventional tillage of a grass field. If minimum tillage of grass re-seeded into grass results in
less nitrate release to groundwater and produces an equivalent crop, this could become a
preferred alternative for maximizing crop uptake of manure nitrogen.

The grass field that we monitored from 2004-08 was divided in half in May 2009 (Figure 2).
One half of the field was conventionally tilled, the other half minimally tilled. Both halves were
also re-seeded into grass immediately following tillage. We will monitor the same parameters
and environmental media as in the 2004-08 study using the same methods (Carey, 2004). The
weather station located in the field will continue to be used for continuous recording of
temperature and precipitation.

Beginning in August 2009, shallow groundwater quality will be monitored in the six existing
monitoring wells (12-13 feet deep), once in the spring of 2009 following the first manure
application and three times in the fall/winter for two years. Soil, manure, and crop nitrogen will
be monitored by WSU at the same frequency and using the same methods as in the 2004-08
study (Carey, 2004). Groundwater samples will be analyzed for the following parameters:

Temperature

pH

Conductivity

Dissolved oxygen
Nitrate+nitrite-nitrogen*
Ammonia-nitrogen*

Total dissolved persulfate nitrogen*
Chloride*

Total dissolved organic carbon*
Total dissolved solids*

*Filtered (0.45 um) in-line in the field.
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Organization and Schedule

Staff involved in the groundwater monitoring aspects of the project and their responsibilities are
listed in Table 1. All are employees of the Washington State Department of Ecology.

Table 1. Organization of project staff and responsibilities.

Staff

Field Office
Phone: (360) 715-5213

(all are EAP except client) viie FiES O e
Richard Grout
Director, Bellingham EAP Client Clarifies scopes of the project, provides internal review

of the QAPP, and approves the final QAPP.

Barbara Carey

GFFU

Statewide Coordination
Section

Phone: (360) 407-6769

Project Manager,
Principal
Investigator, and
EIM data
engineer

Writes the QAPP. Oversees field sampling and
transportation of samples to the laboratory. Conducts
QA review of data, analyzes and interprets data, enters
data into EIM. Writes the draft report and final report.

Martha Maggi

GFFU

Statewide Coordination
Section

Phone: (360) 407-6453

Unit Supervisor
for the Project
Manager

Provides internal review of the QAPP, approves the
budget, and approves the final QAPP.

Will Kendra

Statewide Coordination
Section

Phone: (360) 407-6698

Section Manager
for the Project
Manager

Reviews the project scope and budget, tracks progress,
reviews the draft QAPP, and approves the final QAPP.

Robert F. Cusimano
Western Operations

Section Manager

Reviews the project scope and budget, tracks progress,

Phone: (360) 871-8801

Section erreg]e Study reviews the draft QAPP, and approves the final QAPP.
Phone: (360) 407-6596

Stuart Magoon

Manchester

Environmental Director Approves the final QAPP.

Laboratory

William R. Kammin
Phone: (360) 407-6964

Ecology Quality
Assurance
Officer

Reviews the draft QAPP and approves the final QAPP.

EAP — Environmental Assessment Program.
GFFU — Groundwater/Forest & Fish Unit.

EIM — Environmental Information Management system.
QAPP — Quality Assurance Project Plan.
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Table 2. Proposed schedule for completing field and laboratory work, data entry into EIM,

and reports.

Field and laboratory work Due date Lead staff
Field work completed January 2011 Barbara Carey
Laboratory analyses completed March 2011

Environmental Information System (EIM) database
EIM user study ID BCARO0003
Product Due date Lead staff

EIM data loaded August 2011 Barbara Carey
EIM QA September 2011 | Barbara Carey
EIM complete November 2011 | Barbara Carey

Final report
Author lead Barbara Carey
Schedule

Draft due to supervisor June 2011

Draft due to client/peer reviewer | July 2011

Draft due to external reviewer(s) | August 2011
oo 0210 | octone 201
Final report due on web November 2011
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Quality Objectives

The quality objective of this study is to provide data representative of field conditions for
comparison with data collected at other locations on the study site, at other sites, or at other
times.

Measurements of water quality and hydrogeologic conditions may be used to:

e Compare groundwater quality data (especially nitrate) from conventionally tilled versus
minimally tilled locations at the field site.

e Compare groundwater quality data with historical data for the site.

e Compare groundwater quality data with data collected by WSU for soil, applied manure, and
grass crop.

e Compare groundwater quality results with data from other studies.
Table 3 lists the measurement quality objectives (MQOs) for assessing the quality of field and
laboratory data. These are the same MQOs used in the 2004-08 study at the site (Carey, 2004).

Manchester Environmental Laboratory is expected to meet quality control requirements for the
laboratory methods selected for the project.

Table 3. Measurement quality objectives for groundwater analytes.

Analyte Check standards Duplicate samples Reporting limit
(% recovery limits) (RPD) (concentration units)

Field
Temperature NA <2 4-30°C
pH NA <10 1-14 S.U.
Specific Conductivity 80-120 <15 1 umho/cm
Dissolved Oxygen NA <10 0.2 mg/L
Laboratory
Ammonia-N 80-120 <20 0.01 mg/L
Nitrite+Nitrate-N* 85-115 <10 0.01 mg/L
Total Persulfate N 80-120 <10 0.025 mg/L
Chloride 80-120 <5 0.1 mg/L
Total Dissolved Solids 80-120 <20 10 mg/L
Dissolved Organic Carbon 80-120 <20 1 mg/L

! Nitrite-nitrogen is typically negligible in groundwater.
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Sampling Process Design (Experimental Design)

This study (2009-11) immediately follows a study (2004-08) at the same location to track
nitrogen from manure in a grass field (VanWieringen, 2009; Carey, 2009, in progress). During
2004-08, the quantity of nitrogen applied as manure and taken up by the grass crop was
measured. Concentrations of nitrate in soil and groundwater were also measured.

During the 2009-11 study, we will monitor and evaluate the same media and parameters as the
previous study. We will also test whether groundwater nitrate in monitoring wells beneath each
half of the field (conventionally-tilled and minimally-tilled) is different from that measured in
2004-08.

The same six shallow monitoring wells will be sampled as in the 2004-08 study, three wells in
each half of the field (Carey, 2004).

Groundwater sampling in the 2009-11 study will occur before and after soil porewater typically
leaches to groundwater. Wells will be sampled four times per year: once in the spring following
the first manure application and spring rain, and three times in the fall/winter period (August or
September, November, and December or January). We will determine exact timing of fall/winter
sampling to represent the pre-leaching dry conditions (late August-September) and the post-
leaching conditions after significant rainfall (November-January). Sampling will begin in
August 2009 and continue through January 2011.

Dissolved oxygen concentrations in samples from four of the six monitoring wells are sometimes
in the range of 0-3 mg/L, the range where denitrification is likely to occur (Buss et al., 2005).
Dissolved organic carbon, the common electron donor for bacterial denitrification, is also in
good supply in the water from the wells (1-10 mg/L). Samples from the two wells that have
consistently high dissolved oxygen concentrations show no signs of denitrification. Both of the
wells with high dissolved oxygen are located on the minimally tilled half of the field (Figure 2).

Because denitrification conditions are not consistent in the monitoring wells, we will compare
the results of each well to its individual record.

Page 13



Sampling Procedures

The six existing monitoring wells will be sampled four times per year for two years (Figure 2).
LW-1, LW-3, and LW-5 are located in the minimally tilled half of the field; LW-2, LW-4, and
LW-6 in the conventionally tilled half. Drilling logs for the monitoring wells are shown in
Appendix B. The geologic logs are shown in Appendix C.

Groundwater sampling procedures will be the same as those described in Carey (2004). Water
level measurements will be made using the procedures in Marti (2009).

Measurement Procedures

Field and laboratory methods will be the same as those described in Carey (2004). These
methods are listed in Table 4.

Table 4. Field and laboratory analysis methods and expected range of results.

Standard Methods
Analyte Test Method
(APHA, 1998)

Expected
Range of Results

Field

Temperature WTW Field meter 10-17°C
WTW Field meter

PH EPA Method 150.1 | 077 SV

Specific Conductivity WTW Field meter 100-600 umhos/cm

EPA Method 120.1

WTW Field meter

Dissolved Oxygen EPA Method 360.1 0-10 mg/L
Laboratory

Ammonia-N* 4500-NH3 H 0.01- 70 mg/L
Nitrate+Nitrite-N* 4500-NO3 | 0.01- 70 mg/L
Dissolved Total Persulfate N* |4500-NO3 B Modified| 0.01- 70 mg/L
Chloride* EPA Method 300 1-40 mg/L
Total Dissolved Solids* 2540 C 100-500 mg/L
Dissolved Organic Carbon* EPA Method 415.1 1-15 mg/L

* Field-filtered (0.45 pum pore size).
WTW: Wissenschaftlich-Technische-Werkstetten (Weilheim, Germany).
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Quality Control Procedures

Field

Field quality control procedures will be the same as those described in Carey (2004) and are
summarized as:

e Calibrate all field meters at the beginning, middle, and end of each field day.

e Install new silastic tubing in the peristaltic pump for sampling monitoring wells at the
beginning of each sampling event.

e Collect one field duplicate during each sampling episode for all field and laboratory analyses.
e Collect one blind reference sample for nitrate+nitrite-N as part of each sampling event.

e Collect one blank sample (laboratory de-ionized water) for nitrate+nitrite-N as part of each
sampling event.

Laboratory

Routine laboratory quality control testing will be used to estimate the accuracy, precision, and
bias introduced by laboratory procedures. The results of this testing will be reported to the
project lead (MEL, 2008). MEL’s quality control sampling and test procedures are outlined in
detail in the laboratory’s Quality Assurance Manual (MEL, 2006).

The laboratory budget is shown in Table 5.

Table 5. Estimated laboratory costs for two years.

Number of Cost/ Cost_/ Numbe_r of Cost/

Analyte Samples/ Sample’ Sampling | Sampling Analyte
Event Event Events

Ammonia-N 9 $13 $117 8 $936

Nitrate+Nitrite-N 9 $13 $117 8 $936
Total Persulfate N 9 $17 $153 8 $1,224

Chloride 9 $13 $117 8 $936

Total Dissolved Solids 9 $11 $99 8 $792
Dissolved Organic Carbon 9 $35 $315 8 $2,520
Total Cost: $918 8 $7,344

1: Costs include 50% planned discount for Manchester Environmental Laboratory.
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Data Management Procedures

Field data management procedures will be the same as those for the 2004-08 study (Carey,
2004). Analytical data from MEL will be stored in electronic format in the MEL data
management system (LIMS). After the data are verified, they will be summarized in case
narratives and provided to the project manager.

Field and laboratory data for the project will be entered into Ecology’s EIM system. Laboratory
data will be downloaded directly into EIM from the LIMS system. Data entry into EIM is
conducted using established data entry business rules. The EIM data will be reviewed by the
project manager, staff entering the data (if different than the project manager), and an
independent reviewer.

Audits and Reports

MEL participates in performance and system audits of their routine procedures. Reported results
of these audits are available on request. Ecology’s Accreditation Program establishes whether
the laboratory has the capability to provide accurate and defensible data. To demonstrate the
laboratory’s ability to provide accurate and defensible data, the accreditation involves an
evaluation of the laboratory’s quality system, staff, facilities, equipment, test methods, records,
and reports.

At the conclusion of the 2009-11 study, the project manager will prepare a technical report
documenting the study procedures, findings, and recommendations. This report will include a
quality assurance evaluation describing data acceptability and qualification. The final report will
receive technical peer review by staff with appropriate expertise not directly connected to the
project. Publication of the final report is planned for October 2011.

Data Verification

Data verification is a review process to assess the quality and completeness of analytical
datasets.

Verification of laboratory data is performed by a MEL unit supervisor or an analyst experienced
with the analytical method(s) used. Laboratory-generated data reduction, review, and reporting
will follow the procedures outlined in the MEL Lab Users Manual (MEL, 2008) and the MEL
Laboratory Quality Assurance Manual (MEL, 2006). Data will be examined for errors,
omissions, and compliance with quality control acceptance criteria; data qualifiers will be
assigned where necessary.

Findings of the data verification effort will be documented in a case narrative prepared by the
appropriate MEL staff member. The case narrative will be forwarded to the project manager for
use during data evaluation.
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Verification of field-generated measurements will consist of review of the completeness and
accuracy of field notes as well as evaluation of field quality assurance test results. The field lead
will check data received from LIMS for omissions against the “Request for Analysis” forms.

Data Quality (Usability) Assessment

If measurement quality objectives have been met for all sampling episodes, the data will be
considered acceptable for use except as qualified during the data review and validation process.
A paired t-test (or non-parametric analysis if appropriate) will be used to evaluate differences
between water quality before and after the tillage treatment at each monitoring well. We will
also conduct time-series analysis of the groundwater data and compare to results for manure
application, soil nitrate, grass nitrogen uptake, and climate data.

Results from this 2009-11 study should be comparable to results from previous studies
conducted in the Sumas-Blaine Aquifer area by Ecology, the U.S. Geological Survey (USGS),
WSU, and Western Washington University. The test methods and sampling procedures
described in this Quality Assurance Project Plan are the same as those used in previous Ecology
studies and are comparable to USGS methods. Routine test methods will be adequate for this
study.
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Appendix A. Glossary, Acronyms, and Abbreviations.

Glossary

Conductivity: A measure of water’s ability to conduct an electrical current. Conductivity is
related to the concentration and charge of dissolved ions in water.

Conventional tillage: A common tillage method used to prepare soil for re-seeding a crop in
western Washington using the following equipment: sub-soiler, plow, disk, seed-bed
conditioner, cultimulcher, and rototiller. The top 3 feet of soil are disturbed using this method.

Groundwater: Water in the subsurface that saturates the rocks and sediment in which it occurs.
The upper surface of groundwater saturation is commonly termed the water table.

Manure nitrogen: Nitrogen derived from animal waste in the form of ammonia, nitrate, organic
nitrogen, or total nitrogen.

Minimal tillage: A method for preparing soil for re-seeding using a subsurface deposition
aerator. Only the top few inches of soil are disturbed using this method.

Parameter: Water quality constituent being measured (analyte).

Porewater: Water occupying the spaces between sediment grains located between the land
surface and the water table. Water pressure in this zone is usually less than atmospheric
pressure. Flow is dependent on the degree of saturation.

Tillage: Prepare land to raise a crop.

Acronyms and Abbreviations

Ecology Washington State Department of Ecology

EIM Environmental Information Management database
GPS Global Positioning System

LIMS Laboratory Information Management System
MEL Manchester Environmental Laboratory
MQO Measurement quality objective

QA Quality assurance

RPD Relative percent difference

RSD Relative standard deviation

SOP Standard operating procedures

SRM Standard reference materials

USGS U.S. Geological Survey

wWSuU Washington State University
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Units of Measurement

°C

cfs

ft

mg/Kg
mg/L

mL

S.u.

Hg/L
umhos/cm
uS/cm

degrees centigrade

cubic feet per second

feet

milligrams per kilogram (parts per million)
milligrams per liter (parts per million)

milliliters

standard units

micrograms per liter (parts per billion)

micromhos per centimeter

microsiemens per centimeter, a unit of conductivity
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Appendix B. Driller Logs.
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HOLT DRILLING, INC.

/ , "
Project Name Ja(k””"’" R+ H" st £l

Well Identification #Af 6 72/, 22,23 A4, A5 +37

Resource Protection Well Report

Q-25-0Y Thvough £-27-9Y4

Date -
4/6 A A/‘EL) Y4

County. &Jéﬂ'f@m

Drilling Method et HsA Section / T TON R__tE
Driller £ ,é’,wu_'; / L. Sm "7‘71 Street Address wJckimon €l ¥ “H'st kel éy”“a/"-")
License #___ <2207 /227 Start Card £ 65075
Consulting Firm ﬁ;ﬁ% ot Er:o@;ff/
“ AS-BUILT WELL DATA FORMATION DESCRIPTION
T T
!
1
| L MONUMENT TYPE:
1 1 R
Ay st D
I vl = CONCRETE SURFACE SEAL W .
: YR J o a 7 :
! N !
N N 7 el |
N N PVOBLANK 4 _'x /2 @ Frie Somd
\ § |
PR P -
\ '\\ BACKFILL 9’ ft.
Q ﬁ TYPE'EM‘/M f?Lf ("Z("S i
- v ’EY !
E 5./ /7 f_'f aie Sanm r/ i
1 g —
hl = PVG SCREEN_=% " ‘7’
— SLOTSIzE__« 020
E TvPE__ PV e :
—] < GRaveLPack BB ft.
—— —y —
— MATERIAL: i
- ﬂ s
—+ o REMARKS —+
— WELL DEPTH / 7( ! ! ‘
. -
i
i i
I 1
4 !
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HOLT DRILLING, INC.

Resource Protection Well Report

/

Project NameJnK et :‘?q’ +H 5t Kol Date L-ab-0

Well Identification # AKG 726 _ County_ &anTeon WE v MWy,

Drilling Method G pSA Section / T_%o0N R < E

Driter & Keyuss / D. Sm:7% Strest AddressyJgcbimom Kol H 57 Bd L/w«é-.«'/

License #__ 270/ /227 : Start Card R 6SO9%

Consulting Firm ?64’74 of _Ew/;«,‘;g
AS-BUILT WELL DATA FORMATION DESCRIPTION
_ _
AR MONUMENT TYPE:
: [ ] ! ::’:: Flash o s
+ M {,)/" CONCRETE SURFACE SEAL '77577”_ 4
N 2t |
[ - TFw !
§ § PVC BLANK <2 "X 30 oo s/

T \ % BACKFILL _ =2 7 ft. e
1 s Q TYPE: _grw?/&u%’ (f-—o.aﬂL / |
E b ;-é—ejv,/;i; ‘;‘/“5-2 ft i
E E 5//}‘67 Z/r\hfc 5"""‘"/ i

T —= PVC SCREEN_=2'x /O | —+
! — SLOT SIZE:__~O 2.0
| — Tvee_ Y& 32. o4

— Fore S et |
— eraveLpack _ /7 . i

T — MATEHIAL:M i

1 E ftl |
— !

T — REMARKS 4
i — WELL DEPTH__ 7" o

+ -1

!
!
]

Signaturecz“/% ,%/I% '/"?'24/; 127;:7/

332.FDB/D41029,EPS
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Appendix C. Geologic Logs.
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Geologic Log Study TL: L]
Unique Ecology Well ID Tag No. A KG- ?&ﬂ e
Site Address H St ledlf '

City Lyndén  couny: _hatcom

: EWM circle
Location M- 104 14 Sec_ Twn____ R O ome

) WWM
Lat/Long (s,1,r  Lat Deg_"Lf_ Lat Min/Sec 9.7 EEXJ
LongDeg A2 Long Min/Sec _2%/25 (e

i — 1

Cased or Uncased Diameter _#Z Static chcl_éQﬁiz_

Date 5/ A5 /04 ) r’i”fﬂ; Method : fHollow ~stem aueer
- iy Ao ten, soh. Sy 1/ surfaer elevation: 150,00
Dritter 1ol { Dyl ”L{?f’m{ 1 49 o l‘f"(%/m! ;\sés 12 mup)

Hydrogeologist P i ( ‘/1,1"{'/\/,: Ecvloy ¥

Construction/Design Well Data Formation Description
! B & Conerelle 1 Sl l low Dok broan , jofsoil :
[;Lu{hﬂudd/ _:-j(jgﬂ_& Count Cipe SAND Wit s-.‘H‘) Aok |
: (’lgltfé E’\N — N f:'raaﬁt, . :
| b _ ) SR — |
oy ) oy ] ’ T AN D i
: Do) T sy | Medon g 0|
c O — B s
- S ofa SILT moftled, aumpau»‘fﬁti !
| A4 i
| ~ I
! - Fire SAND, qray and ght |
bty T St 5517 broum [
| <l <X s licalsend  |S2 55T " f
r VLN ) - !
/()‘ ‘, Jo.0d ”); - - / / , - ﬁ }+ : /OE
Y 7 e aray SHN D wiite st
‘r {.ﬂ(ml,o,ﬂf‘rt 57118 Ff{;ﬁf{éf’ﬂ)f AN ! oo
| 1
I |
— . bott e 55 T
— i A_(' : R - Fine = medium Jroy SAND, |
,tg"l—lr . = - 5 - . wmtmrab@wi/\a "l,-f‘fj
| 1[ St A /}f’/q !
| ol A !
e -
IE—— |
i i
- |
!
a0 ) i
- v |
| L |
. i
L - i
! !
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AK G- 72])
Construction/Design Well Data Formation Description
r 5 ol Soi Sl w . P
! <}\/ L‘(‘%MQ* © %;m}x le Counts D&VfC brawa ,{’ILLF’WC- *ﬁ:ﬂ.w‘.‘!
pope 0ot e o S—
Al I ) Bt psp);sf“) ,
1 {”u;r(“@ Tt / ¢ :I}'f @7/t
e — - Fine to medum gre:
5l L {5 SAND with some s/ [t
i
i e S
R P R nl
oves S : s34l . ‘
|[ (l}f}: (ﬁL - ) (sf,t,).(olm.l) F—j. n ('V&L}’ _S 4 ND w er ,
/Oi ! :((J.Ue}“[' S NP _ Y ";:-‘H”} (,(am// ot F;’j
L B s 5l wet at o
! )
I : T
| AP My Y0 ) AR ) .
f WK 55 T
| A 5 s
j‘;’+ ‘,f}’f
1 |
I s - !
| |
i
h i
I
’ I
I
4
|
!
[
1 |
. I

Geologic Log

Unique Ecology Well ID Tag No. /I K (G -722
Site Address _H St L.

City _Lyndén _ County: _What com

EWM
Location ___1/4-1/4 __1/4 Sec____ Twn R or ’;;f"
WWM
Lat/Long (s,t,r  LatDeg Lat Min/Sec
Long Deg Long Min/Sec
f
Cased or Uncased Diameter Static Level _Es’i

Date 5-{/\45—/04'
Driller Jlulf Dy}Hi‘ﬂd, theltan, wit
Hydrogeologist ﬂ’éi vhara Curﬂ}h £ CU/H:@"}/

(O roUArt A Surf el

(from USGS 1424,

Study TV L w-o

DV&”H’\Q /J’leﬁwd: //o//aw-bf‘ei,f')‘l ALy

Eleyadion: 12 50"

a7D map, relafive fo

i
|
i
i
!
1
i
i
I
I
!

e
!
1
1
|
1
!
1
|
1
|
|

_-
I
I
|
!
|
i
|
i
I
|

=5

Page [ of [/
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Geologic Log

Unique Ecology Well ID Tag No. A KG- #23

# st £

Site Address
city _Lynde County: What eam
. EWM circle
Location Va-1/4 g See_ Twn— R o o
WWM
LavLong (.17 LatDeg_ 4 LatMinSec _ﬂ_LtQE
LongDeg 22 Long Min/Sec ﬁ@w
Cased or Uncased Diameter Static Level_luw

Date #?/—QSI/U"IL
Dritler Holl Dvilling, i [fon, wh

o LPavbare Cavey, Eeolog
Hydrogeologist v - ,j/

Study TD: w3

Dritling Methoc: Hollow ~3lem auger

Ground surface elevation: 120684’
(From USGS [14,d0D maup relative fo

AKG-72].)
Construction/Design Well Data Formation Description
] % p el Soi Dlow — i
!r éé'(r / Lo 52'%_;)!«:, counts 7 (‘)ﬂ.'suii {
: LY %l B %/ it £ B :
| o) | |
FamTpye i Si ;/‘2;/;7{, Groay SILT with some :v'MW{/ I
b ."5“75";{3"4 - avange m.off}:'nké}', (’d)n!()lu?ff’é»l'{
- . . Iﬁl»’b il ] Fine broum sAND _ |

B R P

ok

S St 53
aatted L2y Ji
|5 R E‘

/UI;* /0,079) o' {b’/f.‘l&,"”") )
IL I‘w"
I
, T ey [
| Y

15T 1!
| R
! - e
|
I l
L R
|

i /3

2519

Shofid

Fine 10 mediwm sﬁr\iD,bmﬂxH
gray, domp of §.5°

Medium 1o fine SAND, gray ¥ black.

|
. i
Mechium 1o fing SHND, ey T
black , some ova gt 574 Enfr‘kﬁ}
abot  jo -5’ ! *‘

wET

Page Z of |
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/0

-,

Geologic Log
Unique Ecology Well ID Tag No. _ﬂ‘ KG- ]1-4
Site Address /1St fo( .

City _L\,LLLZL&‘%— County: _[L ot cem
R

Location ___1/4-14 ___ Sec Twn____ WM ’;'fs‘

LavLong (s,t,r  LatDeg *A LatMin/Scc By, 47
Long Deg 122, Long Min/Sec M 03

Cased or Uncased Diameter _2."__ Static Level {25 '

Date XI/ -Z(J /(J"lr'

Driller f[ )h”fﬂy DH”‘ﬁd

-
Hydrogeologist Prurbive La.r(’/\/

(vru{,wfui Suw{au E levection,

Study 17; L+

Method : Hollow Stem A‘L(ngf

j 24 9%

(From WSGS |24, 69D mop, relative fo
Ak o 721.)
Construction/Design Well Data Formation Description
i ,\"2& o ) ) Soil Dfow ~ e i
i <X< Q} GRS B s ﬂ\{}jt— ,E_(i{_'{..“?jl‘ Du y{li bv’r) W fﬁ’[yx‘,th / :
l . ; s S ‘/."\‘,_ S S - |
0 [ /
: o ,{/\!4« o f’_"if})ﬁd."}}il DL"! - 6 r l
™ F? i el 4 p ok Shhe
| &W@y‘clfﬁ L t»{aﬂ{)sr 1 IS/ /a4 Drow 51 E
R |
: g P S L, - Frpe broun )HN’D ””ﬂ sonu el Tb
1 o ’.l o :’:Sfi_, )/?/H brown_ 51 1
| - —= ol e |
| M i ( ) R |
I Meddtum gray ard black sAND, 1
: e <3 @/[f/j,l. 0% fia l,f)e,,l' >!ij/) v /}\ " {)Lf.”!drf’éi} l
| )hj#{c T . J {&ﬁ{(:.ﬁfﬂf o‘! fini samidy !
| Geneai )rmif |
|0 (o ,wﬂ} L E!{/‘i?/'ﬂ-‘#) I arhﬂ ad g! j:.-'/{)’
| 1" Lf-,f {9/5’/!/ (}Lfol'!u m o coarse browt SAND
“ L woi e JO) — R0 r}mw/r ;oi.‘»\d‘f(("
t— to subrounded , wET |
! 1
b - ) !
{ [3 5 dhoafy f
I - |
: 15! s’
! i
— e _— 1
! |
L S —_— - |
! I
! J |
r‘“‘ T - ; |
R — |
. i
i
!
f
[
[
I
1
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Geologic Log

Unique Ecology Well ID Tag No. AK G- 725

_éfud;f 1D Lw-L

Site Address 51, F£A.

City /_..Efmde/lx, County: _(hgdcam

Location 1/ 1/d____1jq Sec Twn R “{‘:{M C;;‘:"
WW

LatLong (s,t,1  LatDeg_“& Lat Min/Sec 5.9 / 544

Long Deg L2 Long Min/Sec 22/ 26

i
Cased or Uncased Diameter __

Date g”/_z[; ,/ 04
Driller Ho/f Dﬁ'/}n"lﬂ

VL
Hydrogeologist f%ftlbﬂ»ﬂ Cu ‘”1‘ ;/

Static Level M

Dri ”! n;) 7 t’i,ff:r.uft{‘. _ /{%J.’!U (.541'5{-&'{4”‘ Auj“’
oround  Surfer Eleyation i 128737
(From USGS 129080 maop, reladive 1o

AKG-721)
Construction/Design Well Data Formation Description
i Soil & fow . {
; §~m.mz}f‘éf’ sumple _counls Top50i :
! — LT
: P ] i
i'gi!; {)‘;‘;& 2 -frlw\.:l"‘ T f‘ / /4 F b D L Ilf(' :
FIRASxE T s ¢ e 5 2/8/4 (nL brown SANDwith 57y
!l mwﬁ“f’ti : , L ‘()’(jy) 4 Orahgr ;4(0{1'1;11\3 !
I oeasitg [ y !
i N e T -5
o pe L Eesdice SL ify)s i
! Ll samd A i
! 1o -20) ) |
T Eipe SAND | seme pacdiom !
s 4fsfr | greind sawp oS and
~ | L at b lamd > Proam |
0’ - ot shallw ceph, gy 1
N sy deeper. !
FLaTF Jot L
(F/oFfed) {
I
- i
b o ’ :
caf N . ) I
e 15! I‘w‘l Gfqfa Ls5!
e 1
I
I
- - I
I
I
f I
| |
T T
‘l - |
! l
T i !
] |
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Geologic Log

Unique Ecology Well 1D Tag No. _AK.G ~ 7200 Study TP Li)-5D

Site Address _{} <t £d.

City Mﬂ\— County: What can

Location 144-1/4 1/4 Sec Twn____ R___

EWM circle

one
W ’M

LatLong (s,t,7  LatDeg 4 LatMinSec xS
Long Deg /42 Long Min/Sec _20/ 36/

Cased or Uncased Diameter _2"__ Static Level /0]

Date z’}/,ﬂ; Jod

Dritier Lot Drilling

‘Dyiﬁmﬁ mofhad . Hollow - fem /]“%”’

black  sSAND

=

1 4 afrof55)

TS5 fosampfe

Hydrogeologist Darbure Carey Grownd Swefaet Elevadiom o 2968
(from USGS |:24,000 map, relative fo
MG-721.)
Construction/Design Well Data Formation Description

\[ @*"*‘ Conersfe Soi ’ ‘ [ "'“'; -Tﬁ,p:f;t‘)': l[ E

k Swum@ie Couhls -

| - Sumple - Couniy Sy |

i ] Fine brosn sAND w] i1t moffling |

’ 7

,Lr i Fine SAND . sevi medivm gruineel, !
/ g ! f wl g A g !U
fO T NT 7 e Brown od }MM ) fe[/.f ’J‘”‘Y -1—

Ee < ~ ) s

TR | GERed) Aeapr, |

R NIY Lk R o |

Lausind [ 5 ‘

ey X < & o L

[ ’ ",/,’wmb:'ﬂfi*" I 2 " /U/ML Fing qray SAND wilh s It |

' s ‘ |

f I ralgn) | ;
ol i lﬁ ,ﬁ/ ) { | Q.,O
20—+ -~ 2 . T

07 / Tso e

|

I

3 0 I ] TS 9 T Ff‘;u fo pred it gqray gk

! T 1S3 | F Jref

[ ;:}Lﬂﬂ;“_ml 4 . i .
I Y saf Ho s o ——

Fine ﬁm\/ SHND Auvairy f

R (‘um()aaf el qriy SILT af
L e i e ] j%,{,! vy ha.vda

fo'

[ ﬁ;.,.___.._____Tl_____._.____.-
&
Q—.
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Geologic Log
Unique Ecology Well 1D Tag No. AKG - 7»1?"
Site Address /451, ,(’_Jgf

City QU_IQM— County: Lohat e o

Stody TD: Lb2-

EWM
Location VA-1/4 34 Sec____ Twn R or c;:,fg
WWM
Lat/Long (s,t,r  LatDeg Lat Min/Sec
Long Deg Long Min/Sec —

Cased or Uncased Diameter 2" Static chel_fi

Date __% //-C!"(P/Offi o 7

Dritter _Hall Diillina ) (/t’f/i//f/lé aiathod : Hollsw ~stem ALy

Brownd. surfaon efeyafion: |2FHY

(Fram WsGS )iath 000 maps relative fo
AK G -72].)

Hydrogeologist P Curey

Construction/Design Well Data Formation Description
i B dfe Soil Blou _ . i
s S V| SAOTIE fe o J ),"r)f/
o re o % - sanple  counts [ops —
bogfushs, |27 bentonilfe - . !
RSP, Pl S L) A e gt silt heoame
e e e/ Y [ine SAND o T
::}f\ahu'\j(j ,& 7 u}u{JSC')’X) l DZ/zl/Ht (‘:Jﬁ« X PR Mohlfi{\j’ :
R —- - R Ll I . J
z al
r T sks |
I
|
|
I ;%‘5/5/&' Frne to pedinm qray and |
brown s, ek af z' )
I
-~ T
l 2/6l10 !
!
|
i
|
T i i
! ‘b/g / [0~ o
- !
7 I
I
_ - |
i
|
|
B |
|
R —— —+
l
I
|
- i
i
e e ] |
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