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Summary 
 
In the spring of 2009, Clallam County Environmental Health Services (EHS) prepared to conduct 
reconnaissance monitoring of groundwater quality downgradient of urban and suburban land uses in the 
City of Sequim.  County residents outside the city are usually served by individual or shared private 
wells tapping the shallow aquifer, and concern about impacts to groundwater and water quality in 
general from stormwater runoff prompted the Clallam County Marine Resources Committee to fund this 
study.   
 
A monitoring plan for a short-term field effort was prepared in consultation with Charles Pitz, a 
hydrogeologist from Ecology’s Environmental Assessment Program and a cooperator on the EPA grant 
managed by Clallam County Department of Community Development investigating stormwater 
impacts.  EHS staff coordinated the field effort with the goal of determining generalized groundwater 
flow patterns and vulnerability of shallow wells to impacts from surface activities.  All results are 
presented in Appendix A; study well locations are shown in Figure 1, and groundwater flow direction 
and nitrate concentrations are mapped in Figures 2 and 3. 
 
Nitrates were detected in all study wells sampled at levels below safe drinking water levels; however 5 
of 16 (31%) exceeded half the drinking water standard of 10 mg/L (commonly considered a trigger for 
more intensive or frequent testing).  Thirteen of 16 wells sampled (81%) exhibit levels considered to be 
evidence of impact from human activities on the land surface.  Recommendations may be found at the 
end of the report; they include monitoring for nitrate in other areas and for stormwater contaminants in 
wells showing vulnerability to land activities. 

                                                
1 Health & Human Services Dept., 223 E. 4th Street, Suite 14; Port Angeles, WA  98362; 360-417-2424; asoule@co.clallam.wa.us  



Clallam County MRC Groundwater Quality Study, June 2009 Page 2 

 
Background and Objectives 

 
As planned with representatives of the Clallam County Marine Resources Committee (MRC), the 
objective of this project was to investigate groundwater quality as it might relate to marine water quality 
with regard to stormwater contaminants.  The project was intended to build on the 2005 study by 
Clallam County Environmental Health (EHS) establishing baseline groundwater quality for County 
residents with drinking water wells downgradient of commercial/light industrial development in City of 
Sequim’s western city limits, a.k.a. the “focus area” (Soule 2005).  It also responds to goals of a 
concurrent stormwater assessment project managed by Clallam County Dept. of Community 
Development under an EPA grant.  
 
Recommendations received by state specialists cooperating on the EPA project have been incorporated 
in this project (Pitz 2009a and 2009b).  In particular, Pitz recommended enlarging the area of interest 
beyond the focus area to include a larger region downgradient from historically urban zones, and to 
begin the groundwater quality assessment by “screening” study wells in the shallow aquifer to 
determine their relative vulnerability to contamination.   
 
 
 

Methods 
 
A monitoring plan for the project (Soule 2009) was developed in May 2009 by EHS after a field visit 
and consultation with Charles Pitz of Ecology’s EAP.   
 
Soule selected wells for study which were completed in the shallow aquifer downgradient from urban 
areas around Sequim.  Well selection priorities are fairly standard for this type of study and included:  
 

a. Must have a willing well owner (and tenant if applicable),   
b. Should have a well report (log),  
c. May have records from previous investigations, 
d. Should have an accessible wellhead for measurement of water level,  
e. Should not be located adjacent to an unlined irrigation ditch or pond,  
f. Should tap shallowest zones of the water table aquifer, and 
g. Must be able to produce raw (untreated) and fresh (not from a storage tank) samples. 

 
The study included 21 wells: three were from the 2005 stormwater study; two were considered 
upgradient; three were water table piezometers installed by Clallam County in 2008 (useful for water 
level measurement but not sampling); all others are in current use for domestic and irrigation purposes.  
Figure 1 shows the study area and study wells including depth.  Additional well characteristics are 
included in Appendix A; all available well logs are found in Appendix B.   
 
Sample analyses were selected based on recommendations (Pitz 2009a) that general vulnerability to 
contamination be assessed in “Phase I” before spending the resources necessary to sample and analyze 
for specific stormwater contaminants (potential “Phase II”).  Specifically, nitrate was chosen as a good 
screening parameter for Phase I because it is conservative and mobile in groundwater relative to 
contaminants typical of stormwater such as hydrocarbons and metals, which are adsorbed by most soils 
for some length of time.  The project monitoring plan details the selection process; Table 1 lists 
potential analyses and associated details for Phases I and II. 
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Table 1.  Constituents of interest 
 
Constituents of interest Analytical method  Detection limit State 

standard* 
Price per 
sample** 

nutrients:  PHASE I 
Nitrate as N (NO3 as N) Lab 
Nitrate as N (NO3 as N) Field 

 
SM 4500-NO3-D 
EPA 353.3 

 
0.5 mg/L2 
0.4 mg/L 

 
10 mg/L 
10 

 
$25*** 
$1.25 

other inorganics:  PHASE I 
Chloride  Field (optional) 

 
SM 4500-Cl- E 

 
2.5 mg/L 

 
250 mg/L 

 
$1 

metals (total):  PHASE II 
chromium (Cr) 
zinc (Zn) 

 
EPA 200.7 (ICP) 
EPA 200.7 (ICP) 

 
0.001 
0.001 

 
0.1 mg/L 
5.0  

 
$10 
$10 

pesticides:  PHASE II  
Chlorinated pesticides scan 

 
EPA 608 (GC/EC) 

 
Various (ug/L) 

 
Various  

 
$75 

other organics:  PHASE II 
Hydrocarbon identification 

 
NW-TPH-HCID 

 
?? (mg/L) 

 
Not defined 

 
$50 

pathogens:  PHASE II 
Total coliform and E. Coli 

 
SM 9221 B, 9222 B 

 
MPN or MF 

 
1colony/ 
100mL 

 
$30*** 

*Ecology, 1996, Appendix A 
**AmTest, Inc., 2004 
***when included in 2009, will be by Twiss Analytical Laboratory in Poulsbo, WA 
 
 
County staff and assistants visited all study sites within the 10-day period from 5/27/09 and 6/5/09.3  
Protocols established in the monitoring plan were followed for each task.  Staff assistants initially 
visited each site to attempt access to the wellhead for measurement of static water level.  At a follow-up 
visit Soule and volunteer assistants purged the well, collecting grab samples from a hose at 3-5 minute 
intervals.  Dissolved oxygen, conductivity, pH and water temperature were measured from the bucket 
samples using hand-held probes.  After field parameters stabilized (about 17 minutes on average), 
nitrate was measured using a Chemetrics V-2000 photometer.4  Duplicate measurements were made for 
one well and a measurement was made on deionized water, for field QC purposes.  Replicate samples 
from two wells (12.5% of the number tested) were collected in bottles, cooled and delivered to Canal 
Pumps for nitrate analysis by Twiss Analytical Labs in Poulsbo.   
 
Other field activities often included tagging the well with Ecology unique ID #s (9 study wells tagged), 
sketching and photographing the site.  Chloride was an optional test for Phase I and was not tested; it 
should be considered for Phase II if sources such as road salt or septic effluent are identified.   
 
Data entry of well logs and field notes to a spreadsheet was performed by a volunteer with QC by Soule, 
who then mapped well locations in the County’s GIS.  Pitz used 2-ft. Lidar to establish the wellhead 
elevations, and the default Kriging method in ArcMap 9.3 to generate water level elevation contours. 
 
The author wishes to also acknowledge and express thanks to water level field assistants Robert Knapp 
and Steve Bengtson (Clallam County DCD), and to sampling and tagging assistants Dick and Rhonda 
Dapcevich and data entry assistant Betsy Robins (Beachwatcher volunteers).

                                                
2 mg/L is equivalent to parts per million (ppm) 
3 One well couldn’t be measured until 6/18/09 
4 Chemetrics “Nitrate3” ampoules were normally used, which measures nitrate within the range 5.0 – 50.0 ppm as nitrate (1.1 – 11.3 ppm as 
N).  For samples expected to be near the lower end of that range, “Nitrate2” ampoules were used, with a range of 0.40 – 3.00 ppm.  All results 
are reported here as nitrate-as-N.  
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Results and Discussion 

 
Appendix A contains detailed results for all wells and all parameters tested.  A discussion of each 
follows. 
 
Groundwater Flow 
Static water level data are fundamental to any investigation of groundwater hydrology.  The direction of 
groundwater flow may be determined from the elevation of the water level in multiple wells tapping the 
same aquifer.  Accurate measurements of the elevation of the ground surface at several wellheads, 
height of the measuring point used for each well, and depth to water when it is in equilibrium are all 
needed to determine flow direction accurately, in addition to details of the geologic layers each well 
passes through.   
 
Figure 2 shows the water level elevations in study wells for the study period and the inferred direction 
of groundwater flow, 20-30 degrees East of North (flow is perpendicular to elevation contours).  This 
generally agrees with earlier estimations of groundwater flow direction for the area east of the 
Dungeness River near Sequim (Thomas 1999, Soule 2005); however, the interpretation around the 
margins is least reliable and should not be extrapolated.  It also agrees with findings of Simonds and 
Sinclair (2002) that the Dungeness River infiltrates water to the ground over most of its lower sections 
(the water table mounds under a losing stream). 
 
Nitrates 
As described above, nitrate is a good parameter for tracking general trends in groundwater quality.  
Groundwater in the Dungeness watershed is naturally very low in nitrates (usually <1 ppm as N), but 
when nitrates are found, the annual high may be around June (Sinclair 2003) – the same time of year 
this study was conducted.  Nitrate concentrations ranged from undetected to 7.9 ppm nitrate as N; the 
median concentration for 16 wells tested was 2.7 ppm.   
 
Figure 3 shows the geographical distribution of nitrate concentrations, along with irrigation ditches and 
other surface water features.  The area with the most consistently elevated concentrations is north of the 
city limits east of Sequim-Dungeness Way, and the areas with the most consistently low concentrations 
are furthest west and northwest of the city limits. 
 
The drinking water standard for nitrate as N is 10 ppm; however, concentrations above 1-2 ppm (81% of 
wells tested) are not natural and indicate a degree of degradation from land activities.  Nitrates above 5 
ppm (31% of wells tested) indicate advanced degradation and the potential for other contaminants to be 
present, depending on the source of nitrates.  Clallam County EHS recommends re-testing at least once 
per year when the concentration exceeds 5 ppm (all private well owners should test for nitrates at least 
once every three years). 
 
Many activities potentially contaminate groundwater, especially where soils are very permeable and/or 
the water table is shallow.  Nitrate contamination in groundwater can be caused by over-fertilizing, 
accumulations of animal waste, and septic systems.5  Nitrate concentrations within aquifers change from 
season to season and time to time depending on the concentration, amount, and timing of contamination 
entering the aquifer, as well as the aquifer media (clay, sand, etc.) and potential for dilution and/or 
denitrification.  Historic land uses may cause “legacy” contamination as nitrogen compounds deep in 
the soil continue to leach out over time, after the land use has changed.  Urban stormwater does not 

                                                
5 Acid deposition from the atmosphere may also be a source of nitrogen compounds, but is expected to be minor relative to other 
anthropogenic sources in this region. 
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typically contain substantial loadings of nitrogen compounds unless the runoff contains fertilizer such as 
from intensively managed lawns or crops.   
 
To further examine available data for the study area, Soule compiled and analyzed two sets of existing 
nitrate data.  First, a plot of nitrate values associated with building permits since 2006 showed a few 
occurrences of nitrates in the 3-5 ppm range to the southwest and north of the city limits.  There was one 
value >5 ppm, in an area where only the lowest levels were found in this MRC study.  Second, a cursory 
review of nitrate results since 2006 for water systems testing at the County lab showed several 
occurrences of 3-5 ppm nitrates to the southwest and north of the city limits, but nothing >3 ppm in the 
northwestern-most area.  There were also at least 6 occurrences of nitrates >5 ppm to the north of the 
city, and half of those were near wells found in this MRC study to be <5 ppm.  Well depths were not 
available with these data sets, but the majority of wells drilled in the study area are completed in the 
shallow aquifer according to Ecology’s well log database. 
 
These analyses illustrate a common finding in local studies of nitrates in groundwater: nitrates often 
vary from low to high across small distances.  Geologic and hydrologic variation in the subsurface, 
distinct well construction (and well sealing) and diverse, erratic sources of nitrogen to the environment 
all contribute to the inconsistency of nitrate concentrations in the shallow aquifer.  Figure 3 shows well 
depth along with nitrate values to convey the importance of depth when comparing concentrations 
within a localized area, but several other factors that affect nitrates can’t so readily be conveyed.   
 
For example, the groundwater flow directions shown in Figure 2 support the theory that infiltration of 
relatively uncontaminated Dungeness River water6 could be diluting nitrates to some extent, over some 
distance.  Open irrigation ditches that may also leak water are shown on Figure 3 but high nitrate wells 
are found both near and distant to these.  Factors to consider when testing these correlations include 
ditch water quality for the study period at these sites, and amount of ditch leakage, at minimum. 
 
Dissolved Oxygen 
Dissolved oxygen in groundwater plays a role in the occurrence of nitrate because the nitrification 
process involves oxidation of organic N and ammonia to nitrite and nitrate.  Groundwater with a high 
level of D.O. such as might be found in shallow, fast-moving, and/or more permeable zones would 
probably facilitate the nitrification process when nitrogen is introduced.  Likewise, low D.O. levels 
would inhibit nitrification (however, many other factors including presence of certain bacteria also 
influence nitrification). 
 
In this study the range of D.O. was 40-102%, but all wells with the highest nitrates (>5 ppm) had D.O. 
above 70%.  (Note that high D.O. levels can’t be used to predict high nitrates since there may or may 
not be a source of nitrogen.  In this study there were several wells with high D.O. that had relatively 
lower nitrates, but as expected there were no wells with high nitrates and low D.O.) 
 
Specific Conductance 
Specific conductance is highly dependent on the amount of dissolved solids in water.  A correlation 
between field-measured specific conductance (in microsiemens per cm at 25oC) and lab-measured total 
dissolved solids (TDS, in mg/L) was established in a prior study of groundwater quality in the western 
part of the study area, and is presented in Figure 4.  Like nitrates, high concentrations of dissolved solids 
in water carry concerns for human as well as ecosystem health.  Excessive concentrations of dissolved 
solids can render water unfit for drinking and for supporting aquatic life.  The state groundwater quality 
criterion for TDS is 500 mg/L (Chapter 173-200 WAC).  

                                                
6 Total Nitrogen in Dungeness River samples from river miles 3.2 and 11 ranged less than 0.3 mg/L in recent sampling (2006-08) (unpublished 
data, Jamestown S’Klallam Tribe 2009) 
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Although TDS was not directly measured in this study, the correlation shown in Figure 4 was used to 
estimate TDS from specific conductance for each study well.  Table 2 shows that no study wells are 
likely close to the groundwater quality criterion for TDS.   
 

Table 2, Estimated TDS for water quality study wells 
 

LOCAL # Tag # Date of WQ test Specific 
Conductance 

Calculated 
TDS (mg/L) 

30N/03W-07P03 ACA599 5/29/2009 332.2 186 
30N/03W-17D52 none 5/27/2009 408.6 232 
30N/03W-17D78 BBB073 5/27/2009 417.1 237 
30N/03W-17E01 BBB072 5/27/2009 417.1 237 
30N/03W-17M01 ACA515 5/27/2009 429.2 244 
30N/03W-18F03 AGN391 5/28/2009 343.8 193 
30N/03W-18M77 BBB075 5/28/2009 321.2 179 
30N/03W-18Q91 BBB076 5/29/2009 327.7 183 
30N/03W-18R52 BBB077 5/29/2009 427.9 243 
30N/03W-19D01 ACA661 5/27/2009 345.6 194 
30N/03W-20C02 BBB078 5/29/2009 458.9 262 
30N/03W-30D03 BBB074 5/28/2009 270.7 149 
30N/04W-13J04 none 5/29/2009 270.2 149 
30N/04W-24C05 BBB079 5/29/2009 277.9 153 
30N/04W-24G02 ACA651 5/28/2009 335.4 188 
30N/04W-24P03 BBB080 5/29/2009 259.9 142 

 
 
Other Field Parameters 
In this study, temperature and pH data were collected primarily for use in determining the completeness 
of well purging prior to nitrate testing.  It is worth noting that all well water pH is within the normal 
range and not acidic.  Summary statistics for all field parameters for the 16 wells tested follows: 
 

Table 3, Summary of field parameters measured 
 

Parameter Min Median Max 
Temperature (oC) 10.9 11.8 12.4 
pH (standard units) 7.02 7.8 7.94 
Specific conductance (microsiemens/cm at 25o C) 270 340 459 
Dissolved oxygen (%) 40 75 102 

 
 
 

Data Quality 
 
Prior to field work, Soule used the Chemetrics photometer in the Clallam County EHS Laboratory to 
measure check standards and recent samples analyzed using the County’s nitrate probe (SM 4500-NO3-
D).  The relative difference between the two methods was 2-14% in three cases where the known nitrate 
concentration ranged from 1-10 ppm.  The RPD was 23% when nitrate was around 0.5 ppm, and 100% 
when nitrate was <0.5 ppm (not surprising since these are close to and below the detection limit for the 
photometer, respectively).   
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After field work was completed, a data quality assessment was conducted using data from two wells for 
which nitrates were measured in the field and also analyzed by an accredited laboratory.  The field 
measurements made using the Chemetrics photometer were 25% and 39% lower than the associated 
laboratory results (Twiss Analytical in Poulsbo using SM 4500-NO3-F) in the two cases.  This high 
level of variability was surprising given the relative agreement between the photometer and probe 
results described above.  However, it is likely also the result of changing conditions – there were 3 
additional minutes of purging between the field measurement and sample collection in both cases.  If 
changing conditions is the cause of the higher result the implication is that nitrate concentration 
increases with greater purge volume.  Another possibility is that the photometer under-reports nitrate 
concentration, though that pattern was not evident during cross-checking in the laboratory, described 
above. 
 
Duplicate field measurements of nitrate were made on the final well visited; however, both results were 
nondetects (below range) and therefore can’t be used to statistically estimate precision.  A field blank of 
distilled water was also measured for nitrate with a result of nondetect.   
 
 
 

Conclusions and Recommendations 
 

Significant conclusions that can be made from this “screening” of groundwater quality downgradient 
from urban land uses in Sequim include: 
 

• Some areas north of the city limits, and several study wells in particular, are quite vulnerable to 
certain types of contamination from land activities, with vulnerability defined as the 
combination of physical susceptibility and upgradient sources of contamination. 

• Nitrate can be used as an early warning system to identify zones in the aquifer system more 
vulnerable to degradation from land uses.  In the event that consistently-elevated nitrate levels 
are found in a given area, tests for other contaminants should be considered, depending on the 
likely source(s) of nitrates. 

• Nitrate concentrations vary greatly from zone to zone (horizontally and vertically) in the 
shallow aquifer system.  This makes it difficult to generalize about or represent specific areas of 
better or worse groundwater quality.   

• Factors affecting nitrate concentration at a given property include: 
o Zone of the aquifer, and whether clay layers are present in the geologic profile 
o Proximity to and volume/concentration of the source of contamination 

� The source may be current and ongoing or historic (“legacy” nitrogen 
contamination may persist in the unsaturated zone from historic land uses) 

o Integrity of the well seal around the upper casing (related to age and/or construction) 
o Rate and direction of groundwater flow, which varies by season and pumping patterns 
o Amount of dilution from uncontaminated irrigation ditches, ponds, and streams 
o Whether the sample is from the plumbing, well casing, or aquifer 

 
Conclusions regarding the potential implications of stormwater contamination include: 
 

• The transfer of stormwater contaminants through the aquifer system to downgradient fresh or 
marine surface waters is a potential concern, but the risk is likely small at this time because the 
majority of the contaminants of concern in stormwater are unlikely to travel such long distances 
in the dissolved phase in the subsurface.  (Pitz 2009a) 
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• The concurrent EPA grant conducted by Clallam County DCD included comprehensive 
sampling and analysis of stormwater runoff in Sequim and around the Dungeness watershed.  
Pitz reviewed preliminary lab results from a groundwater perspective and concluded that there 
is not a strong likelihood for significant groundwater impact from the stormwater sampled.  
(personal communication, June 2009) 

• Future stormwater treatment facilities should monitor groundwater quality from wells rather 
than facility effluent or lysimeters (see Appendix A for further details). 

 
Recommended follow-up work includes:  
 

• Conduct outreach to well owners in areas of elevated nitrates regarding health implications and 
the vulnerability of the well for other contaminants 

• Conduct outreach to all well owners regarding the importance of a solid well seal and 
maintaining a contaminant-free zone (100’ radius) around the wellhead 

• Sample for additional contaminants in wells showing high vulnerability, including zinc, lead, 
chromium, iron; TPH (diesel and gas); pesticide & herbicide scan; nitrates, specific 
conductance, and pH 

• Investigate possible correlations between nitrate concentration and proximity to surface water, 
well age, current land uses such as septic system density, historic land uses such as dairy farms, 
and other factors 

• Investigate nitrate variability over different purge times 
• Intensify data quality assessments when using the Chemetrics photometer to establish patterns 

and potential bias 
• Continue to enforce and review monitoring programs required by City of Sequim 

 
 
The net result of this brief investigation of groundwater quality and stormwater impacts has greatly 
advanced the understanding and implications of these topics for the study area.  The author wishes to 
thank the Clallam County Marine Resources Committee for its forward thinking in associating marine 
water quality with the health of the upland environment, and specifically with groundwater that 
ultimately discharges to fresh and marine surface waters. 
 
A final quote from my collaborator on this project summarizes the situation for the Dungeness 
watershed (emphasis added): 
 

“For the time being, I would keep the focus on characterizing the current status of the aquifer water 
quality [rather than on localized stormwater contaminants].  …I hope you’ll use this opportunity to find 
support in your county for making a commitment to long-term groundwater quality monitoring, both in 
this focus area and beyond.  I think such a commitment is a necessity for any community that hopes to 
simultaneously use a local drinking water aquifer for the management of stormwater runoff.”  (Pitz 
2009a) 

 
 
 

#  #  #  #  # 
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Figure 2.  
Groundwater-level 
elevations and 
contours, showing 
estimated 
groundwater flow 
direction

Contours by Wash. 
Dept. of Ecology, 
May-June 2009
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Figure 4.  Correlation Diagram: TDS and Specific Conductance (from Soule 2005) 
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Appendix A.  Study Well Characteristics and Field Results, May-June 2009

LOCAL # Tag # Water Use
Well 

Depth
Surface 

seal
open 
start

open 
end

copy of 
log

Date of 
WL meas.

WL 
BGS

WL 
Elev.

Date of 
WQ testing

Purge 
time 

(min.) pH

Water 
Temp 
(oC) D.O. %

D.O. 
(mg/L)

Elec. 
Cond-

uctivity 
(umhos)

Spec. 
Cond. 

(umhos/ 
cm at 
25oC)

Nitrate 
as N 

(mg/L) NOTES

30N/03W-07P03 ACA599 domestic 74 20 74 90 yes 6/5/2009 21.43 90 5/29/2009 0:14 7.78 11.7 39.7 4.31 247.5 332.2 3.3

30N/03W-17D52 none public 39 18 35 39 yes 5/27/2009 0:13 7.66 11.9 87.1 9.4 308.1 408.6 5.9

30N/03W-17D78 BBB073 irrigation 40 18 40 40 yes 5/26/2009 20.99 88 5/27/2009 0:17 7.59 11.8 74.6 8.1 312.6 417.1 6.5

30N/03W-17E01 BBB072 domestic 35
none 

indicated
35 35 yes 5/27/2009 21.73 98 5/27/2009 0:41 7.67 12.1 71.3 7.7 315.2 417.1 5.6 1

30N/03W-17M01 ACA515 domestic 37 18 37 37 yes 5/26/2009 23.46 102 5/27/2009 0:11 7.67 11.6 73.8 8.03 319.9 429.2 7.4

30N/03W-17P71 none public 55 18 51 55 yes 5/26/2009 18.76 108

30N/03W-18E21 BAF224 unused 40 26 30 40 yes 6/2/2009 33.11 129

30N/03W-18F03 AGN391 domestic 77 18 72 77 yes 5/26/2009 30.93 116 5/28/2009 0:20 7.65 11.8 80.3 8.69 256.9 343.8 0.5 2

30N/03W-18M77 BBB079 domestic 65 ? ? ? no 5/26/2009 41.4 131 5/28/2009 0:18 7.89 12 78.8 8.49 241.9 321.2 2.6

30N/03W-18Q91 BBB076 domestic 66 18 63 66 yes 5/29/2009 0:29 7.83 11.3 74.4 8.12 242.1 327.7 2.3

30N/03W-18R21 BAF225 unused 38 26 28 38 yes 6/2/2009 30.61 133

30N/03W-18R52 BBB077 domestic 65 ? ? ? no 6/2/2009 45.07 119 5/29/2009 0:13 7.78 11.8 63 6.8 320.2 427.9 2.8 3

30N/03W-19D01 ACA661 domestic 67
none 

indicated
49 67 yes 6/2/2009 52.07 161 5/27/2009 0:16 7.84 11.4 77.1 8.36 257.1 345.6 1.8

30N/03W-20C02 BBB078 domestic 36 ? 36 36 yes 5/29/2009 0:13 7.68 12 84.3 9.06 345.2 458.9 7.9 4

30N/03W-20E01 irrigation 71 18 66 71 yes 6/18/2009 55.01 119

30N/03W-30D03 BBB074 domestic 100 18 92 98 yes 5/28/2009 72.89 230 5/28/2009 0:18 7.02 11.6 75.7 8.26 202 270.7 2.2 5

30N/04W-12P21 APJ133 unused 25 14 15 25 yes 6/2/2009 19.47 106

30N/04W-13J04 none domestic 45 18 41 45 yes 5/29/2009 0:15 7.75 12.4 101.7 10.91 205.9 270.2 0.6 3

30N/04W-24C05 BBB079 domestic 54 18 54 54 yes 6/5/2009 26 178 5/29/2009 0:18 7.78 10.9 60.5 6.68 203.7 277.9 0.4

30N/04W-24G02 ACA651 domestic 79 18 79 79 yes 5/28/2009 66.29 171 5/28/2009 0:11 7.76 11.5 73.3 7.97 248.8 335.4 3.0

30N/04W-24P03 BBB080 domestic 102 18 97 102 yes 5/29/2009 62.91 234 5/29/2009 0:19 7.94 11 80.2 8.79 191.5 259.9 1.5

Average: 57.6 52.3 57.6 37.8 136.1 0:17 7.7 11.7 74.7 8.1 263.7 352.7 3.4
Median: 55.0 49.0 54.0 30.9 119.0 0:16 7.8 11.8 75.2 8.2 252.9 339.6 2.7

N 21 19 19 17 17 16 16 16 16 16 16 16 16

NOTES
BGS Below Ground Surface

1 purge was not continuous; may not have been complete
2 under-range for Nitrate3, tested twice, screen went blank; assume negligible/near zero
3 under-range for Nitrate3 but still reported
4 well may have been deepened from 36'
5 pH meter drifting lower

Well Characteristics (ft.) Water QualityWater Level (ft.)

Clallam County Environmental Health



 

 

 
 

Appendix B 
 

Study Well Logs 
 
 
 
 
 
 
 



ACA599



30N/03W-17D52 (no tag)



BBB073



BBB072



ACA515



30N/03W-17P71 (NO TAG)





This log is for deepening of orig.



BBB079

Owner in May 2009 reports well 
was deepened to 65 ft. 



BBB076





BBB077

Owner in May 2009 reports well was
deepened to 65' by Mel Williams. 



ACA661



BBB078

Well probably deepened; no log found.



30N/03W-20E01 (no tag)



BBB074





30N/04W-13J04 (no tag)



BBB079



ACA651



BBB080



 

 

Appendix C 
 

Stormwater Treatment Facility Analysis 
 
Within the study’s focus area, three recent commercial developments have been monitoring stormwater 
and/or groundwater quality and reporting to City of Sequim Dept. of Public Works.  The County 
obtained copies of all reports available at City offices this spring and forwarded to Charles Pitz 
(Ecology’s Environmental Assessment Program) for technical review as a cooperator on Clallam 
County’s concurrent EPA grant.  Pitz’ response is found in Pitz 2009a (and personal communication). 
 
Pitz, a hydrogeologist, emphasized the importance of monitoring groundwater quality from shallow 
wells downgradient of infiltration sites:   

“Monitoring wells screened across the water table below or immediately downgradient of an infiltration 
facility provide a much more direct and representative way to determine the impact of a site on local 
groundwater quality (shallow wells also incorporate the net effect of vadose zone changes on water 
quality not captured by lysimeters or effluent samples).  Direct groundwater sampling can provide an 
indication of unrecognized contaminant buildup in the soil column (eventually the filtering capacity of 
nearly all soils will be exhausted).”   

 
Only one of the three developers use(d) monitoring wells; the other two tested ponded water prior to 
infiltration and in one case attempted to obtain water from lysimeters.  Tables summarizing the reported 
data were prepared by Pitz and updated by Soule (see below).   
 
Without groundwater quality data from wells it can’t be certain, but Pitz concludes the following: 

“…Stormwater infiltration at these locations has probably not posed a significant risk to groundwater 
quality to date.  The majority of the parameters of interest have either been non-detect, or are well below 
state groundwater quality criteria.  A few constituents have been measured in effluent above the state 
standards, but the reported concentrations are comparatively low, and the mobility characteristics of these 
parameters are likely to attenuate transport in the subsurface.   
 
The data are consistent with what I would expect, particularly considering the age of the facilities.  
Nonetheless, in light of the transmissive nature of local sediments, and the high value of the groundwater 
resource to your county residents, I think it’s prudent to continue to directly monitor the unconfined 
aquifer for water quality status and trends over time.  In my opinion, the facility effluent monitoring 
programs should augment, rather than replace, groundwater monitoring.” 

 
After further discussion with Pitz, it was agreed that monitoring plans, methods, and reporting will be 
more effective if they are consistent.  The following suggestions further the objective of achieving 
effective and consistent monitoring of stormwater treatment facilities: 
 

• Use at least 1 well completed in the water table, down-gradient by 30-50 feet (an upgradient 
well is also expected, and at least 3 wells are needed to determine groundwater flow direction);  

• Sample in both wet and dry seasons for at least 5 years; 
• Sample for contaminants related to land uses (or spills if suspected) – for light industrial 

development areas include: zinc, lead, chromium, iron; TPH (diesel and gas); nitrates, specific 
conductance, dissolved oxygen, and pH;  

• Set action levels at 50% of state groundwater quality standards when possible, otherwise 
reasonably lower than the standard;  

• Report complete lab and field results in a legible, well-organized data table each year; and 
• Use a consistent address and central file for archiving reports. 
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