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Abstract

A Class II Inspection was conducted August 23-25, 1994 at the City of Loon Lake
Wastewater Treatment facility in Spokane County, Washington. The Loon Lake facility
operates an aerated lagoon connected in series with two large unaerated detention/
polishing lagoons. Effluent is discharged to a sprayfield which is under cultivation. Flow
through the plant is presently measured at the influent and it is recommended that an
effluent flow metering device be installed. Increases in BOD; and total solids occurred
across the aeration lagoon and these were attributed to algae growth. In contrast,
nitrification across the aeration lagoon was pronounced.

Large reductions in BODy, additional nitrification, and denitrification occurred across the
polishing lagoons. It is suggested that further degradation of BODj is enhanced by
aerobic-anaerobic processes dependent on the growth and impoundment of algae within
the lagoons. It is advised that biological treatment is temperature dependent and that the
treatment process should be evaluated at different times of the year.

All influent, effluent, and flow results were within State Discharge Permit limits.
Agronomic analysis of the effluent discharged to the sprayfield identified sodium ion
concentrations and pH as having the potential to adversely impact crop cultivation. Split
sample analyzes found good correspondence between laboratories for all parameters
except ammonia nitrogen, nitrite&nitrate nitrogen, and total nitrogen. It is recommended
that Loon lake review their analytic protocols for these parameters. Comparisons of
samples were not performed due to Loon Lake's dual influent sample stations, and it is
recommended that either concurrent composite samples of both Loon Lake and Deer Lake
influent be taken or the headworks be modified to permit sampling of mixed influents. A
number of metals were detected in the effluent, but a site specific analysis of their impact
on ground water was not possible due to a lack of information on specific ground water
characteristics.
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Summary

Flow Measurements

Loon Lake's plant flow is measured at the influent, and was inaccessible to independent
verification of accuracy. The Loon Lake facility independently measures flow for both
Loon Lake and Deer Lake influents. These flows are added and used for comparisons to
State Discharge Permit influent design and effluent flow limits. The combined influent
flow was approximately 0.108 MGD.

Effluent discharges to the sprayfield are estimated from effluent pump records. Since the
accuracy of such a method is dependent on uncertain factors, influent flows were used as
an approximation of sprayfield discharge for the purposes of the report.

Wastewater General Chemistry

Influent concentrations for oxygen demand and solids parameters were generally below
typical values. An increase in BOD; and total solids occurred across the aeration lagoon.
Ammonia nitrogen and TKN decreased across the aeration lagoon and nitrite&nitrate
nitrogen increased dramatically indicating extensive nitrification. These results were
attributed to a combination of seasonal algae growth, low influent BOD, concentrations,
and extended retention time in the lagoon.

Retention time in the polishing lagoons was estimated to be 278 days. Large reductions in
BOD;, ammonia nitrogen, total nitrogen, and TSS occurred across the polishing lagoons.
Chloride increased substantially, although this may be the result of previous high influent
loads. Sedimentation of suspended BOD, and TSS are believed to have removed these
constituents from the effluent. There is evidence that a portion of dissolved BOD;
reduction was due to algae dependent microorganism production in the polishing lagoons.
It is believed that algae was impounded primarily in the first lagoon, which prevented a
large contribution to the BOD, concentration in the effluent. Denitrification was indicated
by reductions in nitrite&nitrate ammonia and concurrent increases in alkalinity.
Denitrification would likely result from anoxic conditions within the polishing lagoons.
Algae uptake must also account for some of the decrease in nitrite&nitrate concentration.
BOD; and ammonia nitrogen removal are temperature dependent and may display lower
removal efficiencies at different times of the year.
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State Discharge Permit Comparisons

All flows, influent loads, and effluent loads were within permit limits.

Sprayfield Discharge

Most constituents of the effluent were found to have no potential impact on crop
cultivation in the sprayfields. The exceptions were specific ion toxicity for sodium
concentration and high pH. The suggested degree of restrictions on use of irrigation
water for these parameters ranged from slight to severe. Nitrogen and phosphorous loads
were much lower than the nutrient uptake rates of several potential sprayfield crops.
Alfalfa, the principle crop under cultivation, had nutrient uptake rates for nitrogen and
phosphorous that exceeded the effluent load by a factor of more than 39 and 2
respectively.

Split Samples

Due to the nature of Loon Lake's double influent sample, splits of the same influent source
were not possible. Agreement between Ecology and Loon Lake analytical results were
generally good. A non-parametric statistical analysis using Wilcoxon Signed Ranks Test
found a significant difference between laboratories for their analysis of ammonia nitrogen.
The Loon Lake laboratory ammonia nitrogen results were biased higher than the Ecology
results. This systematic difference in Loon Lake's analysis tends towards a conservative
estimate of ammonia concentration. Loon Lake nitrite&nitrate nitrogen and total nitrogen
results also differed from Ecology results, with differences across stations varying
randomly.

Wastewater Detected Metals

Boron, cadmium, calcium, copper, lead, magnesium, mercury, sodium, and zinc were all
detected in the effluent. A site specific criteria limiting the impact of effluent metal
concentrations on ground water was not available due to a lack of sufficient information
on ground water characteristics. Future well placement and monitoring is expected to
correct this problem. Although metals contamination of ground water is unlikely,
continuing the monitoring of metals concentrations would assist future evaluation of their
mmpact.
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Well Monitoring

A separate evaluation of the effectiveness of Loon Lake's well monitoring program is
included in a companion report by Denis Erickson.
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Recommendations

It is recommended that the Loon Lake facility:

Flow Measurements
® Regularly calibrate influent flow meter to ensure consistency in meter performance.

® Install an effluent flow meter to monitor effluent discharge to the sprayfield.

General Chemistry

® Investigate techniques for controlling algae growth and optimizing
nitrification/denitrification across the aeration lagoons.

® Evaluate temperature dependent treatment processes such as nitrification and BOD,

reduction under conditions of reduced temperature and algae growth during the
irrigation season.

Sprayfield Discharge

® Investigate the impact of sodium ion toxicity and high pH on crop cultivation.

Split Samples

® Perform concurrent sampling of both Loon Lake and Deer Lake influent
contributions, or mix influents prior to sampling.

® Review analytical protocols for ammonia nitrogen, nitrite&nitrate nitrogen, and total
nitrogen to ensure more accurate results.
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Introduction

A Class II Inspection and Ground Water Monitoring Evaluation was conducted at the
Loon Lake Sewer District #4 Sewage Treatment Plant (STP) on August 23-25, 1994,
Denis Erickson and Guy Hoyle-Dodson, both of the Washington State Department of
Ecology's Toxic Investigations Section, conducted the investigation. Lisa Olson,
municipal permit manager for the Department of Ecology's Eastern Regional Office,
provided background information on facility operation. Jean Russell, Sewer District
Manager, and Keith VanEtten, Maintenance Foreman, provided information and
assistance on site.

The Loon Lake Sewer District #4 STP serves the communities of Loon Lake and Deer
Lake in Stevens County, Washington. These communities have a maximum permanent
population of approximately 2200, consisting mainly of private residences and small retail
businesses. During the summer a large temporary recreational population exists,
estimated in excess of 20,000 day-use visitors per year. Effluent discharge is applied to 65
acres of cropland adjacent to the facility. A State Waste Discharge Permit, No. ST 8019,
was issued December 30, 1991 with an expiration date of December 30, 1996. Areas of
regulation include effluent limitations, irrigation rates, and well monitoring.

The Class II inspection was initiated by the Department of Ecology to assess permit
compliance, evaluate treatment effectiveness, and provide information about facility
loading to the sprayfield and ground water. The efficacy of the permittee's ground water
monitoring program was of particular concern. Specific objectives of the inspection
included:

1. Assess State Waste Discharge permit compliance;

2. Assess wastewater toxicity with priority pollutant metal scans;

3. Assess Loon Lake self-monitoring program;

4. Evaluate sprayfield nitrogen loading and agronomic needs;

5. Evaluate treatment facility performance during the irrigation season;

Page 1



Setting

The Loon Lake treatment facility is located in Stevens County, Washington, 26 miles
north of the city of Spokane (Figure I). The Loon Lake and Deer Lake collection
systems consist of a septic tank effluent pump (STEP) design. Residential wastewater is
collected in interceptor tanks (tanks intercepting wastewater from a cluster of residences)
or individual septic tanks, and is pumped to a pressurized collection main. A main pump
station pumps the wastewater through a force main to the treatment plant's influent vault.
The facility uses an aerated lagoon treatment system, followed by two storage/polishing
lagoons. In the summer the plant discharges treated effluent to cropland via spray
irrigation. In the winter effluent is held in a final storage lagoon, pending land application
during the next irrigation season.

The treatment system consists of an influent chamber with an inline flow meter, a
mechanically aerated primary lagoon (2 million gallons), wetwell and pump for effluent
from the aerated lagoon, two storage/polishing lagoons (10 and 20 million gallons)
operated in series, and a system of movable spray irrigators (Figure 2). Raw wastewater
from the two collection systems is flow metered separately at the influent vault and then
mixed prior to the aerated lagoon.

The aerated lagoon is the principal biological treatment process unit. Three floating
agitators provide aeration and also promote counterclockwise flow through the lagoon.
Agitators are operated alternately, with two activated at any one time. The biologically
degraded wastewater discharges to a wetwell and is pumped to the first of two polishing
lagoons.

Storage/polishing lagoons #1 and #2 were primarily designed for settling and storage of
wastewater during the non-irrigation season. Some further biological treatment can occur
in the lagoon, although this may be partially offset by algae blooms during the summer
months. Sludge that accumulates at the bottom of the lagoons is expected to be dredged,
although this has not yet occurred. The site for final disposal has not been determined.

Effluent from lagoon #2, the last in the series, is gravity drained to a final effluent wetwell.
It is then pumped to the sprayfield and discharged to the cropland for final treatment.
Final effluent flow is not directly metered, but pump activation records are compiled from
which total sprayfield flow can be estimated. Monitoring wells have been established on
the northwest and southeast corners of the sprayfield to evaluate ground water
contamination.
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Procedures

Ecology collected both grab and composite samples at the STP. Composite samples were
collected from wastewater at three stations: the influent chamber, the aerated lagoon
effluent wetwell, and the final effluent pump station (Figure 2 & Appendix A). Two
influent composite samples were collected, one each from valves located on the Loon
Lake and Deer Lake flow lines prior to mixing. The two samples were collected
concurrently using Ecology's composite sampler for the Loon Lake influent sample and
the Loon Lake facility's composite sampler for the Deer Lake influent sample. A
composite sample of the Deer Lake influent was also collected by the Loon Lake facility's
compositor the day previous to these samples. The final effluent composite sample was
collected by directing a steady stream of treated wastewater from an open valve in the
effluent line into a priority pollutant cleaned beaker and then sampling directly from the
beaker.

All Ecology composite samples were collected using Ecology ISCO composite samplers
with equal volumes (approximately 330 mg/L) of the sample collected every 30 minutes
over a 24-hour period. The Loon Lake composite of Loon Lake influent was a flow
proportional sample of 200 ml for every 3700 gallons of flow. The Loon lake composite
sample of Deer Lake influent was a flow proportional sample of 1000 ml for every

3700 gallons of flow.

Grab samples were collected at all composite stations as well as several other sites.
Influent grab samples were mixed from equal volumes of Loon Lake influent and Deer
Lake influent. Aerated lagoon effluent was collected from the effluent wetwell by a
cleaned beaker mounted on a pole. Final effluent was collected directly from a valve on
the effluent line in the irrigation pump station. Grabs were also taken from monitoring
wells by PVC bailers.

Loon Lake and Deer Lake influent composite samples collected by Loon Lake personnel
were split with Ecology for analysis by their respective laboratories. The Ecology sample
of Loon Lake influent was not split due to lack of sufficient volume. Aerated lagoon
effluent and final effluent composite samples collected by Ecology were split with Loon
Lake personnel. Since collection of the two influent composite samples was split between
the two influent lines, Loon Lake's sample of Deer Lake influent was not equivalent to
Ecology's sample of Loon Lake influent and could not be used for sample comparisons.
The Loon Lake samples were believed to be representative of the STP's typical sampling
procedure. Parameters analyzed, samples collected, and the sampling schedule appear in
Appendix B.
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Samples for Ecology analysis were put in appropriate containers and preserved as
necessary. The samples were packed in ice and delivered to the Ecology Manchester
Laboratory. Chain-of-Custody procedures were observed for all samples (Ecology,

1994), with the exception of nitrite, orthophosphate, and fecal coliform samples sent to
the laboratory on August 24,1994. These last samples were shipped by air freight in taped
ice chests, but without Chain-of-custody Seals. Since only Horizon Air Cargo personnel
and Manchester Laboratory personnel had access to the samples, it's believed that the
samples were not compromised. Analytical procedures and laboratories performing the
analyses are summarized in Appendix C.

Quality Assurance/Quality Control

Sampling quality assurance included proper cleaning of sampling equipment (Appendix D).
One duplicate of a composite sample was analyzed to assess sample splitting and analytic
consistency. Sampling in the field followed all protocols for holding times and
preservation set forth in the Manchester Lab Laboratory Users Manual (Ecology, 1991).

Laboratory QA/QC including holding times, spike and duplicate spike sample analyses,
precision data, and control sample (LCS) analyses were within appropriate ranges with
several exceptions. Initial and continuing calibration verification standards were within
relevant USEPA (CLP) control limits. Procedural blanks were free from contamination
with the exception of zinc for the metals samples. Qualifiers are included in the data table
where appropriate. Specific QA/QC concerns are noted in Appendix D.

Results and Discussion

Flow Measurements

Influent flows were measured by a Fisher Porter flow meter, consisting of inline pressure
transducers measuring pressure differentials across a constriction in the influent pipe. Due
to its inline configuration, independent verification of the meter's accuracy was not
performed. It is advised that the Loon Lake meter be regularly calibrated to ensure
consistency in meter performance. At the time of the inspection, the flow recorded by the
influent totalizer was used as a measure of aeration lagoon effluent flow for the purpose of
State Discharge Permit reporting. The daily flow rate calculated from totalizer values
taken over the compositor 24-hour collection period was 0.062 MGD for the Loon Lake
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influent and 0.046 MGD for the Deer Lake influents. Total influent flow rate was
0.108 MGD.

Loon Lake also estimates effluent flows to the sprayfield through discharge pump records.
The accuracy of this method is contingent on many factors including: changes in head loss
(1.e. changes in pipe and nozzle diameters, configurations, etc.), pump performance, and
effluent specific gravity. Consequentially, pump records were not used as a measure of
sprayfield discharge for the purposes of the investigation. The inspection took place
during the height of the irrigation season and it is assumed that hydraulic flow across the
plant was close to steady state for this period. As a result influent flows are used as an
approximation of sprayfield discharge. However, since flows are not always steady state,
it is recommended that Loon Lake install an effluent flow measurement device to
accurately record sprayfield discharge.

Wastewater General Chemistry and Plant Operation

Influent

Influent composite concentrations were derived from flow weighted calculations
combining the two influent sample results. It should be noted that the Loon Lake
composite sample's temperature at the end of the collection period was 13.3° C

(Table 1). This temperature is higher than the 4 © C that is recommended for typical
sample holding times (Ecology, 1991), and thus the mixed results may be somewhat
biased depending on parameter. Since the holding time was less than 24 hours, this effect
is not expected to be unacceptably large.

Corrected influent five day Biochemical Oxygen Demand (BOD; ), Total Organic Carbon
(TOC), and Total Suspended Solids (TSS) concentrations (102 mg/L, 62 mg/L, and

33 mg/L -Table 2) were below the weak value for typical untreated domestic wastewater
(Metcalf & Eddy, 1991). BOD; /TOC ratio was slightly higher than typical

(Metcalf & Eddy, 1991). Weak influent concentrations may affect treatment efficiency.

Nutrient parameters and chloride concentrations were close to medium values for typical
domestic influents, while alkalinity exceeded the highest value (Metcalf & Eddy, 1991).
Influent Total Solids (TS) and Total Non-Volatile Solids (TNVS) were also close to
medium values for typical domestic influents.

Aeration Lagoon

Atypical increases across the aeration lagoon were observed for several parameters
(Table 2). BOD, TS, and Total Volatile Solids (TVS) loads across the aerated lagoon

Page 5



increased 25%, 29%, and 49% respectively. These increases would not normally be
expected for the typical aeration treatment system design. The chloride (C17) load also
increased 5%. With the exception of TS, these parameters had weak influent
concentrations compared to typical domestic influents.

More predictable changes were also observed. TSS and Total Non-Volatile Suspended
Solids (TNVSS) increased 273% and 200% respectively. COD and TOC displayed small
decreases (7% and 3% respectively).

In contrast, Total Kjeldahl Nitrogen (TKN) and ammonia nitrogen (NH,-N) decreased
92% and 81% respectively, with at least a 17 mg/L increase (140,000%) in nitrite&nitrate
nitrogen (Table 2). This and a concurrent decrease of alkalinity (65%) indicates that some
nitrification occurred across the aeration lagoon. Stoichiometric analysis of the reaction
equation indicates that nitrite&nitrate nitrogen concentration formed by the nitrification of
ammonia should be approximately 70% greater than the observed concentration

(17.2 mg/L). This suggests that extensive ammonia nitrogen uptake by algae also occurs.
Denitrification of nitrite&nitrate nitrogen is a less likely explanation for the deficit due to
inhibition by oxygen in the aerated lagoon.

Nitrification of NH,;-N in the system may be a function of low BOD; influent
concentrations and long detention time. The relatively low influent carbonaceous organic
concentration represented by BOD; would favor the selective increase of nitrifying
organisms relative to carbon oxidizing organisms. The plant's BOD/TKN ratio predicts a
nitrifier fraction (fraction of nitrifying organisms) of at least 12%, compared to a factor of
less than 3% associated with typical domestic influents possessing moderate BOD; and
TKN concentrations (Metcalf & Eddy - Table 11-13, 1991). The elevated average influent
temperature (19.9° C), high average ammonia concentration (38 mg/L), and moderate
average pH (6.78) would also tend to favor nitrification.

Algae growth must account for the increase of BOD; across the aerated lagoon. During
the inspection algae was observed in both the aerated lagoon and the polishing lagoons.
The aerated lagoon's long retention time (18.5 days), increased nitrate concentration, and
elevated temperature would tend to promote such growth. Aeration would inhibit
sedimentation, preventing the removal of new algae growth and maintaining original
BOD; loads across the aeration lagoon in the form of algae cells and bacterial cell bodies.
It would also be expected that additional algae in the aeration basin effluent would explain
the higher solids concentrations exhibited by the results. One means to control algae
growth and limit the increase of BOD, would be to reduce detention time across the
aeration lagoon. However, since reduction of retention time may adversely affect
nitrification, Loon Lake is encouraged to strike a balance that achieves both optimal
nitrification and minimal algae growth.
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Detention/Polishing Lagoons

Due to the long detention time in the two polishing lagoons (= 278 days) effluent quality
would tend to be fairly uniform. A uniform influent quality for most parameters is
assumed to estimate treatment across the system. It should be noted that seasonal
variations in influent loads may exist and this could impact lagoon effluent composition.

Inspection results showed reductions across the polishing lagoons in ammonia, BOD,
total nitrogen, and TSS of greater than 99%, 91%, 75%, and 54% respectively

(Tables 1&2). The chloride load increased 31%, probably due to variations in previous
influent loads. A large percentage of organics from the aeration lagoon appeared to settle
out in the polishing lagoons. Additional BOD, degradation likely occurred in aerobic,
algae rich zones within the polishing lagoons. The nitrite&nitrate nitrogen concentration
was also reduced dramatically, with a concurrent increase in alkalinity indicative of
denitrification. Algae uptake of nitrite&nitrate nitrogen was likely another significant
source of the reduction. Denitrification normally occurs in anoxic zones within lagoon
systems (Metcalf & Eddy, 1991).

These types of facultative lagoon systems typically remove dissolved BOD, by a symbiotic
relationship between aerobic microorganisms and oxygen producing algae (Metcalf &
Eddy, 1991). Algae photosynthesis is integral to this process, and presence of algae in the
lagoons is supported by both observation and the high effluent pH (10.57). Since algae is
also a source of BOD; but remains suspended in the wastewater, it would be necessary to
segregate algae from lagoon effluent to achieve the observed BOD; reduction. It is likely
that the majority of the reduction occurred in the first polishing lagoon, where daily algae
blooms were most noticeable and the growing algae would congregate near the surface of
the lagoon. Flow from the first lagoon to the final lagoon is via submerged and
underground pipe, siphoning from near the bottom of the first lagoon's water column.
This would act to impound algae in the lagoon, at least during the day when algae would
favor the top layer of the water column. Algae is capable of adjusting its own buoyancy
and at night may disperse throughout the water column (Ehinger, Bill, 1995).

In the final polishing lagoon algae growth may be inhibited by previous reductions in those
nutrients necessary for algae growth. Reductions in nitrite&nitrate nitrogen of nearly
100% and in total phosphate of more than 46% across the lagoons is evidence of such
nutrient depletion (Table 2). Effluent from the final lagoon is siphoned at a point
approximately S feet below the lagoon's surface, also below the stratum where algae
photosynthesis would likely occur. This should further reduce the presence of algae in the
final effluent. Overall, the final effluent would be expected to exhibit the reduced BOD,
concentrations observed.
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It should be noted that TSS concentrations, while decreasing across the polishing lagoons,
actually increased across the entire treatment system by 70%. This net increase may
represent the escape to the effluent of at least some of the algae growth that occurred in
both the aeration lagoon and the polishing lagoons. The surface impoundment of algae in
the polishing lagoons may not have been completely effective, perhaps due to nighttime
dispersion of algae throughout the water column.

Algae mediated BOD, removal, nitrification, and denitrification are temperature dependent
(Metcalf & Eddy, 1991), and during different times of the year may be significantly
reduced. Lower temperatures would inhibit algae growth in the polishing lagoons,
limiting BOD; reduction. Although increases of BODj across the aeration lagoon would
also be curtailed and sedimentation in the polishing lagoons would always remove some
BOD;, reduction of BODj in the effluent may at different times be less than observed
during the inspection. Elevated concentrations of BODj in the effluent may affect the
sprayfield by the promotion of bacterial growth, soil clogging, and long-term anaerobic
conditions (Metcalf & Eddy, 1991). Of even greater concern, lower temperatures may
reduce ammonia nitrogen removal across the plant, leading to excessive nitrogen loading
in the sprayfield. It is suggested that the plant be further evaluated under conditions of
reduced temperature and low algae growth that may occur during the cooler months of

~ the irrigation season.

State Discharge Permit Comparisons

Table 3 compares inspection results to State Discharge permit limits. The facility's flow
rate was well within the influent and effluent maximum design limits. The Ecology analysis
of ammonia effluent concentration and influent load produced results well below the
permitted maximum concentration and load limits. The Ecology BOD; influent load result
was well below the permit summer influent load limit.

Sprayfield Discharge

Agronomic analysis of effluent constituents was undertaken to determine their impact on
crop growth in the sprayfield. Specific ion toxicity was noted for the sodium (70.1 mg/L)
concentration (Table 4). The suggested degree of restrictions on use of irrigation water
carrying this concentration ranged from slight to moderate (Metcalf & Eddy, 1991). The
effluent pH (10.57) also exceed the high end of the normal range (6.5 - 8.4), and may
cause more severe damage to crops. It is recommended that Loon Lake evaluate the
impact of these constituents on crop cultivation.
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The concentrations of chloride and trace metal ions were not found to pose a problem
(Table 4). Salinity (ECy, = 0.2 mmho/cm) and Total Dissolved Solids (TDS = 359 mg/L)
were also below concentrations of concern. Bicarbonate (HCO,) and TKN concentrations
were well below critical levels. The adjusted Sodium adsorption Ratio (adj RN, = 1.08), a
measure of ion impact on soil permeability, indicated that no restrictions are necessary.
Finally, nitrogen and phosphorus loads (5.1 Ibs/acre-year and 9.6 Ibs/acre'year) were much
lower than the nutrient uptake rates of several potential sprayfield crops (Metcalf & Eddy,
1991). These low loads suggest that additional fertilizers may need to be applied to meet
the nutrient requirements of the alfalfa crop presently grown.

Split Samples
Sample Comparisons

Due to the nature of Loon Lake's double influent sample, splits of the same influent source
were not possible. During the inspection Loon Lake alternated sample collection of Loon
Lake influent and Deer Lake influent every 24-hours. It is suggested that Loon Lake
either collect concurrent composite samples of both Loon Lake and Deer Lake influents,
or modify the headworks to allow sampling of the mixed influents. The collection of a
mixed sample would allow a more representative characterization of the influent. Access
to the mixed influent would also assist independent compliance monitoring.

Laboratory Comparisons

Agreement between Ecology and Loon Lake analytical results were generally good
(Table 5). A non-parametric statistical analysis using Wilcoxon Signed Ranks Test found
no significant difference between data sets at a critical level of 0.05 for TSS, BOD;,
nitrite&nitrate nitrogen, total nitrogen, total phosphorous, chloride, and pH. This would
indicate an absence of systematic bias between laboratory results for these parameters.
The one exception was ammonia nitrogen, for which Loon Lake results appeared
significantly higher than the Ecology results and tended towards a conservative estimate of
ammonia nitrogen concentration. The geometric mean of relative percent differences
between laboratories at all stations for ammonia nitrogen, nitrite&nitrate nitrogen, and
total nitrogen results were well outside the range of variation in inter-laboratory precision
(Ecology, 1991b). For the later two parameters this indicates a random variation between
laboratories that exceeds what would be expected from variations in inter-laboratory
precision alone. It is recommended that the Loon Lake laboratory review analytic
protocols for these three parameters.
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Wastewater Detected Metals

Wastewater was analyzed for metals only. Boron, cadmium, calcium, copper, lead,
magnesium, mercury, sodium, and zinc were all detected in the effluent (Table 6). A site
specific criteria limiting the impact of effluent metal concentrations on ground water was
not available due to a lack of sufficient information on ground water characteristics. It is
likely, however, that these concentrations would have no impact on ground water
(Erickson, Denis, 1995). Future well placement and monitoring by The Loon Lake facility
is expected to resolve this issue. Although not strictly applicable to effluent discharges to
sprayfields, copper and lead concentrations in the Loon Lake effluent did exceed hardness
adjusted State of Washington Water Quality Standards for Surface Waters

(173-201A WAC, 1992). Continued monitoring of effluent metals will aid in the future
determination of metals impact on ground water. Appendix E contains the results of all
target metals.

Well Monitoring

A separate evaluation of the effectiveness of Loon Lake's well monitoring program and
land treatment system is included in a companion report by Denis Erickson
(Erickson, 1995).

Page 10



References

APHA, AWWA, WPCF. 1989. Standard Methods for the Examination of Water and
Wastewater, 17th edition. American Public Health Association. Washington DC.

Ecology, 1991. Manchester Environmental Laboratory, Laboratory Users Manual, Third
Revision. Dickey Huntamer and Janet Hyre, Ed. Washington State Department of
Ecology, 1991,

Ecology, 1991b. Guidelines and Specifications for Preparing Quality Assurance Project
Plans. Washington State Department of Ecology, Environmental Investigations and
Laboratory Services Program, Quality Assurance Section. May, 1991,

Ehinger, Bill, 1995. Personal Communication with Bill Ehinger, Environmental Specialist,
E.IL.S., Ambient Monitoring, Washington State Department of Ecology, 1995.

Erickson, Denis, 1995. Loon Lake Class II Inspection Ground Water, Permit No,
ST 8019. Washington State Department of Ecology, 1995.

Erickson, Denis, 1995. Personal Communication with Denis Erickson, Hydrogeologist,
E.LL.S., Toxics Investigations Section, Washington State Department of Ecology, 1995.

Metcalf and Eddy. 1991. Wastewater Engineering Treatment Disposal Reuse, Third
Edition. McGraw-Hill. New York.

173-201A, WAC, 1992. Water Quality Standards for Surface Waters of the State of
Washington, Chapter 173-201A WAC. Washington State Administrative Code, 1992.

Page 11



2488 -

;\/‘\..,

N NS
e o — - o g g oz om AX AT W oB R

' S
Loon Lake 7
A \\sprayFleld
: ° :

Figure 1 - Compliance Inspection, 1994
Loon Lake Sanitary Treatment Facility
Site Map

Springdale Quadrangle

Deer Lake Quadrangle Q‘f -
Scale h "" ,
1:24000 - A
/{‘ Loon
. "
Explanation /1

Lake

@ Monitoring Well Location K. ‘
|
A Private Well Location T r \

(Century West Engineering,1985)
‘ q Scale 2pMiles Q

Neots SKy 95am DORKON & RUOROIAE North

Figure 1. Location and Vicinity Map.

Page 12



TOT Aerator
[ Inlet Outlet
SPRAY Box
FIELD 4 Shear
Two spans Gate
\\ at 147" each Applicator
. o Telescoping
\ g Eight spans at 126’ 2% Valve
A each
: N Check
X MW1(Abandoned)
\ Valve
' & Gate Valve
MW# Monitoring
X MW3(Abandoned) Well
\
P N \ N A R - Main Flow
— & Bypass Flow
—— Sample Site
IRRIGATION
\ PUMP
\ STATION
\
\
\ 1
\ \ Force Man Lagoorh Y POLISHING
\ " igaion Outtet LAGOON NO.
A \ \ Pipe 2
\ \\ pomadaane [\
\ _
\ .+ EfE_; A ™
\
\ Vault ©
\

\ P
\® MWZ@,@”@ L POLISHING v
' LAGOON NO. /

|
\ DRY 1 /‘/;/’/ i3
. WELL i
A o Influent
\
\ Aerated Lagool AERATED Chamber
\

{

\ Wetwell P (Vauit A )
o0 0 o

(Vault B)
LAGOON

lnf-E

Pond Ef-E &

.-......---.-‘

Figure 2 - Compliance Inspection, 1994 \\ Force Main
R Oh from Main
Loon Lake Sanitary Treatment Facility \ Pump Station
\ (Deer Lake & Loon Lake)

Groundwater Monitoring & Plant Schematic

Page 13



ojdwes oyisodwos  dwod

jnsal paytodal oyl 240QE 10 18 P2I0YIAP j0U sem SjA[eUR U], m sjduwres qeln qeld
“SJETUNSD U uoofe] pojeior WOl wenyyy  puod
1[nsal [eOLISWNU PJRISOSSE SUJ "POYNUApT Ajoanysod sem sjhjeue oYy, [ sjdwes juonigy  Jd
ASofooy A JUSNJUI 8B U007 940§ PUB JUSTIJUT 93] J109(] 9,06 :ojdwes qeid jusnpu]  #-H-Jul
"20uILIAMI Jo 2ouasald oY) JO asnedaq dpeuIse ue ST NSy 4 F $6/S7/80 [HUN PRIOIS PUR $6/H7-£7/80 UNeL JUSN[JUT 33T UooT Jo sjdures apsoduwros syeTuoo] 7T T-JUl
opdwies pajersSiygsy 4y b6/$Z-H7/30 UaYeL Jusn[juI ayeT 193 jo ojdures aysodwos aye T uoo|  PI-Jul
aeFuooy ] $6/$T-bT/80 U e JUSTI[JUI e ] Uoo] Jo djduues sysodwios ASojooy  H-Jul

XALSINTHD TVHANTD

9808V¢ §G8087v¢ 808V¢ L6087¢ £8087v¢ 28087¢ 1808V¢E 0808YE #8071 qe
00:8-00:8 G061l ol 00:8-00:8 00:8-00:8 00:8-00:8 ovvi GCOL  euwy,
S2-¥2/80 $2/80 ¥2/80 v¢-£2/80 G2-¥2/80 SZ-v2/80 ¥2/80 v2/80 de(
dwioo qeib qesb duwiod dwioo dwod dwoo-qesb dwoo-qesb  :adAy
3-43-puod ¢-43-3-puod  |-}3-3-puod [ALYE TI-44] 3-4uj ¢-3-44i L-3-4uj  uoned’o] Iyjpmered

| sfieg

Y661 ‘uonaadsuj || ssej) ayeq uoo] - syynsay Alysiwayq jeiauag - | ajqe |

Page 14



“J[nsa1 patewryisa papiodar all 5A0QE IO 18 PAIO2IAP JOU sem Slk[eue YL, [N}
‘nsai paptodal o) 2a0qe 10 1B PRIO2IOP JOU Sem JjA[RUE O], [}

“31RUI}S? UE oA Suuogiuoly MmN
ST 1[0Sa1 [EOLISWINU P3JRIOOSSE U ] "PolIuspl A[aanyisod sem sikjeue ay], [ sisA[eue put]q Joj a[duwes snotasid Jo syeorydn(y  areorjdn(g
s[dwres parersSigay] +y opdwes wonyy  Jq
ordures spsoduos A8ojooy - dwod ordures ayeyuo0 ] T
sjdwes qeiy  qead ajdures A3ojooy  J

(ury/soyuin) bgzomvaou,

SNOANVTTIDSHA

AAL AHD TVIHINTD

G608%¢ 96087V¢ v608t¢< £6081¢ ¢608Y¢ 06087¢ 68087V¢ 8808t¢ :# boqqel
00:8-00:8 Gitt 00¢lL 00LL 0€0L 00:8-00°8 €esal OLLL auil]
SZ-v2/80 /8 vZ/80 ¥¢/80 ¥2/80 SZ-¥2/80 v¢/80 vZ/80 :8leQ
dwoa qeib qeib qesb qesb dwoo qesb qeib :adAj
aleoidng OvMIN ZMIN TMIN SMIN 3-43 Z-3-43 1-3-43 UOl1BJ307 11 1djauneded

¢ abed $661 ‘uonoadsuj || sse|q aye7] uoo] - s}ynsay Alsiwayq [eiauay - | 3jqe]

Page 15



‘Kyroedes Jurragng ou sewnssy Aep 1od (sajowr) suor uadoIpAy
Jo pro] 12101 s,3[dwes ayisodwios omi oyl Sulppe woy petenoes Hd wenpgup sidwreg uonpyup  Juy
Anoedes Sulispng ou soWINSSY Arp/suol udsSoIpAY SOOI JO JAqIUNYU UI UONONPAI U] # spduwres juongry 4

sjdues pojeloBiey 4y uooSe[ pajelor WO JUAN[LY  puod
sydures apsodwios ayeyuoo]  dwoo-Tq $6/$T-H7/80 uade sjdures syisoduros aye T uoo T  TTJUl
opduwes aysodwos A8ojooy  dwioo-g ¥6/ST-+T/80 uaNe ofdwres ausodwros aye T Iso(]  A-JUI

%8¢ ¥6S 08

(uro/soyqun) AJTATIONPUO))

STVIAN
(7/3w) g-1e0L

SHATANVIVd ANVINAQ NIDAXO
(1/8wr) SSANL

(c0

AULSTANTHD TVIINTD
welsAg suooBen 06081€ uoobe 9808V¢E Smoj4 £8087¢ 2808YE  #80Tqv]
8ijug Buiysijod 00:8-00:8 paielsy 00:8-00:8 O 8MIEBY  100:8-00°8 00:8-00:g  wiIy
SSOY SOV G¢-¥¢/80 SS010y GZ-v¢/80 [11-#Ul B 3-4Ul| 62-v2/80 S¢-¥2/80 rd
uoi1oNpay uononpay dwo9o-3 uononpay dwoos-3 uoijeulqogy dwioo-T17 dwoo-3  :adiy
luadiad 1uadisd 3-43 luadied 3J-43-puod paifitap -4 J-juj  uonedo] Idjpuwesed

a|duieg 3-}3 uo pasegq

1 98eg

Y661 ‘uonosadsuj || ssejq dje] ucoT - uonanpay Juaaiad Ansimayq [esauag Afojosy - 7 ajqe]

Page 16



“Ayordes Supisging ou sawnssy “Aep Jod (sajour) suot uadoipAy ojduwres po1eIsSioy 44
Jo peoj 1e101 sapdures susodwion omy o) Surppe wolj payejnofes [d jusnpuy " ajdures aysodwios ASojoo;y  dwoo-
Ayroedeo Suusgng ou sawmnssy “Aep/suot usSoIpAY SS[OUT JO JSGIUNU I UCKONPAT U0k

At

sjdures juanyy Jo areoifdnp A3oj007  seordng

Y%ltv |34

(ury/soquin) AJALONPUOD

Page 17

(131 oo

SYHILINWVIVd ANVINHA NEADAXO

(7/8ur) SSANL

waisAg suooBeT G608YE #3071 qe
aiug Buiysiiod  |00:8-00'8  ewiy
$S0I0Y SS0.10Yy GZ-vZ/80 ed
uononpay uononNpay dwoo-3 adAy
luadisd Jusdiad a1eo1dng ‘uone’ny Ipuered

7 28eg

a|dweg s1esidng uo paseg

v661 ‘uonoadsu| || ssejg ayeq uooT -(‘Juoa) uononpay juasiad Ansiway jesauan Abojoa] - Z ajqe]




"S1RIUNSD Ue
ST }[NS3I [EOLIOWUNY PTRIo0sse oY, ‘poUnuopl A[oaiyisod sem ald[eue oy, [
palyBlam-mo|) "11-4u] 19 3-ju} PBUIGUIOD JO UOI}RIIUAIUD G

*

sjdwes aysodwog  dwed
sjdwes qesy  qelb
ajdwes juanyja ABojoag  3-)3
sishjeue puiq Joj ajduies 1uanjyja sysodwos jo ajeadng  ajesydng
¥6/5Z-p2/80 Uadel 1uanjjul axe 1aaq Jo sjduies sysoduios ajeuoo 14y}
¥6/5Z-vZ/80 usdel luanjjul ) uooy jo sjdwes sysodwos Afojeay 3y

MO
6808¢c¢€ 8808V¢E G6087¢ 0608VE €808YE  ¢808YE [#Bo1qel
£zal oLLL 00:8-00:8  00:8-00'8 00:8-00:8 00:8-00:8 [unL
v2/80 $2/80 G2-¥¢/80 GZ-v¥2/80 GZ-¥2/80 6S¢-v¢/80 [|#¥EA SHWIT wnwixepw
qeib qeib dwoo dwod | TTUI R F-4U] dwos dwos |:diy
¢-3-43 L-3-43 a1eoldng 4-43 pauiquio) T34 g-ju|  |:uoped0} S1IAIM
ejep qelo ejeq ayisodwo) LINY3d I9HVHIOSIA lsjoweled
Abojooag Abojoa3g J1SVM 31VI1S

vleQg uoriyosdsul

$661 QBT UOOT - SHNSNY Uo1dadsuy SHWIT JULIdF ISIvYISI(] ISBAA 18IS - € qeL

Page 18



Table 4 - Comparisons to Water Quality Guidelines for Irrigation - Loon Lake, 1994

Parameter Location Ef-E
Type: E-comp Degree of Restriction on Use
Date: 08/24-25
Time: 8:00-8:00 None Slight to Severe
Lab Log #: 348090 Moderate

Specific Ion Toxicity - Sprinkler Irrigation
(affects sensitive crops)

.iChloride (mg/L)

Ni (nickel - mg/1.)

Se (selenium - mg/L)

Salinity
(affects crop water availability

_TS (mg/L)

TDS (mg/Ly**

Miscellaneous Effects
(effects susceptible crops)

ch03 (mg/L)

Permeability
(affects infiltration rate of wastewater into soil)

Mg (ug/l)

51.1

415

359

130

3310

< 100 > 100

IA
S
it
=

A
s
=
|4

2000

< 450

0-2,000 >

£
90-500 >

< 900 500

Nutrient Uptake

Nutrient Uptake, Ib/acre-year

For Selected Crops

Wheat

Fir

associated numerical result is an estimate.

Phosphorus (Ib/acre-year) 9.6 20-30 15 15

ECw Electrical conductivity of irrigation water *  Represents irrigation water salinity

adj RNa Adjusted sodium adsorption ratio #  TDS =TS -TSS

Ef Effluent sample U The analyte was not detected at or above the reported result.
E-comp Ecology composite sample P The analyte was detected above the instrument detection limit,
J The analyte was positively identified. The but below the minimum established quanitation limit.
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Appendices



Appendix A - Sampling Stations Descriptions - Loon Lake, 1994

Inf-E-#

Inf-E

Inf-LL

Inf-LL2

Pond-E-Ef-#

Pond-Ef-E

Ef-#

Ef-E

MWS§

MW4

MW2

MWw40

Duplicate

Grab sample of influent wastewater collected at the headworks, in both A.M. and P.M. Sample
consists of 50% Deer Lake influent and 50% Loon Lake influent.

Ecology 24-hour composite sample of Loon Lake influent wastewater collected from the influent pipe
at the headworks. Collected 08/24-25/94

Loon Lake 24-hour composite sample of Deer Lake influent wastewater collected from the influent pipe
at the headworks. Collected 08/24-25/94

Loon Lake 24-hour composite sample of Loon Lake influent wastewater collected from the influent pipe
at the headworks. Collected 08/23-24/94 and held until 08/25/94 under refrigeration.
Ecology grab sample of aerated lagoon effluent collected from the effluent vault, just prior to the flow

into the polishing/holding lagoons.

Ecology 24-hour composite sample of aerated lagoon effluent collected from the effluent vault, just
prior to the flow into the polishing/holding lagoons.

Ecology grab sample of final effluent collected from a valve in the effluent pipe, prior to being pumped
to the sprayfield. - Collected in both A.M. and P.M.

Ecology 24-hour composite sample of final effluent collected from a valve in the effluent pipe, prior
to being pumped to the sprayfield.

Ecology well sample taken from a monitoring located well north-northwest of the sprayfield just past
the sprayfield boundary.

Ecology well sample taken from a monitoring well located south-southwest of the sprayfield just past
the sprayfield boundary.

Ecology well sample taken from a monitoring well located west of the treatment plant.

Duplicate of the Ecology well (MW4) sample.

Duplicate of Ecology effluent composite sample.
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Appendix C - Lahoratory Methods - Loon Lake Class II, 1994

Parameter Manchester Methods Lab Used

GENERAL CHEMI

EPA, Revised 1983: Ecology

Chloride EPA, Revised 1983: 330.0 Eeology
SOLIDS-4

TNVS EPA, Revised 1983: 160.3 Ecology

TNVSS EPA, Revised 1983: 160.2 Ecology

Total Persulfate N

NO2+NO3-N EPA, Revised 1983: Ecology

Total-P EPA, Revised 1983: 365.3 Ecology
MISCELLANEOQUS

METALS

EPA, Revised 1983: 200-299

APHA-AWWA-WPCF, 1992. Standard Methods for the Exanination of Water and Wastewater, 17th Edition.
EPA, Revised 1983. Methods for Chemical Analysis of Water and Wastes, EPA-600/4-79-020 .




Appendix D - Quality Assurance/Quality Control - Loon Lake Class Il Inspection, 1994

Priority Poliutant Metal Cleaning Procedures for Wastewater Collection Equipment.

Nooswh =

Wash with laboratory detergent

Rinse several times with tap water

Rinse with 10% HNO, solution

Rinse three {3) times with distilled/deionized water *
Rinse with high purity Hexane

Rinse with high purity acetone

Allow to dry and seal with aluminum foil

Specific QA/QC Discussions

1.

During the storage of nutrient samples at the laboratory the refrigeration unit failed. The samples
were found at 32 degrees C approximately three days after being placed in storage. The specific
length of time that the samples were stored at this elevated temperature is unknown. The samples
were removed from the failed unit and placed in a 4 degree C Cold Room until repairs to the main
refrigeration unit were made. All nutrient results have been given the qualifier "J" to indicate
estimated values.

Procedural blanks for the metal samples showed trace amounts of zinc. Zinc results within ten
times the instrument detection limit were qualified with a "J" as estimated. Those at higher ievels
but within the amount found in the blank were qualified with a "B".

The spike recoveries for ammonia in samples 348089 and 348096 were outside the acceptance
limits.

The spike recoveries for silver and boron were outside of the CLP acceptance limits. Silver results
have been qualified with a "N" to indicate unacceptable spike recoveries. Boron results have been
qualified with a "J" as estimates due to low spike recovery and no LCS control.
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Appendix F - GLOSSARY - Loon Lake Class IT Inspection, 1994

adj Ry,
BOD;
CLP
COD
CVAA
DAF
ECy,
EPA
kg

L

m’

MF
mg

ml
NH,
MPN
NOEC
NPDES
PCB
pH

PP
ppb
ppm
ppt
QA/QC
STP
TIC

TNVS
TNVSS
TOC
TP

TS

TSS

ug
ug/m’
VOA
vVOC

Adjusted sodium adsorption ratio

Five Day Biological Oxygen Demand
Contract Laboratory Program

Chemical Oxygen Demand

Cold Vapor Atomic Absorption

Dissolved Air Floatation

Electrical conductivity of irrigation water
Environmental Protection Agency
kilogram (1 X 10° grams)

Liter (1 X 10° milliliters)

Cubic meter (1 X 10° liters)

Membrane Filter

milligram (1 X 10 grams)

Milliliter (1 X 107 liters)

Ammonia

Most Probable Number

No Observable Effect Concentration
National Pollution Discharge Elimination System
Polychlorinated Biphenyl

Hydrogen Ion Concentration

Priority Pollutant

Parts per billion (1 X 10°, ug/L, or u/Kg)
Parts per million (1 X 10°, mg/L, or mg/kg)
Parts per thousand (1 X 107, g/L, or g/kg)
Quality Assurance/Quality Control
Sewage Treatment Palnt

Total Inorganic Carbon or for GCMS Tentatively Identified Compound

Total Kjeldahl Nitrogen
Total Non-Volatile Solids
Total Non-Volatile Suspended Solids
Total Organic Carbon

Total Phosphorous

Total Solids

Total Suspended Solids
Total Volatile Solids
Microgram (1 X 10® grams)
Microgram per cubic meter
Volatile Organic Analysis
Volatile Organic Carbon





