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SUuMMARY OF WATER QUALITY FOR MOSES LAKE SAMPLING IN 2005

Introduction

This is a summary of water quality sampling completed in Moses Lake in 2004 and 2005. Sampling from
the lake shore was completed in 2004 and 2005 and lake sampling from a boat was done in 2005. This
report is a brief summary of the phosphorus concentrations at the sampling stations around the lake
along with brief discussion of the data. A complete report will be submitted late to support this summary.

In this report TP and srp will be discussed in whole numbers. Instead of fractions and units of parts per
million (mg/L), i.e., 0.050 mg/L, the concentrations will be presented as a whole number in units of parts
per billion (ug/L), i.e. 50 ug/L.

Results and Discussion

The phosphorus concentrations from the sampling stations are shown on the maps of Moses Lake in
figures 1, 2, and 3. Lake shore sampling stations have the ST prefix (Figure 1 & 2) while the in lake
samples have the ML prefix (Figure 3). In lake samples were collected at the lake surface, three meters
depth, and 6 meter depths. Depth of sample collection is noted by a decimal following the station ID, i.e.
ML2.0 is a surface sample at ML2 while ML2.3 was collected at 3 meters at ML2.

All of the lake shore sampling stations had total phosphorus concentrations significantly in excess of 50
ppb, the DOE recommended TMDL limit. The greatest concentrations were measured at ST7 (Cascade
Valley) and ST1 (Alder Street Fill (Figure 1&2). All ST stations had elevated concentrations of TP during
the March sampling date when the weather was very windy and apparently stirred up sediments. These
elevated TP concentrations are well correlated with elevated total suspended solids during the March
sampling (data will be shown in final report).

Two of the three in lake sampling stations, ML2 and ML5, had surface samples with TP concentrations
greater than 50 ppb. The greatest TP concentrations at each surface station occurred in July when
Columbia River water was not being pumped through the lake (Figure 3). The samples collected at
deeper stations generally had greater concentrations than the surface samples.

Future Work

Sampling in 2006 should focus on a protocol that will help understand the elevated TP levels in Alder
Street Fill and Cascade Valley. The likely sources that must be investigated are: 1). Wastewater
discharges into the groundwater northeast of the Cascade Valley site, and 2) release of phosphorus from
sediment in the area upstream of the Alder Street fill.

In lake sampling should continue in order to document the lake trophic status and should be expanded to
improve understanding of water quality in particular reaches of the lake. This will be discussed further in
the final report.

A final report and complete presentation of data will be submitted in late January.
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1.0 EXECUTIVE SUMMARY

In late 2004 and throughout 2005 Moses
Lake samples were collected from the lake
shore and also from a boat in the lake. The
sampling represents one facet of the con-
tinuing effort by the Moses Lake Irrigation
and Rehabilitation District to manage the
lake resource.

The fall of 2004 and winter of 2005 was
about the 5™ season in a row of dry
weather. The weather in fact was similar to
2001, the year that Washington State De-
partment of Ecology (DOE) had completed
its phosphorus TMDL water quality assess-
ment in Moses Lake. The region of the
Cascade Valley peninsula received a Cate-
gory 5 listing and was placed on the 2004
303(d) list despite the paucity of non com-
pliant water samples. The concern from
DOE was that the lake quality was excep-
tionally good because of the dry weather
and large quantity of dilution water added to
the lake in 2001.

In 2005 the in lake sample collection fo-
cused on sites surrounding the 303(d) listed
area around the Cascade Valley. Samples
were also collected from shore to help un-
derstand some of the on shore processes
affecting lake water quality and water quality
during the non irrigation season.

Two of the three in lake sampling stations,
ML2 and ML5, had surface samples with TP
concentrations greater than 50 ppb, the
DOE recommended TMDL limit. The great-
est TP concentrations at each surface sta-
tion occurred in July when Columbia River
water was not being pumped through the
lake. The lake had received no significant
dilution water for 20 days. The deep water
samples generally had greater concentra-
tions than the surface samples.

At least once, each of the lake shore sam-
pling stations had total phosphorus concen-
trations significantly in excess of 50 ppb.

The greatest concentrations were measured
at ST7 (Cascade Valley) and ST1 (Alder
Street Fill (Figure 1&2). All ST stations had
elevated concentrations of TP during the
March sampling date when the weather was
very windy and apparently stirred up sedi-
ments. These elevated TP concentrations
are well correlated with elevated total sus-
pended solids during the March sampling
(data will be shown in final report).

The high concentrations of phosphorus
were unexpected given the previous dry
winter. Dilution flows were very high in
2005. At about 342,000, acre feet one
would have expected water quality that was
similar or better than recorded in 2001 when
dilution flow about 240,000 acre feet.

The elevated phosphorus is from internal
and external sources. External sources are
Rocky Ford, Crab Creek, and groundwater.
Internal source is release from lake sedi-
ment.

Sampling and analytical error and variability
were quantified in three ways; 1) natural
variability was evaluated with a field repli-
cate from one of the sampling sites, 2). A
duplicate sample, spike, and known stan-
dard were analyzed in the laboratory to de-
termine laboratory accuracy and variability,
and 3). A split sample was sent to an inde-
pendent laboratory to evaluate variability
between analysis of phosphorus from Soil
Test Consultants, Inc (primary laboratory for
all analysis) and Aquatic Research, Inc.
The relative percent differences for all labo-
ratory analysis were within ranges desig-
nated in the Quality Assurance Project Plan.
The two laboratories had similar results for
total phosphorus but significant differences
in analysis of soluble reactive phosphorus.

Sampling in 2006 should focus on a proto-
col that will help understand the elevated TP
levels in Alder Street Fill and Cascade Val-
ley. The potential sources that should be
investigated are: 1). Wastewater discharges
into the groundwater northeast of the Cas-

WRIA 41 Lower Crab Creek 1
2005 Summary of Water Sampling in Moses Lake

™ WATER
™ QUALITY
@ ENGINEERING



cade Valley site, 2) release of phosphorus
from sediment in the area upstream of the
Alder Street fill, and continuing transport
and deposition of sediment and phosphorus
from Crab Creek.

Lake sampling should continue in order to
document the lake trophic status and should
be expanded to better understand relation-
ship of Larson WWTP groundwater disposal
and water quality in the Rocky Ford arm of
Moses Lake.

» Improve understanding of local land use
lake water quality

e Improve data base of water quality dur-
ing winter and spring when lake is not
receiving dilution water.

2.0 INTRODUCTION

The Moses Lake Irrigation and Rehabilita-
tion District (MLIRD) has been steward of
Moses Lake since its inception. In 2004
Moses Lake received a Category 5 listing
for phosphorus on the 303(d) list. In 2005
Moses Lake Irrigation and Rehabilitation
District prepared a Quality Assurance Pro-
ject Plan (QAPP) and began sampling
Moses Lake in accordance with the QAPP.
The sampling represents the initiation of
efforts to develop a Water Pollution Control
Plan for Moses Lake. The goal of the Plan
will be to reduce loads of phosphorus into
Moses Lake.

This water sampling data contribute to the
existing data base that has been developed
over the last 20 years. The history of the
lake sampling starting with the Clean Lake
Project in 1982 (Bain 1985) are summarized
in Carroll and Cusimano (2001)

3.0 SAMPLING SITES AND
METHODS

A Quality Assurance Project Plan was de-
veloped for in lake and lake shore sampling
in 2005 (MLIRD 2005). Sites and protocol
were selected to assure consistency with
the Moses Lake Phosphorus TMDL Study
QAPP (Carroll and Cusimano 2001). The
difference in 2005 was that the only in lake
sampling sites were in the vicinity of the
2004 Category 5 listing (WA DOE 2005).
In lake sampling sites, labeled ML 2, Mi4,
and MLS5 are shown in Figure 1.

Lake shore sampling sites (collected from
shore versus on boat) were selected to help
understand impacts of on shore processes
on water quality and seasonal fluctuation
when dilution water is not added to the lake.
Sampling stations labeled ST1 — ST 9 are
shown in Figures 2 & 3.

All methods of sample analysis are dis-
cussed in the QAPP (MLIRD 2005).

2.1 PROJECT GOALS AND OB-
JECTIVES

The goals and objectives of the continued
water sampling are listed below.

e Improve baseline of water quality infor-
mation for Moses Lake.

e Continue monitoring trophic status of the
Lake.

4.0 RESULTS AND DISCUS-
SION

Water samples from the in lake sites (ML2,
ML4, and ML5) were collected once per
month from March through September
2005. On shore sites were sampled in the
months of March, June, August, and De-
cember 2005.
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4.1 QUALITY CONTROL FOR
SAMPLE ANALYSIS

Sample quality control measures were im-
plemented in the field and the laboratory.
One replicate sample was collected in the
field and analyzed for all water quality pa-
rameters. A duplicate sample was ran-
domly selected and analyzed for each
month of samples. A spike sample, blank
and known standard were also analyzed in
the lab for a given sample set.

Differences between the replicates, dupli-
cates, and known standards were compared
using relative percent difference (RPD).
Relative percent difference is calculated by
the equation below:

RPD = absolute value of:
[(X1 - Xr)/(X; + Xg)/2)],

Xy is the value of sample and Xg the value
of the parameter for the replicate or dupli-
cate of X;. The RPD gives an understand-
ing of the sampling error from variability in
the field and during laboratory analysis.

The replicate field sample was collected at
ML2.6 each time. The RPD for this site was
high, ranging from 0 — 89% for TP, 0 -133%
for soluble reactive phosphorus (srp), 0 —
120% for TSS, and 0 — 82% for TKN (Table
1). This high variability was likely due to the
difficulty in taking a replicate sample from
near the lake bottom.

The variability for laboratory duplicates was
within the acceptable range for required in
the QAPP (MLIRD 2005). The RPD for TP
was less than 25% and for srp less than
50%.

The prime laboratory for all water analysis
was Soil Test Consultants. A duplicate
sample from the replicate (ML2.6) was sent
each month to Aquatic Research for analy-
sis of TP and srp. Aquatic Research has
been doing low level phosphorus for over a

decade and was used as a benchmark for
STC sample analysis. The variability be-
tween the labs was least for TP and was
significant for srp (Table 2). The most sig-
nificant differences in results occurred in the
July analysis when Soil Test Consultants
reported 120 ppb versus 4 ppb srp reported
by Aquatic Research (Table 2).

4.2 IN LAKE SAMPLING SITES
(ML2, ML4, AND MLS5)

The depth of water at Station ML2 is ap-
proximately 20 feet. Therefore samples
were collected at depths of about 3 feet
(ML2.0), 10 feet (ML2.3), and 18 feet
(ML2.6). The depth of water at Station ML4
is approximately 15 feet. Samples were col-
lected at depths of about 3 feet (ML4.0) and
10 feet (ML4.3). The depth of water at Sta-
tion ML5 is also approximately 15 feet.
Samples were collected at depths of about
3 feet (ML5.0) and 10 feet (ML5.3).

The weather for each sampling day was
very similar every month. In general the
lake surface was relatively calm and the
skies were mostly clear. Samples were col-
lected between 0900 and 1100 each day.

4.21 DO, pH, Temperature and Secchi
depth

During each sampling event pH, DO, tem-
perature and visibility were measured at
each station. All except pH were measured
in situ; pH was measured in a beaker filled
with sample removed from the van Dorn
sampler.

The DO was generally greater than 8.0
mg/L throughout the season at all sampling
stations. In August station ML2.6 had the
lowest DO measured during 2005. All ML 2
stations had low DO in late August (Table
3).

The pH was only less than 8.0 in April and
in September. The lower pHs appear to be
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related to dilution of the lake and reduced
photosynthesis in the spring and fall (Tables
4 & 5)

The lake appeared relatively well mixed
throughout the sampling season since no
thermocline was measured at any sampling
station (Table 5). Station ML5 was gener-
ally a couple degrees cooler than ML2 when
dilution water was flowing through the lake
(Table 5). Located between ML2 and MLS5,
ML4 was generally warmer than ML5 but
cooler than ML2 during dilution with Colum-
bia River water from the Canal.

Visibility in the lake decreased as the sum-
mer progressed with lowest visibility (<4
feet) in June and July at all stations (Table
6). Visibility at ML5 appeared most influ-
enced by flow of dilution water. This would
be expected since dilution water flows di-
rectly into Parker Horn upstream of ML5.

422 Algae

Surface water samples were sent to Water
Management Laboratories and analyzed for
algae type and chlorophyll a. The algal
densities were significantly greater than
those measured in 2001 during the DOE
TMDL assessment. The blue green algae
were greatest in June and were dominated
by Aphanizomenon (62 — 97%) (Table 8).
In July the blue green densities decreased
and were dominated by Microcystis at all
stations. In August the blue greens main-
tained dominance but there was a succes-
sion with 4 species of blue green algae pre-
sent (Table 8). All blue green algae that
were present may produce toxins. The
species composition and densities is com-
mon for a eutrophic lake.

Blue-green algae are ubiquitous in ponds
and lakes around the world. There are nu-
merous species of blue-green algae; most
do not produce toxins. Four primary genera
grow in Washington and produce toxins.
These four genera are Microcystis sp., Ana-
baena sp., Aphanizomenon sp., and Gloet-

richia sp. All genera are capable of produc-
ing microcystin, a hepato (liver) toxin, but
Microcystis is of most concern. Microcystis
seems to be the major producer of micro-
cystin worldwide.

Microcystin and other cyanotoxins have not
been directly related to deaths of humans
from recreation in ponds or lakes. However,
there have been links to skin rashes on
swimmers and closure of swimming areas is
common. The toxin presents the greatest
danger to people when it occurs in drinking
water reservoirs (Davies and Mazumber
2003). The World Health Organization has
set an allowable cyanotoxin concentration of
1 ug/L (1 part per billion) for drinking water.
This is the concentration that theoretically
could be consumed in drinking water by a
human being every day for 70 years without
il effect (Newcombe and Burch, 2003).
Concentrations recorded in western Wash-
ington lakes, have been as high as 32 ug/L
in Green Lake (Seattle Department of Parks
2003) and 43 ug/L in Lake Sammamish
(Jacoby, 2003). In ponds and lakes used
strictly for recreation the primary concern is
danger to pets and livestock. There have
been deaths of pets attributed to cyanotox-
ins.

No attempt was made to measure cyanotox-
ins in Moses Lake in 2005. Future sampling
should monitor microcystins especially in
public swimming and livestock watering ar-
eas.

4.2.3 Dilution Flows

Diversion of Columbia River water via
Rocky Coulee Wasteway into Moses Lake
Flows is managed by United States Bureau
of Reclamation. Flows are delivered to
Moses Lake based on irrigation needs south
of Moses Lake. Consequently flows are
provided regularly in the spring and fall to fill
the Potholes Reservoir but only intermit-
tently in the summer. Figure 4 shows dilu-
tion flows from Rocky Coulee Wasteway
into Moses Lake throughout 2005.
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Total flow to Moses Lake in 2005 was
326,875 acre-feet. The flow into Moses
Lake in 2001 during the WA DOE TMDL
assessment was 242,000 acre-feet. Table
7 shows the flow during each sampling day
and the total flow 7 days prior to sampling.
Total flows for June and July were less than
4000 acre- feet compared to greater than
21,800 acre-feet per month for April, May,
August, and September.

The intent was to lower TP concentrations
in the lake by dilution (Welch and Patmont
1980). Therefore sample time and dilution
flows have significant impacts on nutrient
levels in the lake.

4.2.4 Nutrients

Phosphorus is reported as either Total
Phosphorus (TP) which includes organic
and inorganic phosphorus; or soluble reac-
tive phosphorus (srp) which is the form that
is most available for biological growth. All
phosphorus data is reported in the units of
ug/L or parts per billion. The TMDL limit tar-
get for phosphorus is 50 ppb TP.

Despite the large amount of dilution water
that entered Moses Lake in 2005, two of the
surface water stations, ML2.0 and ML5.0,
had TP in excess of the 50 ppb (Table 9).
These elevated TP levels occurred in July
when the lake had not received significant
dilution for 20 days. When high flows of di-
lution water were entering Moses Lake the
TP concentrations were generally lower (Ta-
ble 7). There was a trend of increasing
concentrations in the lake throughout the
summer.

Total Phosphorus concentrations in 2005
were significantly greater (p = 0.05) than
concentrations in 2001 for the same sample
stations (Tables 9 & 10). The average con-
centration for a lake sample in 2001 was 22
ppb; in 2005 the average was 41 ppb. This
is related to the time that samples were
taken relative to lake dilution flow. In gen-
eral flow in the week prior to sampling was

greater during 2001 sampling than for 2005
sampling. The original proposal for lake
dilution requires that dilution flows are most
critical in the summer months (Welch and
Patmont 1980). The elevated TP in 2005
support this basic premise, summer dilution
flows are required to keep TP low in the
lake.

The concentrations of soluble reactive phos-
phorus were highest in mid summer and
from the hypolimnion samples (bottom
samples). The highest concentrations
throughout the lake were in July. As dis-
cussed above, the elevated srp are corre-
lated to dilution flows (Table 11). The per-
cent of TP as srp averaged 75% for all sta-
tions in July; epilimnetic srp as TP average
58% for all three stations. This is relatively
high since most TP is generally bound in
algal biomass in summer.

There are 4 likely sources for TP and srp
into Moses Lake, 1). Rocky Ford Creek, 2).
Groundwater, 3). Crab Creek and 4). Inter-
nal sediment loading. Future sampling
should focus on better understanding these
sources.

Total kjeldahl nitrogen (TKN) was also high-
est during mid summer. The greatest con-
centrations of about 1200 ppb (1.2 mg/L)
are in the range common for eutrophic
lakes. Often TKN was below the detection
limits (<650 ppb) for the analysis (Table 12).

Nitrate nitrogen was generally less than
0.03 mg/L N (Table 13). Ammonia nitrogen
was almost always less than the detection
limit of 0.29 mg/L (Table 14). These levels
of inorganic N are less than levels reported
in previous water quality evaluations (Bain
2002). The lower inorganic nitrogen may be
due to the upgrade to the City of Moses
Lake wastewater facility that now removes
nitrogen prior to groundwater disposal north
of Moses Lake.

The wastewater facility discharges about
300,000 gallons per day of low nitrogen high
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phosphorus wastewater into the groundwa-
ter.  The surrounding monitoring wells
should be sampled for phosphorus to un-
derstand the fate of phosphorus loading at
this site.

4.2.5 Lake Trophic Status

Washington State Department of Ecology
regulates nutrient loads to water bodies in
order to maintain the trophic status (WAC
173-201A-010(6)). Critical months for de-
termination of the trophic status index (TSI)
are June through September. Trophic status
classifications for ponds are oligotrophic,
mesotrophic, and eutrophic. Oligotrophic
ponds are low in nutrients (i.e. Lake Che-
lan); eutrophic systems are high in nutrients.

Eutrophication is a natural process of ac-
cumulation of nutrients that causes a
change in the trophic status of a water body.
This process can be greatly accelerated by
human activities. Eutrophication may result
in excessive growth of aquatic plants, loss
of fish habitat, and in worst-case large fish
kills.

Trophic Status Index (TSI) is calculated for
the average summer (June through Sep-
tember) concentrations of TP. Chlorophyll a,
and secchi depth disk. The following equa-
tions from Carlson (1977) are used to calcu-
late the TSI.

TSI for Total Phosphorus;

TSlip = 14.42 * In (TP, ug/L) + 4.15

TSI for Chlorophyll a,

TSlep=9.81 * In (Chl a, ug/L) + 30.6

TSI for secchi depth;

TSlgp = 60 — 14.41*In (SD, m)

A TSI greater than 40 indicates mesotrophy

and a TSI greater than 50 indicates eutro-
phy (Carlson 1977).

All of the surface water stations had a TSl
greater than 50. The station ML2 had the
highest TSle of 59. The TSlgp was greater
than 50 for ML2 and ML4; at ML5 TSlgp was
48 (meso-eutrophic).

The elevated TP and eutrophic state of the
lake is surprising considering the large vol-
ume of water added for dilution (Figure 4).
The data exemplify the importance of regu-
lar dilution flow throughout the summer
months. During the low flows the lake rap-
idly eutrophied in July. This also exempli-
fies the importance of reducing external
and/or internal loads to the lake.

4.3 ON SHORE SAMPLING SITES

On shore samples were taken during the
September and November in 2004 and in
March, June, August, and December in
2005. During the winter months there was
no dilution flow. The June 2005 sampling
was done the same day as the in lake sam-
pling. The August samples were taken 4
days earlier than the in lake samples.

4.3.1 DO, pH, and Temperature

The dissolved oxygen was suitable for fish
production during all sample times. The
highest concentrations were in December,
and the lowest were in June and August
(Table 15). This pattern is expected since
oxygen availability decreases as tempera-
ture increases due to increased biological
metabolism combined with lower solubility.
In cold water metabolism decreases and
solubility increases.

Rocky Ford Creek is the coolest location
except in Winter. Alder Street bridge sam-
ple shows the same temperature trend indi-
cating a strong influence of flows from Crab
Creek and Rocky Coulee Wasteway. Most
other on shore samples are similar to in lake
sample temperatures (Tables 5 & 16). The
sites that were most influenced by creeks
also had lower pH than the lake samples.
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4.3.2 Fecal Coliform

The surface water quality standard for fecal
coliform is a geometric mean of 50
counts/100 mL with less than 10 percent of
the samples greater than 100 counts/100
mL. The geometric mean for all sampling
sites was below the standard of 50 but 3 of
the sites had greater than 10 % of the sam-
ples above 100 counts/100 mL (Table 18).

Fecal coliform analysis does not distinguish
between human, animal, or bird coliform
bacteria. Therefore non compliance with
the standard does not indicate pollution
from human wastes. The coliform could
easily have some from a muskrat, duck,
dog, cat...or any animal around the lake.
There are sampling techniques that allow
determining the origin of the bacteria but
they are expensive and may only partially
resolve the problem. The best way to as-
sure that human waste is not entering the
lake is to assure that all houses within 100
feet of the lake have on-site septic systems
and drainfields approved by the Grant
County Health Department.

4.3.3 Total Suspended Solids (TSS)
and Nutrients

Sample collection close to shore has the
most potential for elevated TP due to sam-
pling problems and/or weather conditions.
Generally the highest TP levels were meas-
ured in March when the samples also had
the greatest TSS levels (Tables 19 and 21).
Figure 5 shows the association for ST6
(Connelly Park) and ST9 (Pelican Point)
sampling stations. March 2005 was a very
windy day (D. Nelson, personal communica-
tion) which resulted in turbulence in the
shallow areas of the lake. Phosphorus ad-
sorbed to sediment results in elevated TP
concentrations.

As expected Rocky Ford Creek had TP
concentrations much greater than the TMDL

limit of 50 ppb (Table 19). The stations
within the lake that also had average TP
greater than 50 ppb were Alder Street
Bridge (ST1), Connelly Park (ST6), Cas-
cade Valley Park (ST7), and Pelican Point
(ST9). Pelican Point had an unusually high
average TP due to the high concentrations
of TP in March.

Alder Street Bridge (ST1) sample and Cas-
cade Valley (ST7) regularly had the highest
concentrations of TP. Alder Street Bridge
probably has high concentrations due to
internal loading from sediment in Parker
Horn. Elevated concentrations at Connelly
Park are most likely due to groundwater or
Rocky Ford Creek. Continued studies
should be done to evaluate sources for ele-
vated TP in these two areas.

Soluble reactive phosphorus (srp) is also
relatively high at all of the lake stations (Ta-
ble 20). The lowest concentrations were
generally recorded in the summer sampling
times. Low concentrations are expected
due to uptake by algae. This form of phos-
phorus is independent of TSS and is the
form most abundant in Rocky Ford (ST8).

Ammonia was below detection limits at al-
most all of the sites. The highest concentra-
tions of nitrates were recorded in Alder
Street Bridge. The elevated nitrate could be
from a variety of sources from agricultural
run off, leaching from septic systems,
stormwater, or release from sediments.

Total nitrogen was not analyzed for the
samples so an N:P ratio cannot be done.
However, since the Clean Lakes project in
early 1980s, Moses Lake has been nitrogen
limited lake implying that phosphorus
sources should be reduced to better control
eutrophic conditions in the lake.

The electrical conductivity is lowest (<300
mS/cm) in the summer months when dilu-
tion water has been added to the lake. Dur-
ing March and December, when no dilution
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water is available the conductivity increases
to >300 mS/cm.

5.0 CONCLUSIONS

The TP was in excess of 50 ppb (target set
by Washington State Department of Ecol-
ogy for Moses Lake) throughout the lake.
This data implies that upon review, the lake
would again be placed on the 303(d) in
2006.

The lake water quality was strongly influ-
enced by dilution water. Greatest concen-
trations of TP were measured in July and
August when dilution flows were minimal.

Phosphorus concentrations in the lake were
significantly greater than the concentrations
measured by WA DOE in 2001.

Total phosphorus was consistently high at
the Alder Street Bridge (ST1) and Cascade
Valley (ST7) sampling stations. The ele-
vated concentrations appear to be due to
internal release from sediments and/or
groundwater.

Average fecal coliform concentrations were
within compliance of surface water stan-
dards; however, more than 10% of the sam-
ples were above the 100 cfu/100 mL limit.
The sources of the fecal coliform could be
any warm blooded animal.

6.0 RECOMMENDATIONS

Future sampling should focus on sources of
TP in the watershed. Evaluation requires
moving the sampling effort out of the lake
and on to the land.

A high priority potential source of phospho-
rus in the watershed is the City of Moses
Lake Larson Wastewater Treatment plant.
This facility discharges treated wastewater,
high in phosphorus, directly into the
groundwater up gradient of Moses Lake.

Septic systems should also be evaluated to
determine impact on groundwater phospho-
rus loads into Moses Lake.

Crab Creek is also an area that should re-
ceive further evaluation. The drainage has
a history of elevated TP and TSS loads to
Parker Horn. The agricultural land use
practices should be evaluated and sampled
to quantify impacts to Parker Horn and
Moses Lake.

Release of phosphorus from sediment in
Parker Horn should also be investigated.
This area had very high concentrations of
phosphorus when dilution water was turned
off implying high rates of release into the
water column.

WRIA 41 Lower Crab Creek 8
2005 Summary of Water Sampling in Moses Lake

NP WATER
Y QUALITY
@™ ENGINEERING



7.0 REFERENCES

Bain, R. C., 1985. Moses Lake Clean Lake
Report: Summary Report Stage 2. Avail-
able from Moses Lake Irrigation and Reha-
bilitation District, Moses Lake Washington.

Bain, R.C., 2002. Moses Lake Area — Water
Quality Monitoring Report. Prepared for
Moses Lake Irrigation and Rehabilitation
District.

Carroll, J. M. and R.F. Cusimano. 2001.
Moses Lake Phosphorus TMDL Study -
Quality Assurance Project Plan. WA De-
partment of Ecology.

Carlson, R.E. 1977. A Trophic State Index

for Lakes. Limnology and Oceanography
23(2):361-369.

Crites, R. and Tchbanoglous, G., 1998.
Small and Decentralized Wastewater Man-
agement Systems. McGraw-Hill.

MLIRD 2005. Quality Assurance Project
Plan for Moses Lake Irrigation and Recla-
mation District: Lake Sampling Program.
April 2005. Prepared by WQE Inc for Moses
Lake Irrigation and Reclamation District.
April 2005.

WA DOE, 1989. Lake Chelan Water Quality
Assessment. Prepared by Harper Owes for
Washington State Department of Ecology.

WA DOE 2005. EPA Approved Category 5
of the Water Quality Assessment. Ap-
proved in November 2005.
http://www.ecy.wa.gov/programs/wq/303d/2
002/2002-index.html

Welch, E. B., and C. R. Patmont. 1980.
Lake Restoration by Dilution: Moses Lake,
Washington. Water Research 14:1317-
1325.

WRIA 41 Lower Crab Creek 9
2005 Summary of Water Sampling in Moses Lake

™ WATER
™ QUALITY
@9 ENGINEERING



Figures

Figure 1. On shore lake sampling station (ST6) on northern end of Moses Lake. Station located on
Rocky Ford at State Road 17 (ST?) is not shown on map.
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Figure 2. In lake sampling stations sampled in 2005 focused on sampling the area in the 303(d)
listed Category 5 snte, ML4
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Figure 3. On shore sampling sites in southern
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Figure 5. Typical association of TSS and TP on in lake sample at Connelly (ST6) and Pelican Point

(ST9).
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IN LAKE (ML) TABLES

RESULTS FOR SAMPLES COLLECTED IN LAKE (ML) TABLES

Table 1 a,b,c,d,e. Relative percent difference for field replicates, laboratory duplicates, and known

standards for water quality analysis.

TP a. srp b.
Date Field Lab Check Spike Date Field Lab Check Spike
RPD,% RPD,% Std recov- RPD,% RPD,% Std recov-
RPD,%  ery,% RPD, %  ery,%
04/28/05 0% 18% 2% 96 04/28/05 0% 0% 0% 80
05/26/05 4% 4% 2% 96 05/26/05 0% 0% 30% 100
06/30/05  20% 6% 0% 48 06/30/05  33% 2% 13% 100
07/19/05  89% 15% 10% 88 07/19/05 2% 5% 13% 88
8/25/05 28% 18% 7% 78 8/25/05 47% 7% 13% 87
9/20/05 81% 22% 35% 110 9/20/05  133% 50% 25% 100
TKN c. NO3-N d.
Date Field Lab Check Spike Date Field Lab Check Spike
RPD,% RPD,% Std recov- RPD,% RPD,% Std recov-
RPD, % ery,% RPD, % ery,%
04/28/05 0% 0% 2% 98 04/28/05 29% 20% 1% 86
05/26/05  77% 0% 10% 103 05/26/05  40% 100% 0% 88
06/30/05  82% 0% 0% 93 06/30/05  33% 0% 0% 90
07/19/05  51% 0% 15% 76 07/19/05 0% 0% 10% 80
8/25/05 14% 0% 2% 113 8/25/05 13% 7% 20% 80
9/20/05 0% 51% 16% 71 9/20/05 0% 8% 10% 75
TSS e.
Date Field RPD,% Lab RPD,% Check Std RPD, % Spike recovery,%
04/28/05 29% 50% na na
05/26/05 120% 20% na na
06/30/05 0% 0% na na
07/19/05 86% 0% na na
8/25/05 4% 8% na na
9/20/05 39% 6% na na
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IN LAKE (ML) TABLES

Table 2. Comparison of phosphorous analyses for samples analyzed at Soil Test Consultants
(STC) and Aquatic Research (AR).

ML 2.6 REP RPD, ML 2.6 REP RPD,
Date TP, ppb between srp, ppb between
STC AR lab, % STC AR  lab %
4/28/05 30 10 100% na na
5/26/05 24 27 12% 5 3 50%
6/30/05 32 37 14% 14 19 30%
7/19/05 40 60 40% 120 4 187%
8/25/05 117 86 31% 73 29 86%
9/20/05 104 112 7% 2 8 120%
Average 58 55 34% 43 13 95%

na = not analyzed

Table 3. Dissolved oxygen (mg/L) at each sampling site.
Date/Site  ML2.0 ML23 ML2.6 ML40 ML4.3 ML5.0 ML5.2

4/29/2005 9.5 10.9 9.5 10.3 10.8 10.6 10.0
5/26/2005  10.0 9.9 8.7 10.2 9.9 9.3 10.6
6/29/2005 9.3 8.7 na 10.3 9.1 1.1 9.6
7/19/2005 9.5 8.3 na 10.4 7:1 10.0 9.3
8/24/2005 7.7 6.7 53 9.3 9.2 10.2 9.0
9/20/2005 9.7 9.4 8.0 9.7 9.8 9.2 8.0

Table 4. pH at each sampling site.

Date/Site  ML2.0 ML2.3 ML26 ML40 ML43 ML5.0 ML5.25 Rep-
ML2.6

4/29/2005 7.8 7.4 8.3 8.2 8.2 7.4 7.1
5/26/2005 8.4 8.4 8.2 8.0 8.6 8.5 8.5 8.2
6/29/2005 8.8 8.7 8.5 8.8 8.7 8.6 8.5
7/19/2005 8.6 8.6 8.5 8.6 8.4 8.5 8.1 8.5
8/24/2005 8.7 8.6 8.1 8.6 8.8 8.3 8.1 8.0
9/20/2005 8.5 8.4 8.4 8.3 8.5 7.8 7.9

Table 5. Temperature (°C) at each sampling site.

Temperature, °C Lake Dilu-

Date/Site  ML2.0 ML2.3 ML26 ML4.0 ML43 ML5.0 ML52 tion Ilow.
cfs

4/29/2005 14.1 13.8 13.5 13.4 12.7 11.3 11.8 2105
5/26/2005 18.3 18.2 16.9 18.0 17.9 177 16.7 5
6/29/2005 21.7 21.0 ns 22.0 21.3 22.3 21.5 13
7/19/2005 23.5 23.5 ns 23.8 23.0 249 24.8 5
8/24/2005 22.6 22.6 22.2 22.5 22.5 20.9 20.4 920
9/20/2005 18.6 18.6 18.5 18.4 18.3 17.3 17.2 669
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Table 6. Secchi depth (feet) at the lake stations.

Secchi depth, ft

Date ML2.0 ML4.0 ML5.0
4/29/2005 13.5 10.0 10.0
5/26/2005 12.0 13.0 10.0
6/29/2005 6.5 4.3 3.3
7/19/2005 4.2 3.8 4.0
8/24/2005 6.5 6 10.5
9/20/2005 5.5 6 12

TSI 52 54 48

Table 7. 2005 - Flow (acre-ft) on day of sampling and 7 days prior to sampling.
Flow on day Total flow 1

Sample date of sampling, week prior to
ac-ft sampling, ac-ft

4/29/2005 4175 29635
5/26/2005 10 1926
6/26/2005 26 2120
7/19/2005 10 83

8/24/2005 1825 11909
9/20/2006 1327 12165

Flow on day Total flow 1

IN LAKE (ML) TABLES

Sample date of sampling, week prior to
ac-ft sampling, ac-ft
4/25/2001 2116 5623
5/30/2001 980 7049
7/2/2001 2081 14712
8/1/2001 71 3739
8/29/2001 38 224
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Table 8. Algae types and counts in surface water samples.

Algae
Date ML2.0 ML4.0 ML5.0
6/30/2005
Chlorophyll a, ug/L 15 30 31
Phaephytin, ug/L na na na
Total cell count per mL 407,800 490,300 1,136,300
Green 5,300 12,500 22,100
Blue green (may be Toxic) 400,000 470,000 1,100,000
Aphanizomenon 62% 87% 97%
|Microcystis 31% 0 1%
Anabaena 7% 13% 2%
Blue green (Non - toxic) <200 <200 <200
Diatoms 2,100 7,600 13,700
Fragilaria yes yes
Cyclotella yes yes
Melosira yes
Flagellates - Euglena 400 200 500
7/19/2005
Chlorophyll a, ug/L 40 33 30
Phaephytin, ug/L <2 7 <2
Total cell count per mL 104,700 48,700 27,800
Green 13,700 10,000 11,400
Bluegreen (may be Toxic) 66,200 26,300 6,200
Aphanizomenon
Microcystis 100%  100% 100%
Anabaena
Bluegreen (Non - toxic) <200 <200 700
Diatoms 18,000
Fragilaria
Cyclotella
Melosira
Flagellates - Euglena 6,800
8/25/2005
Chlorophyll a, ug/L 10 8 5
Phaephytin, ug/L 3 3 10
Total cell count per mL 89,500 148,200 24,600
Green 17,400 21,700 8,000
[Bluegreen (may be Toxic) 71,200 121,000 11,200
Oscillatoria sp. 49% 9%
Aphanizomenon 23% 62%
Microcystis 20% 20% 100%
|Anabaena 8% 9%
Bluegreen (Non - toxic) <200 <200 <200
Diatoms 200 5,500 5,200
Fragilaria yes yes
Cyclotella yes yes yes
Melosira yes
Flagellates - Euglena 700 <200 200

IN LAKE (ML) TABLES
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IN LAKE (ML) TABLES

Table 9. 2005 - Total phosphorus and Trophic Status Index for all in lake stations.
TP level for TMDL= 50  ug/L

Date ML2.0 ML2.3 ML2.6 | ML4.0 ML4.3 | ML5.0 ML5.2
04/28/05 30 40 30 20 30 20 40
05/26/05 25 63 24 18 40 14 44
06/30/05 28 19 39 32 64 39 33
07/19/05 69 44 104 49 44 55 69
08/25/05 40 60 88 31 33 24 26
09/20/05 89 44 44 35 14 7 <7

Station Ave 47 45 55 31 38 30 42
n= 6 6 6 6 6 6 5
Samples >50 ppb 2 2 2 0 1 1 1
TSI 59 54 51
Total Lake average 41 ug/L

Table 10. 2001 - Total phosphorus and Trophic Status Index for in lake stations during 2001 DOE
TMDL assessment.

Date ML2.0 ML2.3 ML2.6 ML4.0 ML4.3  ML5.0 ML5.2 ML 2.x REP
4/25/2001 12 16 23 13 24 14 16 14
5/30/2001 33 40 43 16 21 11 32

7/2/2001 11 19 39 14 13 26 38
8/1/2001 37 40 40 26 22 23 47
8/29/2001 13 13 15 15 12 23 11
Station Ave 21 26 32 17 18 19 27 26
N= 5 5 5 5 5 5 2 4
TSI 48 44 46

Table 11. 2005 - Soluble reactive phosphorus for all in lake stations.

Soluble reactive phosphorus
Date MLZ8
ML2.0 ML23 ML26 ML4O0 ML43  ML5.0 ML5.2 rep
04/28/05 2 <2 2 <2 <2 2 <2 2
05/26/05 2 2 5 2 <2 2 3 5
06/29/05 8 9 10 10 13 12 8 14
07/19/05 37 40 122 31 37 31 42 120
8/25/05 7 12 45 7 8 9 8 73
9/20/05 <2 <2 10 2 9 5 6 2
Average 11 16 32 10 17 10 13 36
max 37 40 122 31 37 31 42 120
stdev 15 17 47 12 14 11 16 49
1
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Table 12. 2005 - TKN concentrations for in lake samples.

TKN, mg/L
Date ML2.6
ML2.0 ML2.3 ML2.6 ML4.0 ML4.3 ML5.0 ML5.2 rep
04/28/05 <0.65 <0.65 <0.65 <0.65 <0.65 <0.65 <0.65 <0.65
05/26/05 <0.65 <0.65 <0.65 1.12 0.78 0.78 1.12 1.12
06/29/05 1.64 0.97 1.20 1.20 1.20 0.97 <0.65 <0.65
07/19/05 0.84 0.84 0.84 0.65 <0.65 1.06 0.65 <0.65
8/25/05 <0.65 <0.65 0.87 <0.65 <0.65 <0.65 <0.65 1.00
9/20/05 0.74 1.12 0.74 <0.65 1.12 0.74 <0.65 0.74
Station
Ave
Average 1.07 0.98 0.91 0.99 1.03 0.89 0.89 0.95
max 1.64 112 1.20 1.20 1.20 1.06 1.12 1.12
stdev 0.49 0.14 0.20 0.30 0.22 0.15 0.33 0.19

Table 13. 2005 - Nitrate nitrogen concentrations (mg/L) for in lake samples.

Nitrate Nitrogen - NO3-N, mg/L

Date ML20 ML23 ML26 ML4O0 ML43 ML5.0 ML5.2 ML2.6rep
04/28/05 0.07 0.05 0.03 0.02 0.02 0.02 0.02 0.04
05/26/05 0.03 0.02 0.03 0.02 0.02 0.02 <0.020 0.02
06/29/05 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01
07/19/05 0.00 0.00 0.00 0.00 0.00 0.03 0.07 <0.002
8/25/05 0.02 0.01 0.02 <0.003 0.02 0.09 0.11 0.02
9/20/05 <0.002 0.01 0.01 0.02 0.03 0.14 0.15 0.01
Average 0.03 0.02 0.02 0.01 0.02 0.05 0.07 0.02

max 0.07 0.05 0.03 0.02 0.03 0.14 0.15 0.04

stdev 0.03 0.02 0.01 0.01 0.01 0.05 0.06 0.01

Table 14. 2005 - Ammonia nitrogen concentrations (mg/L) for in lake samples.
NH4-N. mg/L

Date ML2.6
ML2.0  ML2.3 ML2.6 ML4.0 ML4.3 ML5.0 ML5.2 rep
4/28/2005 0.33 0.45 0.37 0.41 0.45 0.45 0.45 0.41

5/26/2005 <0.29 <0.29 <0.29 <0.29 <0.29 <0.29 0.29 <0.29

6/29/2005 <0.29 <0.29 <0.29 <0.29 <0.29 <0.29 <0.29 <0.29

7/19/2005 <0.29 <0.29 <0.29 <0.29 <0.29 <0.29 <0.29 <0.29
8/25/05 <0.29 <0.29 0.29 <0.29 <0.29 <0.29 <0.29 0.61
9/20/05 <0.29 <0.29 <0.29 <0.29 <0.29 <0.29 <0.29 <0.29
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EXECUTIVE SUMMARY

In 2006 the sampling effort was focused on evaluating sources of phosphorus that may be en-
tering Moses Lake. The disposal of wastewater to groundwater at the Larson Wastewater
Treatment and from residential septic systems was the primary source evaluated. These were
chosen as the point of focus for 2006 since they are known sources of relatively high loads of
phosphorus to the groundwater that if necessary can be controlled with available wastewater
treatment technology. The goal of the effort was to estimate phosphorus loads to the lake from
these sources and compare them to load reductions recommended in the Washington State
-Department of Ecology TMDL assessment.

The Larson Wastewater Treatment Plant is permitted to treat and discharge a maximum waste-
water flow of 750,000 gallons per day (gpd). In 2006 the average flow treated at the facility was
324,000 gpd. The infiltration basins discharge the wastewater into coarse sandy and gravelly
soils laid down during glacial floods. Wastewater has been discharged at this site since the
1970's. The wastewater is disposed into rapid infiltrations basins that are located one mile from
western lakeshore and about 3 miles from southwestern lakeshore. The groundwater flow is
towards the lake in a southwestern direction. During the 2006 sampling, concentrations of
phosphorus in the groundwater below the infiltration basins averaged 2079 ug/L TP. Total
phosphorus (TP) concentrations in wastewater effluent averaged 2614 ug/L. The 20% reduc-
tion in TP concentration in the groundwater is due either to dilution from groundwater or removal
in the soil matrix.

Removal of phosphorus in the sandy gravels in the soil and aquifer is expected to be low be-
cause 1) the sands and gravels are coarse and calcareous and 2) long term loading to the site,
more than 25 years, has probably exhausted the limited removal capacity. Low removal im-
plies that there should be an identifiable plume of wastewater mixed with groundwater moving
southwest from the WWTP towards Moses Lake. A network of documented wells was organ-
ized to help locate a plume. The network was originally put together in 2001 and used to de-
velop a surficial groundwater model to evaluate TCE contamination in the Cascade Valley. Un-
fortunately regular access to the wells is not permitted due to a lawsuit over the TCE contamina-
tion. The limited number of wells that were sampled in 2006 indicated that the phosphorus is
not migrating into the basalt and is in the upper part of the surficial aquifer where it can dis-
charge into Moses Lake.

A maximum load from the current WWTP can be estimated if it is assumed that there is no sig-
nificant removal of TP between the wells and Moses Lake. In this scenario, the estimated
groundwater load for April through September that may flow into Moses Lake from the Larson
WWTP was 601 kg. This load could reach the lake in a couple of months to a couple of years
depending on the groundwater seepage velocities.

Septic systems in the rapidly growing Cascade Valley area are predominantly installed in very
gravelly (Type 1A) soils. These soils are generally calcareous and coarse grained and are not
expected to remove significant amounts of phosphorus. Currently there are about 3,156 acres
of land available for residential development in the Cascade Valley. About 917 acres of that
total has more than 490 dwelling units with septic systems. The estimated load from existing
septic systems to Moses Lake is 466 kg TP. This estimate is based on an “average” wastewa-
ter, 20-30% removal in the septic tank, 20% removal in the drain field, and 10% removal in the
groundwater matrix. These assumptions could be strengthened with more extensive field sam-
pling. At this time, this is a ball park estimate of the loads from existing septic systems in the
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area. This is probably a low load estimate since septic systems installed prior to 1993 were not
accounted for because they were not in the Grant County electronic database. If the Cascade
Valley is developed to allowable densities without a sewer system, the loads from septic sys-
tems and impacts to Moses Lake will be much greater.

Disposal of municipal and residential wastewater appears to be a very significant source of
groundwater phosphorus entering Moses Lake. The total estimated load in 2006 from the two
sources is 1067 kg TP over a six month period. The estimated load is 142% of the recom-
mended groundwater load reduction from the Moses Lake TMDL and about 32% of the total
load recommended by WA DOE for all of Moses Lake. Installation of phosphorus removal tech-
nology at the Larson Wastewater Facility, a sewer collection system in Cascade Valley, and/or
requirements for removal of phosphorus in residential septic systems will result in a significant
load reduction to Moses Lake. Implementation of methods to reduce phosphorus loads will im-
prove the long term quality of Moses Lake.

In addition to groundwater sampling, the lake was also sampled in July and September 2006.
The dilution flow added to Moses Lake via Rocky Coulee Wastewater for the year was 194,800
acre feet. Eighty-six percent of the dilution flow was added before the end of May. The rela-
tively low dilution flows in July and August, the hottest months of the summer, appears to have
contributed to low lake water quality in the late summer. In September, the average surface wa-
ter concentration in the lake was 54 ug/L TP. Concentrations were equal to or greater than 60
ug/L in the lower portion of Rocky Ford Arm and in the south end of the lake. These high con-
centrations supported large blooms of toxic blue green algae that concentrated in the south end
of the lake. _

The concentrations of toxic blue green algae were at levels considered to be a moderate to high
risk by the World Health Organization. When concentrations are this high, health districts or
lake associations are recommended to post signs, restrict access to the lake, and make meas-
urements of cyanotoxins to clarify concerns about toxicity. The primary concerns would be for:
residents that have drinking water wells in hydraulic continuity with the lake, risks to pets and
livestock drinking the lake water, and swimmers itch or rashes to anyone swimming in the lake.

In August 2006 the United States Bureau of Reclamation began evaluation of the use of Crab
Creek as a supplemental route for feed water to Potholes Reservoir. There were concerns that
expected additional flow rates of 150 cfs would erode soil and transport large loads of sediment
and nutrients into Parker Horn. Sample results from August through December revealed no
significant changes in water quality entering Parker Horn during the supplemental flow study.

The entire supplemental feed flow from Brooks Lake was not accounted for in surface water
flows at the Road 7 USGS flow gage on Crab Creek. Flows in Crab Creek peaked in mid De-
cember at about 95 cfs. This is about 75 cfs greater than expected base flows in Crab Creek for
this time of year. The significant change in the hydrograph in December implies that a new flow
condition for Crab Creek was developing. If supplemental flows had continued past December
15 it appears that a significant percentage, certainly greater than 50%, of the supplemental flow
would have entered Moses Lake via Crab Creek.

During the flow study a dairy on Crab Creek was flooded. The resultant pond that formed had
up to 500 ppb TP. The land had been used for land application of dairy wastewater. If this
pond had breached a natural dike and reconnected to the main channel of Crab Creek the
phosphorus load would have been significant.
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All the supplemental feed flow was expected to flow into Moses Lake, if not by Crab Creek, then
via alternative subterranean routes. Rocky Ford Creek flows increased significantly during the
test period.

Future work for 2007 should focus on development of a Water Pollution Control Plan for control
of phosphorus loads into Moses Lake. This area is growing rapidly with no control of phospho-
rus loads into the lake from municipal, residential, or agricultural wastewater disposal. The lake
will become more eutrophic if a planning and action strategy is not developed and implemented.
This study makes it clear that there is a high risk of phosphorus loading from the disposal of
wastewater at the Larson treatment Plant and from unsewered areas around the lake. The City
should be encouraged to begin planning for a phosphorus removal system at Larson WWTP.
The County and City should begin planning for either 1) A collection system in the Cascade Val-
ley and other unsewered areas or 2) Requiring phosphorus removal systems for residential sep-
tic systems in the Cascade Valley. If these actions are taken about one third or more of the
total TP load reduction recommended by Department of Ecology’s TMDL assessment could be
achieved. More importantly, the long term recreational benefits of Moses Lake will be protected
and/or enhanced.
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1.0 INTRODUCTION

In 2006 the Moss Lake Irrigation and Rehabilitation District (MLIRD) contracted with Water
Quality Engineering to start a phosphorus assessment for Moses Lake. A source assessment
was recommended for the following reasons:

1. 2005 lake water sampling showed elevated phosphorus concentrations (>50 ppb) in
several locations around the lake.

2. It was agreed that water pollution control planning would be beneficial for the lake due to
concerns about municipal, residential, and agricultural wastewater pollution in the Moses
Lake drainage basin.

3. Development of a water pollution control plan can be completed and be approved by WA
DOE as an alternative to the Total Maximum Daily Load (TMDL) process.

4. The assessment would serve as a foundation for a water pollution control plan

5. A water pollution control plan can be approved as an alternative to the Total Maximum
Daily Load (TMDL) process.

2.0 MOSES LAKE AREA BACKGROUND

Moses Lake is a shallow warm water lake covering an area of approximately 6800 acres
(10.6 square miles). The watershed to Moses Lake encompasses approximately 2,450 square
miles, principally within the Crab Creek drainage. The lake and adjacent watershed lands are
shown on Figure 1. Physical characteristics of Moses Lake are provided in Table 1.

The City of Moses Lake and adjacent urban areas occupy much of the southeastern shoreline
including areas within the lake known as Parker Horn and Pelican Horn. Crab Creek waters en-
ter the lake at the upper end of Parker Horn; USBR dilution water releases from the East Low
Canal enter Crab Creek via Rocky Coulee Wasteway approximately one mile north of Parker
Horn. A portion of the diluted water within Parker Horn is pumped across a narrow peninsula to
Pelican Horn in order to dilute nutrients and improve local water quality. In years past the City of
Moses Lake sewage effluent discharged into Pelican Horn. This major source of nutrients was
removed in 1979 when sewage was transferred to a new treatment plant with effluent disposal
to lands east of Moses Lake.

The northern or main arm of Moses Lake is fed by a small spring fed tributary known as
Rocky Ford Creek. See upper left hand corner of Figure 1. In 1987 a small dam was con-
structed at the lower end of Rocky Ford Creek as part of the Moses Lake Clean Lake Project.
This dam was designed to prevent upstream migration of carp into the creek system as part of a
program to enhance water quality within the creek and Moses Lake. High phosphorus concen-
trations are associated with the Rocky Fork Creek system and were aggravated by carp activity
within the creek. The carp barrier provided a detention pond and made subsequent rehabilita-
tion of the creek feasible. Carp had eroded the banks and uprooted vegetation within the creek.
Carp remaining in the Creek were eradicated by the Department of Wildlife and a trout fishery
was established. During 1996 stop logs were removed by vandals who compromised the struc-
tures water quality control features by lowering the detention pond water surface and allowing
carp to migrate upstream into Rocky Ford Creek. The State Department of Fisheries and Wild-
life repaired the structure and rehabilitated Rocky Ford Creek during 1998.
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Table 1. Physical Characteristic of Moses Lake (Bain 1990) (based on water surface elevation of
1046 ft).

Moses Lake
Surface Area 6,800 acres
Maximum Depth 38 feet
Mean Depth 18.5 feet
Volume 126,000 acre-feet
Total Length 20.5 miles

Parker Horn

Mean depth 12.6 feet
Area : 758 acres
Volume 9,520 acre-feet

Pelican Horn

Mean Depth 15.6 feet
Area 1,600 acres
Volume 25,000 acre-feet

The Moses Lake Clean Lake Project also focused on nitrogen sources, particularly the
deep percolation of nitrates from irrigation of agricultural lands within Blocks 40 and 41 of the
USBR Columbia Basin Project. The project provided on-farm assistance to local irrigators
which included cost share assistance for irrigation system upgrades and for irrigation water
management programs. These major on-farm activities resulted in funding of improvements on
36 farms and directly involved 5,346 cropland acres. Subsequent project spin-offs occurred
benefiting approximately 7350 cropland acres by the 1989 irrigation season. Nutrient loss sav-
ings and overall benefits of the Clean Lake Program were summarized in a March 1990 Final
Report (Bain 1998). Since completion of the Clean Lakes Project, lake and surrounding well
have been monitored on a 5 year cycle to provide a historical data base and records on water
quality in the lake since completion of the Clean Lakes project.

2.1 WATER QUALITY STATUS

Moses Lake is classified as a Lake class under Washington State water quality standards
(Chapter 173-210A WAC). Rocky Ford Creek is classified as Class A, and Crab Creek as Class
B. Lake class and Class A waters are required to meet or exceed the requirements for all or
substantially all, of the following characteristic uses: domestic, industrial, and agricultural water
supply, stock watering; salmonid and other fish migration, rearing, spawning, and harvesting;
wildlife habitat; recreation (primary contact recreation, sport fishing, boating, and aesthetic en-
joyment); and commerce and navigation. Class B water are required to meet or exceed the re-
quirements for most of the preceding uses (Carroll 2006).
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Figure 1. Moses Lake Watershed
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Despite all the work and benefits of the Clean Lakes Project (Bain 1990) Washington State De-
partment of Ecology placed Moses Lake, Rocky Ford, and Crab Creek on the 2004 303(d). The
Lake was listed with a Category 5 listing for Total phosphorus. The lake outlet was also placed
on the 303(d) for pH based on samples collected from 1993 —2001. In addition to the water
quality listings the lake was listed for elevated concentrations of 2,3,7,8 TCDD and PCBs in fish
tissue (WA DOE 2005). Crab Creek was listed for high pH and temperature at several loca-
tions (mouth to Moses Lake, at USGS gage station, Road 16 crossing) (WA DOE 2005).
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Washington State Department of Ecology published the results of its 2001 water quality as-
sessment with recommendations for reducing phosphorus loads to Moses Lake (Carroll 2006).
Final load reduction recommendations for bringing Moses Lake into compliance with water qual-
ity goals are shown in Table 2. The water quality goal is that Moses Lake will have an average
concentration of 50 ug/L Total Phosphorus. This standard applies from May through Septem-
ber. The hydraulic conditions for the critical flow conditions are 90" percentile inflows from
Rocky Ford Creek and Crab Creek and a 10" percentile flow or feed water through Rocky Cou-
lee Wasteway )based on flow records from 1977-2001).

Development of a Total Maximum Daily Load (TMDL) and reduction strategy was initiated with
public hearings in 2002 but was discontinued in 2003. The TMDL process for the lake may be
reconsidered in 2007 (Peeler 2004).

Table 2. External TP load contributions to Moses Lake (May through September) during critical
load conditions and TP loads following 35% load reductions (Carroll 2006).

TP load, TP load after 35% TP Load reduction

External Source kg reduction(kg) (kg)
Crab Creek 1765 1147 591
Rocky Coulee Wasteway 687 447 240
Groundwater 2150 1398 752
Columbia Basin Hatchery' 77 50 22
Columbia Basin Hatchery Spring 1582 1028 554
Troutlodge Hatcheries' 398 259 139
Rocky Ford Creek 3089 2008 1081
TOTAL 3379

"Hatcheries contributions based on 2001 production levels.

3.0 MOSES LAKE AREA GEOLOGY AND HYDROGEOLOGY

3.1 GEOLOGY OF THE MOSES LAKE AREA

The subsurface stratigraphy of the Moses Lake area consists of a series of thick Miocene-age
basalt lava flows and interbedded sediments is known as the Columbia River Basalt Group
(CRBG). The most recent basalts underlying most of the Moses Lake area are Roza Member of
the Wanapum Basalt formation of the CRBG.

Throughout much of the area, the basalts are overlain by finer-grained deposits known as the
Ringold Formation. Ringold sediments in the Moses Lake area are composed of lacustrine clay,
silt, and fine sand. These sediments are thicker to the west and pinch out east of the lake ap-
proximately one mile west of Crab Creek. Previous research indicates the Ringold sediments
separate Moses Lake from the underlying basalt units for much of the area between the airport
and the city.

Overlying the Ringold sediments are a sequence of Pleistocene-age flood deposits that sur-
round the majority of the lake. These flood deposits, known as the Hanford Formation, consist of
large, well-stratified boulder to granule-sized basaltic gravel with some deposits of sand, silt,
and non-basalt gravel.

WRIA 41 Lower Crab Creek 12

N WATER
2006 Summary of Groundwater and Lake Sampling

E7% QUALITY
s ENGINEERING



3.2 HYDROGEOLOGY

The finer-grained deposits of the Ringold Formation act as an aquitard, separating groundwater
in the Hanford flood deposits from groundwater in the underlying basalt units. This position and
distribution of the Ringold sediments with respect to the lake bed indicate that the majority of
groundwater interacting with Moses Lake moves through the coarse grained Hanford flood de-
posits with limited interaction from the basalt units. Groundwater moving into the lake along the
southeastern shore of Pelican Horn and in the area of the big bend may be transported through
the Ringold deposits (Pitz 2003).

The Hanford Formation flood deposits are highly permeable and can allow rapid groundwater
movement. Reported hydraulic conductivities in this formation range from 2,800 to 28,000
ft/day. In addition, because of the coarse nature of these deposits, infiltration rates through the
vadose zone are considered to be quite rapid with little attenuation capacity for pollutants (Pitz,
2003; MWH, 2003).

Hanford Formation flood

deposits are highly perme- Moses Lake has been described as a regional discharge fea-
able and can allow rapid ture for shallow groundwater within the Columbia Basin.
groundwater movement. Groundwater elevation data in the Hanford and Ringold de-

posits just east of the lake indicate the main direction of
groundwater flow in this area is in a south to southwest direction, with groundwater discharging
to the lake along the eastern shoreline (Figure 2). Groundwater discharge volumes to the lake
from the lower permeability Ringold deposits is limited but significant (Pitz, 2003; MWH, 2001).

Recharge for both the unconsolidated aquifers and the basalt aquifer is primarily from irrigation.
Primary creeks entering Moses Lake, Rocky Ford Creek and Crab Creek are both groundwater
discharge areas. The recharge to the Rocky Ford stream area comes from the northwest (Eph-
rata), and north (Soap Lake), and the northeast (Adrian). Recharge to the portion of Crab Creek
between Adrian and Moses Lake is primarily from the east and northeast. Direct groundwater
recharge to Moses Lake is from both east and west (Figure 2).

3.3 GROUNDWATER QUALITY

A historical median TP concentration of 20 ug/L has been reported from wells sampled between
1942 and 1992 in the central Columbia Plateau (Pitz, 2003). These data showed no clear trend
in TP concentration with depth as might be expected from a buried geologic source. Reported
TP concentrations averaged 35 ug/L as P in groundwater from wells less than 150 feet in the
Moses Lake area since 1980 (Pitz 2003).

3.3.1  Natural Condition of Phosphorus in Area Groundwater

The existence of surface or subsurface geologic deposits containing phosphate minerals were
suggested to cause the elevated phosphorus concentrations in the groundwater in the Moses
Lake area. Detailed mineralogical descriptions of the Hanford and Ringold Formations are lim-
ited in the literature but there are no references to the presence of significant phosphate mineral
deposits in these formations in published geologic reports of the area. In addition, the sediments
of the Ringold Formation underlying Moses Lake are thought to originate from granitic and vol-
canic regions located northeast of the Columbia basin. Such sediments are not likely to be a
significant source of phosphorus-rich sediments.
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Figure 2. Groundwater flow direction in Moses Lake basin (arrows). Tan areas around lake are
Pleistocene gravel and sand flood deposits (from Pitz 2003).

The slightly higher OP concentrations in the Moses Lake area (35 ug/L) compared to the central
Columbia Plateau (20 ug/L) may possibly be due to a natural mineral contribution; however pre-
vious research suggests human impacts (Pitz, 2003).

Rocky Ford Creek presents an anomaly to the presumed groundwater phosphorus levels of 35
ug/L. Rocky Ford Creek is fed by a spring that historically has elevated levels of phosphorus.
Carroll (2006) reported an average concentration of 91 ug/L TP in the spring water. Pitz (2003)
and Bain (2002, 1997, 2002) speculate that the spring is fed with shallow groundwater originat-
ing from the flood deposits northeast of the springs. Using trilinear analysis of water samples
and historical geological evaluations, reasoned that the spring water was not connected to Soap
Lake (a lake north of the springs which has phosphorus concentrations as high as 6300 ug/L
TP).

Bain (1987) determined that phosphorus may originate from Brook Lake and Round Lake. Nu-
trients in these lakes apparently originate from agricultural activities in the upper Crab Creek
Basin and upper Grant and Lincoln Counties. Bain found no available evidence for a natural
stratigraphic source of phosphorus that could explain the elevated concentrations present in the
groundwater. Pitz (2003) speculates that the source may be low density rural development
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combined with agricultural practices. However, the phosphorus load from Rocky Ford Creek
(Table 2) is equivalent to the amount that may produced by a population of about 6000 people
discharging wastewater directly into the Creek (assuming 80 gallons wastewater/person/day
with 6 mg/L TP). This large of a community is difficult to find between Moses Lake and Spo-
kane.

3.3.2 Anthropogenic Sources of Phosphorus Contributing to Groundwater

Common sources of phosphorus in groundwater are disposal of municipal, residential, and agri-
cultural wastewater. The focus of the 2006 source evaluation is municipal and residential
wastewater disposal in the Cascade Valley area. This area and sources were given high prior-
ity for evaluation because many circumstances imply that they may be significant source of
groundwater phosphorus. These circumstances are: the hydrogeology, gravelly soils, the rapid
increase in development, the close proximity to the lake, and the long term disposal of wastewa-
ter in to the area.

4.0 PURPOSE AND GOALS

This sampling program is the initiation of efforts to develop a Water Pollution Control Plan for -
Moses Lake. The goal of the Plan will be to better identify sources and implement programs to
reduce loads of phosphorus into Moses Lake. The assessment entails sampling groundwater,
the lake, evaluating septic systems, and monitoring creeks flowing into Moses Lake. General
goals for 2006 sampling are discussed below.

4.1 LAKE SAMPLING GOALS

Lake sampling in 2006 was done to monitor lake water quality following a wet winter. The
USBR does not normally run a lot of water through the lake after a wet year. The low dilution
flows were expected to have negative impacts on lake water quality.

4.2 GROUNDWATER SAMPLING GOALS

Wastewater disposal from the Larson Wastewater Treatment Plant (WWTP) and septic systems
be a source of groundwater phosphorus that enters Moses Lake. The objectives of 2006 sam-
pling are to determine if there is:

1. Elevated concentration of phosphorus in groundwater at monitoring wells surrounding
the Larson WWTP disposal area,

2. A groundwater gradient towards Moses Lake or Crab Creek and,

3. A significant phosphorus load to Moses Lake from the wastewater disposal site.

4.3 SEPTIC SYSTEM EVALUATIONS

This task involves evaluation of the current status of septic systems in the Moses Lake area.
The objective of the task is to quantify the existing and future status of septic systems around
the Lake.
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4.4 CRAB CREEK SAMPLING

The Columbia River Water Management Program is evaluating alternative methods to develop
new water supplies for the Columbia River basin. One of the alternative methods is to move
water from Brooks Lake down Crab Creek and into Potholes Reservoir (WA DOE 2006). An
early implementation study was started by United States Bureau of Reclamation in August
2006. A sampling program was established in 2006 to monitor impacts of additional flows in
Crab Creek.

5.0 SAMPLING METHODS AND SITES

Phosphorus is reported as either Total Phosphorus (TP) which includes organic and inorganic
phosphorus; or the soluble form referred to as ortho-phosphorus (OP) which is the form that is
most available for biological growth. All phosphorus data is reported in the units of ug/L or parts
per billion (ppb). The TMDL target for phosphorus is 50 ppb TP.

A Quality Assurance Project Plan was developed for lake sampling in 2005 (MLIRD 2005).
Sites and protocol were selected to assure consistency with the Moses Lake Phosphorus TMDL
Study QAPP (Carroll and Cusimano 2001). The QAPP was amended in 2006 to include
groundwater sampling from area wells. Some of the Groundwater Management Association
(GWMA) sampling procedures were adapted to provide continuity with the tri-county regional
sampling program developed by GWMA. In some cases the procedures adapted for the QAPP
are the same or similar. Since phosphorus is the item of primary concern in these evaluations
procedures were modified where more exact sampling techniques are required for phosphorus.
The GWMA QAPP has been approved by the United States Department of Environmental Pro-
tection (US EPA).

5.1 QUALITY CONTROL FOR SAMPLE ANALYSIS

Sample quality control measures were implemented in the field and the laboratory. One repli-
cate sample was collected in the field and analyzed for all water quality parameters. A duplicate
sample was randomly selected in the laboratory and analyzed for each set of monthly samples.
A spike sample, blank and known standard were also analyzed in the lab for one random sam-
ple for each set of monthly samples.

Differences between the replicates, duplicates, and known standards were compared using
relative percent difference (RPD). Relative percent difference is calculated by the equation be-
low:

RPD = absolute value of: [(X; - Xg)/(X1 + Xg)/2)],

X, is the value of sample and Xgthe value of the parameter for the replicate or duplicate of X;.
The RPD gives an understanding of the sampling error from variability in the field and during
laboratory analysis.
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6.0 RESULTS AND DISCUSSION

6.1 LAKE SAMPLE STATISTICS

The RPD for each set of lake samples is presented in Table 3. All data reported by Soil Test
Consultants, Inc are available in Appendix 1. During analysis of the July samples the RPD of
10% was exceeded for ortho P during analysis of the known standard and for Total N during
analysis of the sample spike. These two exceedances also resulted in the average laboratory
RPD being greater than the 10% target. During September the average RPD for the laboratory
analysis were all less than the 10% target (Table 3).

Table 3. Summary of QA|QC Statistics (relative percent difference, RPD) for the two sets of lake

samples. _
Ortho P Total P Total N pH
July Sample
Lab Duplicate 4% 8% 0% FM
Sample spike 6% 3% 79% FM
Known standard 29% 3% 2% FM
Average RPD 13% 5% 27% FM
September Sample
Lab Duplicate 0% 14% 0% 3%
Sample spike 3% 3% 0% na
Known standard 0% 3% 0% 1%
1% 6% 0% 2%

Average RPD
FM = Field measurement

6.2 GROUNDWATER SAMPLE STATISTICS

The average RPD summaries for groundwater samples are presented in Tables 4 through 6.
These include samples collected from wastewater effluent and monitoring wells at the

Table 4. Summary of Average RPD for Larson Wastewater Effluent Samples.

Date

Total P

Ortho P

Sodium

Chloride

Boron

7/19/2006

4%

6%

3%

2%

5%

7/26/2006

4%

13%

3%

9%

5%

8/2/2006

4%

1%

3%

3%

3%

8/9/2006

4%

1%

3%

3%

3%

8/16/2006

5%

2%

1%

1%

4%

8/23/2006

5%

1%

1%

1%

4%

8/30/2006

3%

2%

2%

2%

4%

9/6/2006

3%

1%

2%

2%

4%

9/13/2006

6%

2%

2%

0%

4%

9/20/2006

6%

25%

2%

0%

4%

9/27/2006

4%

1%

2%

3%

4%

10/4/2006

3%

1%

1%

2%

5%

10/11/2006

12%

9%

1%

1%

5%

10/18/2006

5%

2%

1%

1%

4%

11/8/2006

1%

2%

2%

1%

4%

12/6/2006

3%

1%

2%

1%

4%
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Larson Wastewater Treatment Plant and those collected from domestic private wells.

Appendix 2 contains the groundwater summary statistics for the remaining parameters (lab du-
plicate, sample spike, and known standard) and all data reported by Soil Test Consultants. The
average laboratory RPD was less than the 10% target for the majority of sampling dates and
groundwater constituents.

Table 5. Summary of Average RPD for Larson Monitoring Wells.

Date Total P | Ortho P Sodium | Chloride Boron
6/13/2006 na na na na na
7/11/2006 na na na na na

8/8/2006 na na na na na
9/12/2006 6% 2% 2% 2% 3%
10/10/2006 3% 2% 1% 1% 5%
11/7/2006 6% 1% 3% 5% 3%
12/5/2006 3% 3% 2% 1% 4%

na - not available

Table 6. Summary of Average RPD for Domestic Wells.

Date Total P Ortho P Sodium Chloride Boron
10/30/2006 6% ns 3% 10% 3%
12/5/2006 3% | 3% 2% 1% 4%
12/21/2006 2% 14% 3% 4% 7%

ns - not sampled

6.3 LAKE SAMPLING

The 2005/2006 winter was very wet and consequently dilution flows from Rocky Coulee Waste-
water were expected to be very low in 2006. Since the critical season for the TMDL is for low
flow years the plans were to sample the lake during this critical time. However, the flows from
USBR to Rocky Coulee Wasteway were relatively normal so samples were only collected twice.

6.3.1 Lake Sampling

Lake sampling sites are shown in Figures 3 and 4. These sites are consistent with the 2001
TMDL lake assessment and other historic sampling records (MLIRD 2005)

6.3.2 Dilution Flows

Diversion of Columbia River water via Rocky Coulee Wasteway into Moses Lake is managed by
United States Bureau of Reclamation. Dilution flow began in 1976. Flow delivery to Moses Lake
is based on irrigation needs south of Moses Lake. Consequently flows are provided regularly in
the spring and fall to fill the Potholes Reservoir. Flows are intermittently released in the summer.
Figure 5 shows dilution flows from Rocky Coulee Wasteway into Moses Lake throughout 2005
and also through July 2006. This figure shows the general pattern of flow; large flows in spring
and fall and less in the summer and winter.
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Flows from Rocky Coulee have significant impacts on nutrient levels and water quality in the
lake. Total flow to Moses Lake in 2006 was 194,802 acre-feet. This was significantly less than
flow added in six previous years (Table 7). From 2002 through 2005 total annual flow was
greater than 316,900 ac-ft for each year.

NEEF Dilution Release |.
(ac-ft)
1976 64,070
1977 150,630
1978 81,840
1979 214,540
1980 19,540
1981 56,050
1982 144,180
1983 73,250
1984 0
1985 154,350
1986 106,230
1987 137,770
1988 207,300
1989 207,300
1990 229,980
1991 286,098
1992 267,846
1993 120,976
1994 289,356
1995 132,211
1996 60,685
1997 25,886
1998 111,026
1999 117,928
2000 243,072
2001 242,039
2002 316,900
2003 340,418
2004 372,315
2005 326,875
2006 194,802
90th percentile 316,900
75th percentile 242,556
50th percentile 150,630

Table 7. Moses Lake Dilution Water Release Record.

Total annual flow is not always a good indicator of lake quality during the summer because sig-
nificantly less dilution flow is available in the summer months. Figure 5 shows that in 2006 most
of the dilution flow were added before July 1; of 194,000 acre-ft added in 2006 only 87% of the
annual flow was released before July 1. Therefore dilution flows in July, August, and Septem-
ber were very low in 2006. This was a major factor in high concentrations of TP and algae in
the September lake samples.
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Figure 5. Comparison of Dilution flows from Rocky Coulee Wasteway in 2005 and 2006.

6.3.3 Lake Water Quality - Phosphorus

The lake was sampled on July 26th and on September 21%'. On both days surface water grab
samples were collected at all lake stations (Table 8). Surface water concentrations of TP were
less than 40 ug/L at all locations in July. In September surface water samples were greater
than 50 ug/L TP at three stations. The average surface water concentration for the entire lake
was 26 + 12 ug/L TP in July and 54 + 14 ug/L TP in September.

The elevated TP in September occurs for several reasons, 1) TP release from the sediment in-

crease in the summer due to development of anoxic sediment conditions, 2) a uniform tempera-
ture gradient facilitates mixing of the entire water column, and 3) dilution flow was low in August
and September. These three conditions combined resulted in elevated TP concentrations and

the eutrophic conditions observed.

6.3.4 Lake Water Quality — Algae, Chlorophyll, and Visibility

Lake Sampling Results

Surface water samples were sent to Water Management Laboratories and analyzed for algae
type and chlorophyll a. The algae densities (Table 9) and chlorophyll a (Table 8) were much
higher in September than in July. The algae populations were dominated by toxic blue green
algae during both July and September. Concentrations were highest in September and toxic
blue green algae were at levels that have moderate to high probability of adverse health effects.
The World Health Organization considers concentrations greater than 100,000 counts/100 mL a
moderate risk (WHO 2006). During this type of condition, the WHO recommendations are to
discourage swimming and post on-site risk advisory signs. The risks are greatest from the toxic
blue-green algae Microcystis sp. This alga was at elevated concentrations throughout the lake
in September. Concentrations in the southern part of the lake were highest, reaching concen-
trations of 554,000 at ML3.0 and 704,000 counts/mL at ML7.0 (Figure 4 and Table 9). ltis
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common for these algae species to drift with the winds and get concentrated in down wind sec-
tions of a lake. The high concentrations in September are most likely due to strong northerly
winds the day before sampling. The day before sampling, September 20, the winds were blow-
ing to the south at an average speed of 3.6 mph; significantly higher than the monthly average

of 2.1 mph.
Table 8. Summary of lake sampling during 2006.
MLCCO  ML2.0 ML2.5 ML3.0 ML4.0 ML5.0 ML6.0 ML7.0
TP, ug/L
7/26/06 35 12 46 39 9 17 32 15
9/21/06 29 59 ns 69 49 37 47 62
Ortho - P, ug/L
7/26/06 34 5 0 17 4 5 18 5
9/21/06 6 9 ns 13 9 5 8 12
Total N, mg/L
7/26/06 <0.7 <0.7 1.95 1.3 <0.7 <0.7 0.7 <0.7
9/21/06 <0.7 <0.7 <0.7 <0.7 <0.7 <0.7 <0.7
pH
7/26/06 8.3 8.76 7.98 8.6 8.55 8.61 8.77 8.71
9/21/06 7.9 8.6 ns 8.7 8.5 8.8 8.7 6.99
Temperature, oC
7/26/06 23.3 26.1 23.8 25.9 26.7 27.5 27 26.3
9/21/06 13.8 18.0 ns 18.1 17.8 16.2 17.5 18.0
Dissolved oxygen, mg/L
7/26/06 7.15 9.16 7.98 8.2 8.67 10.56 7.99 8.03
9/21/06 8.3 10.7 ns 8.4 104 10.0 9.7 9.5
Secchi depth, ft
7/26/06 5.2 6.8 12.2 6.3 4.5 6.5 10.8
9/21/06 7.0 3.3 ns 2.3 3.9 5.2 ns 2:3
Chlorophyll a, ug/L
7/26/06 ns 5 ns 5 6 7 5 14
9/21/06 4 20 ns 29 16 12 27 9
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Table 9. Densities of algae in the lake in July and September.

21-Jul-06 9/21/2006
ML2.0 ML2.0
Phytoplankton counts/mL counts/mL
Total 220,400 544,000
. Microcystis (59%),
Aphanizomenon
Bluegreen 550000  (87%), Microcystis 500,000  LYNgbya (33%), Apha-
(Toxic) (13%) nizomenon (3%), Ana-
% baena (5%)
ML3.0 ML3.0
Phytoplankton counts/mL counts/mL
Total 4,100 800,400
Microcystis (76%),
Bluegreen 5 000 Microcystis (100%) 730,000  Lyngbya (6%), Apha-
(Toxic) :
nizomenon (3%),
ML4.0
Phytoplankton counts/mL counts/mL
Total 61,900 625,900 Ulothrix
Aphanizomenon Anabaena (58%), Mi-
Bluegreen (66%), Microcystis crocystis (31%), Lyng-
(Toxic) 59,500 (30%), Anabaena 800,000 bya (3%), Aphanizome-
(4%) non (8%),
ML5.0 ML5.0
Phytoplankton counts/mL counts/mL
Total 31,800 626,100
Anabaena (65%), Micro-
Bluegreen . cystis (28%), Apha-
(Toxic) 7,100 Anabaena 600,000 nizomenon (6%), Lyng-
bya (1%)
__ML6.0 ML6.0
Phytoplankton counts/mL counts/mL
Total 14,600 269,600
Microcystis (87%), Ana-
Blu?.?;iﬁg 10,100 Microcystis (100%) 200,000 baena (9%), Apha-
nizomenon (4%)
ML7.0 ML7.0
Phytoplankton counts/mL counts/mL
Total 160,000 867,300
Green <200 <200
Blueareen Aphanizomenon Microcystis (88%), Ana-
(Tgoxic) 160,000  (93%), Microcystis 800,000  baena (11%), Lyngbya
(7%) (1%)
CcCo CCo
Phytoplankton counts/mL counts/mL
Total ns 7,100
Bluegreen
(Toxic) " 700 Microcystis (100%)
ns = no sample
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The liver toxins from these algae can cause skin irritations, gastrointestinal iliness, and potential
long term iliness. Pets are most vulnerable due to potential ingestion from drinking or licking the
algae off their fur.

These blue green algae are associated with lakes with elevated concentrations of phosphorus.
In September, the average concentration of TP in the surface water of the lake was 54 ug/L.
Elevated concentrations of phosphorus contribute to the elevated concentrations of blue green
algae.

General Background on Blue Green Algae

Blue-green algae are ubiquitous in ponds and lakes around the world. There are numerous spe-
cies of blue-green algae; most do not produce toxins. Four primary genera grow in Washington
and produce toxins. These four genera are Microcystis sp., Anabaena sp., Aphanizomenon sp.,
and Gloetrichia sp. All genera are capable of producing microcystin, a hepato (liver) toxin, but
Microcystis is to be the major producer of microcystin.

Microcystin and other cyanotoxins have not been directly related to deaths of humans from rec-
reation in ponds or lakes. However, there have been links to skin rashes on swimmers and clo-
sure of swimming areas is common. The toxin presents the greatest danger to people when it
occurs in drinking water reservoirs. The World Health Organization has set an allowable
cyanotoxin concentration of 1 ug/L (1 part per billion) for drinking water. This is the concentra-
tion that theoretically could be consumed in drinking water by a human being every day for 70
years without ill effect (Newcombe and Burch, 2003). Concentrations recorded in western
Washington lakes, have been as high as 32 ng/L in Green Lake (Seattle Department of Parks
2003) and 43 ug/L in Lake Sammamish (Jacoby 2003). In ponds and lakes used strictly for rec-
reation the primary concern is consumption of water by to pets and livestock. There have been
deaths of pets attributed to cyanotoxins.

No attempt was made to measure cyanotoxins in Moses Lake in 2006. Future sampling should
monitor microcystins especially in public swimming and livestock watering areas.

6.3.5 Lake Trophic Status

Washington State Department of Ecology regulates nutrient loads to water bodies in order to
maintain the lake trophic status (WAC 173-201A-010(6)). Critical months for determination of
the trophic status index (TSI) are June through September. Trophic status classifications for
ponds are oligotrophic, mesotrophic, and eutrophic. Oligotrophic ponds are low in nutrients (i.e.
Lake Chelan); eutrophic systems are high in nutrients.

Eutrophication is a natural process of accumulation of nutrients that causes a change in the tro-
phic status of a water body. This process can be greatly accelerated by human activities. Eutro-
phication may result in excessive growth of aquatic plants, loss of fish habitat, and in worst-case
large fish kills. In the last couple of decades, toxic blue green algae have also become more
problematic in eutrhophic lakes.

Trophic Status Index (TSl) is calculated for the average summer (June through September)
concentrations of TP. Chlorophyll a, and secchi depth disk. The following equations from Carl-
son (1977) are used to calculate the TSI.
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TSI for Total Phosphorus: TSlp = 14.42 * In (TP, ug/L) + 4.15
TSI for Chlorophyll a: TSley = 9.81 * In (Chl a, ug/L) + 30.6
TSI for secchi depth: TSlgp = 60 — 14.41*In (SD, m)

A TSI greater than 40 indicates mesotrophy and a TSI greater than 50 indicates eutrophy (Carl-
son 1977). In order for Moses Lake to be in a mesotrophic condition the average TP would
need to be less than 23 ug/L.

During 2006, the average TSI for all indices were above 50 indicating a eutrophic condition; the
TS'TP = 56, the TS]CHL = 54 and the TSISD =53.

The elevated TP and eutrophic state of the lake is not surprising considering the small dilution
feed going to the lake in July — September (Figure 5). The data exemplify the importance of
regular dilution flow throughout the summer months.

6.4 LAKE SEDIMENT SAMPLING

Under the direction of Don Beckley, sediment samples and depths were taken from Laguna and
Wild Goose Inlets on September 21, 2006. The depth of the sediment above cobbles was
measured with a long steel rod. It was pushed into the sediment until it would stop with two
men pushing on it. The point at which it stopped was considered to be the depth of the cobbles.
The sites and depths are shown in Table 10. The samples were both taken from Laguna. The
sample taken in the Laguna channel was a silt loam; with 65% silt and 15% clay. This sample
had strong sulfide odors when it was collected implying anoxic sediments. Anoxic sediments
will increase release of phosphorus from the sediment. Phosphorus levels in the sediment were
1000 mg/kg. The sample collected at the inlet of the Laguna channel was a loamy sand which
also had about 1000 mg/kg of total phosphorus. This sample was not anoxic. Sediment analy-
sis is in Appendix 3.

6.5 CRAB CREEK SAMPLING

The United States Bureau of Reclamation initiated the supplemental feed study (WA DOE 2006)
in August 2006. Sampling of Crab Creek and Rocky Ford Creek started in August 2006 and
collected until December 2006. Supplemental flows ended December 15™, 2006.

The expected flow path for the supplemental feed water was from Brooks Lake through the
Town of Stratford and down the Crab Creek drainage into Moses Lake. There were several fal-
low fields and open ground that the water could run through so erosion, sediment, and nutrient
transport into Moses Lake was a concern. A sampling plan was initiated to monitor the impact
of the expected flows on Crab Creek and its discharge into Moses Lake. Sample locations and
descriptions are shown in Table 11.

The USBR report for the supplemental flow study has not been released. Therefore the actual
flows are not known at this time. Verbal reports are that 100 to 150 cfs of water was diverted
during the study. Figure 6 shows that flows in Crab Creek did not increase until early October.
The flow into Crab Creek increased by 20 to 40 cfs in October and November then increased
dramatically again in December. The peak December flow of 95 cfs was about 75 cfs greater
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than the seasonal average. It appears that if the supplemental flow study had continued a sig-

nificant portion of the flow would have run from Crab Creek into Moses Lake.

Table 10. Sediment sampling sites in Laguna and Wild Goose Inlets on 9/21/06.

Site _ Description __Coordinates _
1 Laguna/Pier 4 Channel - 47 6.051
119 19.717
Water Depth 3.8 ft
Probe depth (to water surface) 12 ft
Depth of sand and silt sediment 8.2 ft
One sediment sample collected ponar grad, strong sulfide smell, fine sediment and
rante OAM?
2 Laguna/Pier 4 Channel - west of dock 47 6.057
119 19.653
Water Depth 2.6
Probe depth (to water surface) 12
Depth of sand and silt sediment 9.4
No sample
3 Laguna/Pier 4 Channel - east of end of 47 6.058
dock :
119 19.601
Water Depth 3
Probe depth (to water surface) 7.6
Depth of sand and silt sediment 4.6
No sample
Laguna/Pier 4 Channel - between east
# end of dock and inlet 47 S5
119 19.54
Water Depth 3
Probe depth (to water surface) 7
Depth of sand and silt sediment 4
No sample
!_agunalPier 4 Channel - south side of 47 6.048
5 inlet
119 19.562
Water Depth 2.8
Probe depth (to water surface) 12
Depth of sand and silt sediment 9.2
One sediment sample no odor from sample, coarse
6 Wild Goose na na
: na na
Water Depth 3
Probe depth (to water surface) 6
Depth of sand and silt sediment 3
No sample, DO less than 1 mg/L
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Table 11. Crab Creek sampling locations.
ID N w

CCO  47.14160 -119.26838
CcC1 47.18964 -119.26401
CC2  47.22517 -119.27743
RF17  47.26155 -119.45596
DL-10 47.23401 -119.29666
DL-AFP 47.22470 -119.28835
DL-AFD 47.22285 -119.28063

ID Description
CCo W bank of Crab Creek, S side of Hwy. 17 bridge at

mouth
CC1 E bank of Crab Creek, S side of Rd. 7-NE bridge, at USGS gauging station
CC2 W (S) bank of Crab Creek, E side of Stratford Rd bridge
W (N) bank of Rocky Ford Creek, W side of Hwy. 17 bridge, adjacent to bridge pillar with
RF17
staff gage
Dairy Lake at Rd 10-NE, along fence line N side of Rd. 10 approx 25 ft W of cement drain
access pipe
Dairy Lake at Paved Air Force Rd to old Nike site--D/S end of culvert under
road
Dairy Lake at Dirt Air Force Rd to NE exit—no culvert, W edge of road; installed staff

gage

DL-10
DL-AFP

DL-AFD

Although flows increased significantly for the season they were not greater than peak flows that
have been measured in Crab Creek (Carroll 2006). The peak flows of 75 - 95 cfs did not result
in significant changes in water quality in Crab Creek (Table 12).

Supplemental feed flow also increased flows in Rocky Ford Creek. The flow increase was most
significant in December 2006 and January 2007 and has continued into March 2007 (Figure 7).

There are no continuous flow gages but staff gage readings were provided by USGS and USBR
for Rocky Ford Creek below the hatchery (Appendix 5).

The increased groundwater flows to Rocky Ford Creek could have one of two results; it could 1)
decrease the TP concentrations by dilution or 2) it could have no change on TP.

Concentrations of both forms of phosphorus (TP and OP) and nitrates increased significantly in
Rocky Ford Creek during October, November and December (Table 12). This appears to be a
normal trend for Rocky Ford Creek (Carroll 2006, Cusimano and Ward 1998) and cannot be di-
rectly attributed to the supplemental flow study.

The elevated TP and increased flows will result in increased loads of TP to Moses Lake. This
may be a transient condition and needs more consideration when the final report from USBR is
available.

Land surrounding a dairy on Crab Creek became flooded during November. Fields that were
regularly used for land application of dairy waste became flooded. A pond that formed was
sampled and had elevated levels of phosphorus (Table 13). The pond that was formed threat-
ened to breach a natural levee and flood Crab Creek. The pond did not breach the levee and
slowly disappeared after the study was completed. The water percolated back into the soil but
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the fate of the phosphorus is unknown. This dairy would need to be closed or moved in order to

minimize impacts of a supplemental feed route down Crab Creek.

Table 12. Crab Creek water quality results prior and during flow augmentation study by USBR.
Total Phosphorus, ug/L (ppb) | | |
Crab Creek Sampling Sites
Date CCO | CC1 | CC2 | CC3 | CC4a- | CC4- | RF17
E w
Cross | cross
8/11/06 30 28 28 26 ns ns 139
9/26/06 31 39 46 35 64 130 ns
10/13/06 | 47 32 57 ns ns ns ns
10/26/06 26 45 55 ns ns ns 174
11/2/06 31 42 44 ns ns ns 192
12/5/06 65 51 27 ns ns ns 191
Ortho Phosphorus, ug/L (ppb)
8/11/06 12 13 12 10 0 0 74
9/26/06 22 18 21 27 21 37 ns
10/13/06 24 23 20 ns ns ns ns
10/26/06 11 33 30 ns ns ns 109
11/2/06 26 35 19 ns ns ns 168
12/5/06 28 <2 2 ns ns ns 89
Total Suspended Solids, mg/L
8/11/06 8 9 12 9 1 0 22
9/26/06 <1 <1 <1 <1 <1 <1 <1
10/13/06 | <1 <1 <1 ns ns ns ns
10/26/06 <1 <1 2 ns ns ns 13
11/2/06 <1 <1 <1 ns ns ns 2
12/5/06 7 5 1 ns ns ns 20
Nitrate and Nitrite, mg/L
8/11/06 | 1.31 1.1 1.07 | 0.08 ns ns 1.34
9/26/06 | 1.33 | 0.93 | 1.16 | 0.54 1.12 0.053 ns
10/13/06 | 0.85 | 1.38 | 0.79 ns ns ns ns
10/26/06 | 0.44 | 0.74 | 0.69 ns ns ns 2.08
11/2/06 | 0.89 | 1.02 | 0.96 ns ns ns 2.17
12/5/06 | 1.93 | 1.49 | 0.95 ns ns ns 1.79
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Figure 6. Crab Creek flows during USBR flow augmentation from Brooks Lake. Flow augmenta-
tion occurred from early August to December 15th 2006.
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Figure 7. Comparions of Rocky Ford flow during supplemental feed study (2006-2007) with
previous flow records.
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7.0 GROUNDWATER

Groundwater samples were collected from monitoring wells located at the Larson Wastewater
Treatment Plant (WWTP), private domestic wells, and wells sampled by Bain (2002) (Figure 9).
WWTP monitoring wells are identified by MW-1, MW-2, MW-3, and MW-4 (MW-1 was not sam-
pled because this well is often too dry), private domestic wells are identified by the Washington
DOE six-digit well identifier, and wells and sites previously sampled by Bain (2002) are identified
by the designations G-1 through G-8. Table 14 presents more detailed information for each well
including the well identifier, depth, geologic material, and the specific parcel or address.
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Figure 8. Sampling sites on Rd 10 Dairy during flow augmentation study. Approximate flooded
area is shown (map from Google Earth).

7.1 PHOSPHORUS IN MUNICIPAL WASTEWATER EFFLUENT

Larson WWTP is located on a 34 acre site southeast of the Grant County Airport (Figure 9).
There is a long history at this site of wastewater disposal into rapid infiltration basins. In 1943,
a primary treatment plant was constructed on the site to serve the Larson Army Air Corp Base
including base housing. In the early 1970’s the city upgraded the original primary wastewater
treatment facility and constructed the current Larson WWTP (WA DOE 2001).

The WWTP serves approximately 5000 residents. Between July and December 2006 this facility
disposed of 350,000 to 400,000 gallons per day. Concentrations of phosphorus, chloride, so-
dium, and boron from the wastewater effluent are shown in Table 15. The average daily flow for
the year was 324,000 gpd.
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There is concern that phosphorus loading to groundwater from WWTP results in a net load of
phosphorus to Moses Lake. Sampling during 2006 found that groundwater from all the WWTP
monitoring wells have elevated levels of TP (Table 16). Chloride, sodium, and boron were also
all very high and at concentrations similar to those found in the wastewater.

Well MW-3 mean groundwater TP and OP concentrations are by far the highest and compare
closely to the mean Larson WWTP wastewater effluent concentrations (Tables 15 and 16): 2614
ug/L TP wastewater and 2079 ug/L TP at MW-3; 2299 ug/L OP wastewater and 1934 ug/L OP
at MW-3. This is due to the location of MW-3, which is the most down-gradient well in the main
southwest groundwater flow direction from the WWTP wastewater infiltration ponds.

Table 13. Water quality from flood pond around dairy on Road 10.

Dairy Lake at USAF Paved Rd  USAF Dirt Rd
Date RD 10 (DL- at CULVERT LEVEE (DL-
10) (DL-AFP) AFD)

Total phosphorus, ug/L

11/2/06 267 570 350

12/5/06 199 469 . 347
Ortho phosphorus, ug/L

11/2/06 247 459 73

12/5/06 106 360 146
Total Suspended Solids, mg/L

11/2/06 <1 <1 15

12/5/06 <1 < 7
Nitrate + Nitrite, mg/L ’

11/2/06 <0.15 0 <0.15

12/5/06 0 0 1
Dissolved Oxygen, mg/L

11/2/06 13.8 19.8 : 14.0

12/5/06 Ns ns ns
Temperature, °F

11/2/06 38.5 37.0 38.8

12/5/06 ns ns ns
pH

11/2/06 7.5 8.2 7.9

12/5/06 8.3 8.3 8.4

Shannon and Wilson (1989) also reported groundwater phosphorus concentrations in the moni-
toring wells in the same concentration ranges that are reported for 2006. This shows that the
soils beneath this site have been heavily loaded for more than two decades. The average con-
centration difference between the wastewater and MW-3 ground water is 535 ug/L TP. This
represents about a 20% reduction in TP. Long term use of this site for wastewater disposal and
the coarse highly permeable gravels is expected to have significantly reduced any capacity for
adsorption or precipitation. The reduction is probably due to dilution in the groundwater rather
than removal in the soil column. The estimated potential load to the groundwater during the six
month sampling was about 601 kg TP (Table 14).
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Figure 9. Wells and Groundwater Sampling Locations.

Table 14. Estimated monthly loads to groundwater from the Larson WWTP in 2006.

Monthly Avg.
Monthly Monthly Total P Con- Monthly
Total Flow Total Flow centration Total P Load

Month (2006) | (million gal) | (million L) (ug/L) (kgl
January 9.670 36.60 ns ns
February 8.844 33.48 ns ns
March 9.279 35.12 ns ns
April 9.308 35.23 ns ns
May 9.763 36.96 ns ns
June 10.155 38.44 ns ns
July 10.188 38.57 3415 132
August 10.033 37.98 3354 127
September 9.936 37.61 1995 75
Qctober 9.959 37.70 1750 66
November 10.289 38.95 1550 60
December 10.828 40.99 3440 141

Six-Month
ns - not sampled. Total (kg) 601
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72 PHOSPHORUS ANALYZED FROM DOMESTIC AND OTHER AREA WELLS

Groundwater phosphorus behavior in the Moses Lake area can be further analyzed by examin-
ing groundwater phosphorus concentrations from the domestic wells and those wells sampled
by Bain (2002). Table 18 summarizes groundwater data collected in 2006 from the domestic
wells. Specific data for wells and sites G-1 through G-8 can be found in Bain (2002). A spatial
perspective of TP and OP groundwater concentrations from these wells is displayed in Figures
10 and 11 respectively (TP concentration data only are available for sites sampled by Bain
(2002)).

Domestic wells 188714, 176520, and 446119 are shallow-depth wells (<100 ft) or are completed
in the more permeable upper flood sediments, or both. Groundwater samples show mean TP
and OP concentrations in the mid to higher ranges above background levels (>40 ug/L, Table
18, Figures 10 and 11). Well 188714 is located in the main direction of groundwater flow just
south of WWTP. The high mean groundwater TP and OP concentrations (>110 ug/L OP and
TP) may be due to proximity to the wastewater disposal site.

Table 15. Individual Well Information

Depth to Mid Geologic Material / Forma-
Well Tag or Label for Posi- Screen or Open tion of Contributing Aqui- | Well Location (Parcel
Well Identifier tive Field ID Hole (ft) fer or Address)
Mw-1* MW-1 59 Hanford/Ringold 110412005
MW-2 MW-2 70 Hanford/Ringold 190324000
MW-3 MW-3 70 Hanford/Ringold 110412005
MW-4 MW-4 71 Ringold 110412005
432727 ALE617 109 Basalt 120947000
382022 AKL565 119 Basalt 121126410
176520 ACW245 59" Gravel 122107000
370489 AHJ844 100 Sandstone, Basalt 190495000
188714 ACK712 73 Sand, Gravel, Clay 190325010
446119 APC819 119 Brown, Blue Clay 121822417
G-1 Identified from Bain, 2002 na Upper Alluvium 170516000
G-2 |dentified from Bain, 2002 na Upper Alluvium 170481000
PUD Well, Rd 7 east of
G-3 Identified from Bain, 2002 na Upper Alluvium Stratford Rd
Columbia Basin Hatch-
G-4 (Spring) Identified from Bain, 2002 na Upper Alluvium ery Spring
G-5 Identified from Bain, 2002 na Upper Alluvium 120903000
G-6 Identified from Bain, 2002 na Upper Alluvium 170611011
G-7 Identified from Bain, 2002 na Upper Alluvium Connelly Park
G-8 Identified from Bain, 2002 na Upper Alluvium 141698000
& MW-1 not sampled; well is too dry.
. Represents total well depth.
na —not currently available.
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Table 16. Concentrations of phosphorus, chloride, sodium, and boron in Larson WWTP effluent.

Total Phos- Ortho- Chloride Sodium | Boron
phorus (TP) Phosphate (Ch) (Na) (B)

(ug/l) (ug/t) (mg/L) | (mg/l) | (ug/L)
Minimum . 1340 1220 42.9 74.4 156
Maximum 4560 4090 59.1 92.2 248
Mean 2614 2299 48.4 82.9 184
Median 2680 2140 47.9 82.3 179

Standard

Dev 981 849 3.55 5.18 21.1

Domestic wells 432727, 382022, and 370489 are deeper wells (>100 ft) completed in the basalt
rock units. Groundwater from these wells contains mean TP and OP concentrations in the lower
ranges near or below background levels (<20 ug/L TP, <40 ug/L OP, Table 18, Figures 10 and

)

Table 17. 2006 Summary of Groundwater Parameters from WWTP monitoring wells.

Wells
Groundwater Parameters Mw-2 MW-3 MW-4
Total Phosphorus (ug/L) Range 80 - 210 1720 - 2660 43 - 107
Mean 135 2079 59.5
Median 133 1980 52
Number of Samples n=7 n=7 n=7
Ortho-Phosphorus (ug/L) Range 59 - 220 1520 - 2700 18- 119
Mean 120 1934 67
Median 105 1830 58
Number of Samples n=7 n=7 n=7
Sodium (mg/L) Range 14.8 - 43.3 80.6 - 94.4 30.8-34.2
Mean 24.1 89.7 31.7
Median 18.9 91.9 31.4
Number of Samples n=7 n=7 n=7
Chioride (mg/L) Range 2.4-31.2 43.4 - 49.9 8.9-11.4
Mean 11.0 46.5 9.6
Median 41 45.8 9.4
Number of Samples | = n=7 n=7 n=7
Boron (ug/L) ° Range | <2.08-78.7 | 140-194 | <2.08-23.9
Mean 26.7 165 16.8
Median 19.7 168 20.2
Number of Samples n=7 n=7 n=7
pH Range | 6.50-7.11 6.88 - 7.03 7.30-7.62
Mean 6.90 6.95 7.63
Median 7.00 6.92 7.55
Number of Samples n=6 n=6 n==6
Temperature (C) Range | 15.0- 16.0 15.9 - 19.0 11.8- 16.6
Mean 15.7 17.3 14.4
Median 15.9 17.0 14.6
Number of Samples n=6 n=6 n=6

2 Soil Test Laboratory reports <2.08 ug/L on 6-13-2006; 2.08 ug/L used in calculations.
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The groundwater flow direction in the upper aquifer (in the Hanford/Ringold deposits) from
WWTP is in a south-southwest direction toward Moses Lake (MWH, 2001). Two domestic wells
sampled are located in this flow direction from WWTP: wells 432727 and 382022 (Figure 10).
These wells are completed in the basalt. Low TP concentrations in these wells imply that phos-
phorus is not moving in to the basalt. Pitz (2003) sampled groundwater entering the lake in this
area and reported concentrations of 100 to 178 ug/L TP. Data collected to date imply that the
wastewater plume does not reach the deep aquifer and may remain more concentrated in the
upper levels of the aquifer. Additional sampling of wells in the shallow aquifer needs to be com-
pleted to quantify the phosphorus transport to the lake.

For the sites sampled by Bain (2002), Figure 10 shows sites G-2, G-4, G-5, G-7, and G-8 with
mean groundwater TP concentrations in the mid to higher ranges above background levels (>40
ug/L). The remaining wells (G-1, G-3, and G-6) show mean groundwater TP concentrations in
the lower ranges near or below background levels (<40 ug/L). Detailed depth and hydrogeologic
information for sites G-1 through G-8 was not supplied by Bain (2002) and is currently not
known at this point. However, Bain (2002) reports these wells and sites were selected to char-
acterize groundwater in the upper level alluvium.

7.3 SODIUM, CHLORIDE, BORON, PH, AND TEMPERATURE

Sodium, chloride, and boron were all measured as indicators that may help distinguish the be-
tween municipal wastewater and agricultural or natural phosphorus.

Groundwater from WWTP well MW-3 consistently shows some of the highest mean concentra-
tions of sodium, chloride, and boron (Table 16). Wells MW-2 and MW-3 are also slightly acidic
with groundwater pH values of 6.90 and 6.95 respectively, while pH values from most other area
domestic wells are in the slightly basic range (between 7.0 and 8.0, Figures 12 - 15). Infiltration
of WWTP wastewater may therefore be influencing the sodium, chloride, and boron constituents
and pH in groundwater since MW-2 and MW-3 are located at the most down-gradient points
from the infiltration ponds at WWTP.

Boron appears to be the constituent that most closely reflects the TP and OP concentration pat-
terns for the other wells (Figure 14). Most of the shallow wells and those completed in the upper
flood sediments aquifer (wells MW-2, MW-3, 188714, 446119, and 176520) have the higher
mean groundwater concentrations of boron (>23 ug/L). The exception is MW-4 (<20 ug/L), but it
should be noted this well is located most up-gradient of the WWTP infiltration ponds. Groundwa-
ter from wells completed in the deeper basalt rock (432727, 382022, and 370489) contains
lower mean boron concentrations (<23 ug/L). This pattern is very similar to the TP and OP con-
centrations for the study area wells.

Groundwater concentration patterns for sodium and chloride from other wells in the area are
less well defined with no clear pattern based on well depth or geologic formation (Figures 12
and 13): sodium concentrations are in the same range (40 — 60 mg/L) from deep wells 432727
and 382022 (>100 ft) and shallow well 176520 (59 ft). The lowest chloride concentrations (<7
mg/L) are from deep well 370489 (100 ft) and shallow well 188714 (73 ft); however, high chlo-
ride concentrations (15 — 20 mg/L) are also from deep wells 432727 and 382022. Chloride con-
centrations from the remaining area wells are in the mid to higher ranges (>7 mg/L).
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Table 18. Summary of Groundwater Parameters from Domestic Wells.

Wells
Groundwater Parameters 432727 382022 188714 370489 176520 446119

Total Phosphorus (ug/L) Range 10 19 134 - 141 16-17 85 - 89 62
Mean 10 19 138 16.5 87 62

Median 10 19 138 16.5 87 62
Number of Samples n=1 n=1 n=2 n=2 n=2 n=1
Ortho-Phosphorus (ug/L) Range 14 17 129 6 74 72
Mean 14 17 129 6 74 72

Median 14 17 129 6 74 72
Number of Samples n=1 n=1 n=1 n=1 n=1 n=1

Sodium (mg/L) Range 51.1 52.8 27.1-29.1 151 - 161 55.4 - 57.2 3341
Mean 51.1 52.8 28.1 156 56.3 33.1

Median 51.1 52.8 28.1 156 56.3 33.1
Number of Samples n=1 n=1 n=2 n=2 n=2 n=1

Chloride (mg/L) Range 16.6 17.1 49-75 0.6-2.6 11.5-12.1 7.9
Mean 16.6 17.1 6.2 1.6 11.8 7.9

Median 16.6 17.1 6.2 1.6 11.8 7.9
Number of Samples n= n=1 n=2 n=2 n=2 n=1

Boron (ug/L) Range 20.2 20.2 348-375 | 195-21.0 | 32.9-345 231
Mean 20.2 20.2 36.2 20.3 33.7 23.1

Median 20.2 20.2 36.2 20.3 - 33.7 23.1
Number of Samples n=1 n=1 n=2 n=2 n=2 n=1

pH Range 7.24 7.34 7.5 8.0 7.7 7.9

Mean 7.24 7.34 7.5 8.0 7.7 7.9

Median 7.24 7.34 7.5 8.0 7.7 7.9

Number of Samples n=1 n=1 n=1 n=1 n=1 n=1
Temperature (C) Range 11.9 13.7 11.7 14.8 12.9 12.9
Mean 11.9 13.7 11.7 14.8 12.9 12.9

Median 11.9 13.7 11.7 14.8 12.9 12.9

Number of Samples n=1 n=1 n=1 n=1 n=1 n=1

Mean groundwater temperatures are generally higher at the WWTP wells than the other wells.
However, this may be because of seasonal influence; the WWTP wells include groundwater
temperatures recorded during the summer months while temperatures for the other wells were
recorded during the fall and winter (Figure 16).

Elevated concentrations of phosphorus in shallow wells is due to greater susceptibility of these
wells to surface sources of phosphorus, particularly in the highly permeable upper soil and allu-
vial zones in the area. Higher concentrations of phosphorus (100 - 250 ug/L ortho-phosphorus)
in shallow groundwater have also been reported by Pitz (2003) in samples from two piezome-
ters installed in lake sediments on the east shore of the lake north of, and within Cascade Val-
ley. Anthropogenic sources located up-gradient of the piezometers such as municipal wastewa-
ter, leachate from septic drain fields, and leakage from sewer systems have been identified as
the primary sources of phosphorus in groundwater discharging to the lake.
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Figure 16. Groundwater Temperatures - Domestic and WWTP Monitor Wells.
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Groundwater from the deeper basalt wells contain concentrations of 10 — 19 ug/L total phospho-
rus, 6 — 17 ug/L ortho-phosphorus, both near or below background concentrations. Two of the
three deeper wells sampled are also located on the east shore of the lake in Cascade Valley,
down-gradient from the main phosphorus sources to groundwater. Phosphorus transport in
groundwater is primarily occurring in the shallow upper flood sediments (Hanford/Ringold For-
mations) that are in direct contact with the lake. :

7.4 SEPTIC SYSTEMS IN THE REGION

Residential growth in the Moses Lake has increased 12.3% in the last five years. This repre-
sents an increase of about 2000 people. A significant potion of the growth is occurring in the
Cascade Valley and on the eastern shore of Moses Lake, south of interstate 90. Both areas are
outside the City limits but inside the Urban Growth Boundary. Figure 17 shows the areas in the
Urban Growth Area (UGA) that are not currently on the City Sewer system. Currently there are
about 3,156 acres of land available for residential development in the Cascade Valley. About
917 acres of that total has 491 dwelling units with septic systems. There may be more septic
systems than this since Grant County Health District does not have systems installed prior to
1993 in their electronic data base.

These areas of that are inside the Urban Growth Boundary are zoned Urban Residential 2 (R2)
or 3 (R3). These land use designations allow for one to four dwelling units per acre for R2 or
four to eight dwelling units per acre for R3 (Grant County 1999). Total Urban Residential lots in
Cascade Valley that do not have sewer service available are approximately 3,156 acres. Cur-
rently at least 917 of the total acres have 491 septic systems. This area is developing rapidly.
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The City will annex parcels and provide sewer upon request from the owners (personal commu-
nication, Grant County Planning 2006). The loads of phosphorus from septic systems could
increase significantly as the available lakeside land is developed prior to annexation and instal-
lation of a sewer collection system.

Legend
B severed Area
0 Known Existing Seplic Systers
Unsewered Residential
Unsewered Agricultural

0 05 1 15 2Mies ‘
o e | —T._

Figure 17. Current and potential development of Cascade Valley using drain fields for disposal of
residential wastewater.
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Soils in the area are in the Ephrata and Malaga soil types. Both soils were formed in glacial out-
wash that is mixed with loess in the upper horizon and gravelly fine sandy loam below. Soils at
depths greater than 19 -23 inches vary from gravelly to extremely gravelly with permeability
greater than 20 inches per hour (USDA SCS 1978). The soil reaction pH for Ephrata and
Malaga soils is in the alkaline range with pH from 7.4 — 8.4. The soils are calcareous in the
substratum (USDA SCS 1978) '

Residential drain fields are installed two to three feet deep in the very gravelly soils. The Wash-
ington State Department of Health (WA DOH) classifies these soils a Type 1A soils. The WA
DOH guidance for deign of septic system in Type 1 A soils recommends a maximum loading
rate of 1.2 galffit®/day. This is the highest loading rate allowable in septic systems. The high
loading rate results in less reaction time with the soil and more rapid saturation of available ad-
sorption sites in the soil.

Adsorption of phosphorus in soils below the drain fields varies depending on texture (sand, silt
or clay content) and chemistry. Predicting removal is complicated due to the variable distribu-
tion of soils and non equilibrium removal processes (Harris 2002). The least effective removal of
phosphate occurs in gravelly calcareous soils (Lombardo 2006).

Phosphorous in septic system effluent can be expected to average about 8,000 ug/L TP. Ap-
proximately 20 — 30% of the phosphorus is removed in the septic tank (Lombardo 2006). A con-
servative load estimate to groundwater from septic systems in Cascade Valley can be esti-
mated. Assuming an average septic tank wastewater, the approximate load to the drain field
from 491 houses with an average of 3 people per house and 80 gpd/person is 648 kg phospho-
rus in six months (April through September). If 20% removal occurs in the drain field the load to
the ground water would be about 518 kg TP. The removal in the groundwater matrix is ex-
pected to be low due to the low iron content in soils (2-8 mg/kg soil, Dan Nelson, Soil Test Con-
sultants, Inc) and very high content of gravel in the substratum. If we assume a 10% removal in
the groundwater matrix the total load from existing septic systems (in the Grant County Health
District electronic database) is estimated to be 466 kg TP.

7.5 GROUNDWATER LOADS FROM WASTEWATER DISPOSAL

The total groundwater load reduction recommended in the TMDL is about 752 kg TP (Table 2,
Carroll 2006). The estimated six month load from the Larson Wastewater facility is 601 kg. The
estimated load from the existing septic systems is about 466 kg. The combined load from
wastewater disposal in Cascade Valley is estimated to be 1067 kg TP over a 6 month period. If
it is assumed that all this wastewater TP is able to reach the lake, then removal of TP at the
Larson Facility and installation of a sewer would result in very significant load reductions to
Moses Lake. .

The time for benefits to occur in the lake from control of wastewater TP sources depends on the
travel time in the aquifer. Estimated seepage velocity for the groundwater is 5 to 600 feet/day
(MWH 2003). The southwest flow path is about 17,307 feet; therefore, the time it takes waste-
water to reach lake may be from 9 years to as short as 30 days. Given that the wastewater has
been applied daily for more than 20 years there may be a delay in benefits due to the potentially
large reserve of phosphorus in the aquifer.
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8.0 CONCLUSIONS

8.1 LAKE WATER QUALITY

Low dilution flows from Rocky Ford Coulee in July, August, and September contributed to de-
velopment of large blooms of toxic blue green algae in the lake. Water quality was good in July,
but TP concentrations were greater than 60 ug/L in the southern end of the lake in September.
Concentrations of toxic blue green algae were in a range that the World Health Organization
considers a moderate to high risk. This condition can be expected to continue when wet win-
ters create conditions such that less water in needed in the summer for irrigation south of Moses
Lake. The USBR should be encouraged to move greater amounts of dilution water through
Moses Lake in July and August to reduce this problem. Reduction of external phosphorus load
to the lake will also reduce eutrophication problems in the lake.

8.2 GROUNDWATER

Disposal of municipal and residential wastewater appears to be a very significant source of
groundwater phosphorus entering Moses Lake. The groundwater wells immediately down gra-
dient of the wastewater disposal site have concentrations of TP, Na, Cl, and B that are similar to
the wastewater effluent. There is about a 20% reduction in concentration that appears due to
dilution from groundwater. The total estimated TP load of groundwater in 2006 that may reach
Moses Lake from residential septic systems and municipal wastewater sources is 1067 kg TP
over a six month period. The estimated load is 142% of the recommended groundwater load
reduction from the Moses Lake TMDL and about 32% of the total load recommended by WA
DOE for all of Moses Lake.

Installation of phosphorus removal technology at the Larson Wastewater Facility, a sewer col-
lection system in Cascade Valley, and/or requirements for removal of phosphorus in residential
septic systems will result in a significant load reduction to Moses Lake. Implementation of
methods to reduce phosphorus loads will improve the long term quality of Moses Lake.

9.0 RECOMMENDATIONS

Future sampling should continue to focus on sources of TP in the watershed. Evaluation re-
quires moving the sampling effort out of the lake and on to the land. Recommended actions for
2007 are:

¢ No lake sampling is recommended for 2007. In 2008 the lake should be sampled to
maintain the data base developed by MLIRD with whole lake assessment once every 5
years.

¢ Organize a one time sampling of all shallow wells completed in the upper flood deposits
and used in the TCE pollution study. WQE has been given access for a one time sam-
pling, but regular sampling on a periodic basis has not been permitted.

e These data along with modeling information from the TCE pollution control study will be
used to better identify groundwater conditions and transport through Cascade Valley
into Moses Lake.
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o Collect and integrate field and sampling data into a groundwater model to quantify the
phosphorus load from groundwater into the lake. Much of the field and geologic data re-
quired by a modeling effort is already available.

o Make an estimate of the adsorption capacities of the subsurface soils and gravels for
phosphorus. This will provide valuable model input and also help determine if ground-
water will be a long-term source of phosphorus loading to the lake.

e Complete identification of septic systems within City Limits that are not on the sewer
system and may be too close to Moses Lake.

o Identify septic systems of concern in the Crab Creek drainage

e Discuss concerns about Larson WWTP and sewers with City of Moses Lake and Grant
County.

e Encourage assistance and cooperation with development of Water Pollution Control
Plan for Moses Lake

e Pursue sources of grants to continue work and planning in the watershed.
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APPENDIX 01 — LAKE SAMPLE DATA
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soiltest farm consultants, inc.

2925 Driggs Dr., Moses Lake, Washington 98837
1-509-765-1622 1-800-764-1622 fax 1-509-765-0314

WATER QUALITY ENGINEERING SAMPLE DATE 7/26/06
PETER BURGOON DATE REC 7/26/06
103 PALOUSE STREET, SUITE 2 REPORT # 081506531
WENATCHEE, WA 98801
WATER ANALYSIS
LAB NO 531 534 535 536 537
MLCCO.1 ML3.1 ML4.1 ML5.1 ML6.1
TOTALN mg/L <0.7 1.3 <0.7 <0.7 0.7
ORTHO-P mg/L 0.034 0.017 0.004 0.005 0.018
TOTALP mg/L 0.035 0.039 0.009 0.017 0.032
LAB NO 538 541 542 543
LAB
ML7.1  ML5.5.1R ML5.5.1 ML4.3 ML5.6.2 BLK
TOTALN mg/L <0.7 <0.7 <0.7 <0.7
ORTHO-P mg/L 0.005 0.027 0.033 - <0.002
TOTALP mallL 0.015 0.041 0.061 0.020

ANALYST/QC

REVIEWED BY
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APPENDIX 02 — LARSON WWTP EFFLUENT, WWTP MONITORING WELLS, AND

GROUNDWATER DATA FOR RESIDENTIAL MONITORING WELLS
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Table A2-2. Summary of QC Parameters for Domestic Well Sampling.

Total P Ortho P Sodium Chloride Boron
10/30/2006
Lab Duplicate 13% ns 5% 15% 0%
Sample spike 3% ns 2% 13% 1%
Known standard 3% ns 3% 3% 7%
Average RPD 6% ns 3% 10% 3%
12/5/2006
Lab Duplicate 6% 2% 2% 0% 1%
Sample spike 1% 6% 0% 3% 4%
Known standard 1% 2% 2% 1% 6%
Average RPD 3% 3% 2% 1% 4%
12/21/2006
Lab Duplicate 5% 2% 3% 4% 0%
Sample spike 0% 11% 4% 8% 14%
Known standard 0% 29% 1% 1% 7%
Average RPD 2% 14% 3% 4% 7%

ns - not sampled

Table A2-3. Summary of QC Parameters for Larson Monitoring Well Sampling.

Total P Ortho P Sodium | Chloride Boron
6/13/2006 na na na na na
7/11/2006 na na . na na na
8/8/2006 na na na na na
9/12/2006
Lab Duplicate 14% 1% 3% 0% 0%
Sample spike 3% 0% 1% 4% 1%
Known standard 3% 4% 2% 3% 8%
Average RPD 6% 2% 2% 2% 3%
10/10/2006
Lab Duplicate 4% 3% 2% 0% 2%
Sample spike 2% 1% 0% 0% 1%
Known standard 4% 2% 2% 4% 12%
Average RPD 3% 2% 1% 1% 5%
11/7/2006 )
Lab Duplicate 13% 1% 5% 0% 1%
Sample-spike 3% 1% 2% 13% 1%
Known standard 3% 0% 3% 3% 7%
Average RPD 6% 1% 3% 5% 3%
12/5/2006
Lab Duplicate 6% 2% 2% 0% 1%
Sample spike 1% 6% 0% 3% 4%
Known standard 1% 2% 2% 1% 6%
Average RPD 3% 3% 2% 1% 4%

na - not available
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APPENDIX 03 — SEDIMENT DATA

WRIA 41 Lower Crab Creek 49 AN W ATER
2006 Summary of Groundwater and Lake Sampling S QUALITY
™ ENGINEERING
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APPENDIX 04 — CRAB CREEK WATER DATA

WRIA 41 Lower Crab Creek 50 AN WATER
2006 Summary of Groundwater and Lake Sampling S QUALITY
™ ENGINEERING
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APPENDIX 5. Rocky FORD FLow DATA

WRIA 41 Lower Crab Creek 51 P WATER
2006 Summary of Groundwater and Lake Sampling . ™ QUALITY
g™ ENGINEERING



Peter Burgoon

From: Roger Sonnichsen [rsonnichsen @pn.usbr.gov]
Sent: Wednesday, March 07, 2007 9:35 AM

To: peterb @waterge.com

Subject: Rocky Ford Creek Measurements

Table B-4 Rocky Ford Creek measurements made at the USGS gaging station Rocky Ford Creek
(12470500) in support of the Supplemental Feed Route Study.

Date Made By Discharge (cfs) Comment
07/07/06 US Geologic Survey 35.2
07/27/06 US Geologic Survey 45.0
09/11/06 US Geologic Survey 51.3
10/02/06 US Geologic Survey 56.4
10/23/06 US Geologic Survey 64.1
11/02/06 US Bureau Reclamation 64.0
11/13/06 US Bureau Reclamation 67.0
12/05/06 US Bureau Reclamation 74.9
12/12/06 US Geologic Survey 82.1
01/03/07 US Bureau Reclamation 81.6
01/18/07 US Bureau Reclamation 79.5
02/01/07 US Bureau Reclamation 76.1
02/12/07 US Geologic Survey 76.5
02/16/07 US Bureau Reclamation 73.5
03/01/07 US Bureau Reclamation 68.7

This message has been scanned for viruses and dangerous content by MailScanner, and is
believed to be clean.
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U.S. DEPARTMENT OF THE INTERIOR - T.S. GEOLOGICAL SURVEY ~ WATER RESQURCES

STATION NUMBER 12470500 ROCKY FORD CREEK NEAR EPHRATA,
LONGITUDE 1192640 WAD27 DRATNMAGE AREA 458
Date Processed: 2007-03-07 09:28 By basmith

Wa

SOURCE AGENCY USGS
CONTRIBUTING DRAINAGE AREA 12.00

SUMMARY OF DISCHARGE MEASURFMENT DATA

*+ DATE * MADE BY * WIDTH * ARFA * MBAN * GAGE * DISCHARGE * SHIFT * PCT.

* TIME

498 2003/08/1%

499

500

501

502

503

504

505

506

508

509

510

511

512

513

514

1430

2003/09/10
0526

2Q03/10/10
1157

2003/12/12
Q810

2004702405
1415

2004/04/15
1153

2004/06/21
1315

2004/07/10
1550

2004/08/12
1240

2004/10/14
0955

2004712714
1256

2005702701
140C

2005403703
1150

2005/04/14
¢s50

2005/05/10
11040

2005/06/06
1130

2005/08/02
1225

+

*+ YEL. * HEIGHT *

CFS

L4

ADJ .

* DIFF.

* NO.
* 9ECT.

STATE 53 COUNTY 025

* GHT.
* CHG.

*

DATUM 1068.51 WWGVD22

l"t‘*‘*l“ﬂ’.i"‘*‘l.l*‘i.b.".l.b.i..‘l?‘ﬂ‘i‘fl&l‘.'*i‘*i“‘*i‘*UW.‘W#*‘*D*%!.’II ITEIZE LR R EL L 445 2 03 E At g

* TIME * RATED *

CONTROL

ANt A ANRN A A AN hdh AR T R bR

BAS 20.5 24.3 1.3 42.9 0.00 28 0.6
BAS 19.0  23.4 2.00 46.8 0.00 28 0.6
W&
BAS 18.0 21.8 2.17 24.38 47.3 0.00 26 0.00 0.5 CLEAR ﬂmﬂ MN..\Q
BAS 19.0  18.4  2.17 24.11 39.9 0.90 28 0.00 0.6 CLEAR v \ab\h Q
BAS 18.0 15.3 2.14 32.7 0.00 27 0.00 0.5 CLEAR
BAS 17.5 15.1 2.05 24.05 30.9 0.00 28 ¢.00 0.6 CLEAR m&nuvh.\u.h
BAS 41.0 s0.7 0.40 5.21 36.2 0.00 25 0.00 0.8 CLBAR
madc & &Q.\

BAS 39.0 90.2 0.45 5.22 40.7 0.00 ap .00 0.8 ,
BAS 39.0 92.4 0.46 5.40 42.9 0.00 31 0.00 1.1
BAS 42.0 91.9 .56 5.39 51.4 0.00 25 0.00 0.9
BAS 40.0 86.3 0.41 5.11 35.4 0.00 25 0.00 0.8

REMARKS: AQUATIC GROWTH ALMOST OUT.
BAS 40.0 84.8 0.37 5.02 31.2 0.00 24 0.00 0.8

REMARKS: GROWTH OUT.
BAS 34.5 66.8 0.41 5.05 27.3 0.00 28 0.00 0.0
BAS 36.0  75.3 0.37 5.10 28.2 0.00 28 0.00 0.8
BAS 33.0 71.3 0.40 5.10 28.4 0.00 28 0.00 1.0

REMBRKS: A LITTLE GROWTH IS BEGINING BUT NO AFFECT.
BAS 47.7 95.2 0.36 5.10 34.6 0.00 29 0.00 1.0
BAS 36.5 84.2 0.50 5.17 42.0 0.00 31 0.00 1.0
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589353@524 USGS-WRD

U.S. DEPARTMENT OF THE INTERTOR

LATITUDE 471846 LONGITUDE 1192640 NAD27 DRAINAGE ARRR 458
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* DISCHARGE * SHIPF * PCT. * NO.

NO.

516

517

518

519

S20

521

522

523

525

526

© DATE * MADE BY * WIDTH * ARRA * MEAN * GAGE
* TIMB ¢+ * VEL. * HRIGHT * CFS
LR R T F T e “'l.l.!'b.#!.lk‘l*l“.ﬂ*l_‘*?‘*li..‘.l.b.

2005710704 BAS 35.4 87.2 0.54 5.19 46.7
1230 REMARKS: GROWTH ABYV X-SEC FORCED ME TO DSE %) fn

2005/12/01 BAS 36.0 83.1 0.43 5.1% 36.0
1300

2006/02/01 BAS 48 .4 98.4 0.36 5.08 35.8
1215

2006/04/04 BAS d6.7 92.0 0.29 5.08 26.7
1240

2006706405 BAS 48.5 98.6 0.35 5.1¢ 34.9
1200

2006/07/07 NFE/BAS 45.0 92.8 . 0.38 5.18 35.2
1000

2006/07/27 BAS 47.9 99.8 0.45 5.18 45.0
1140

2006/09/11 BAS/PP ¢g.2 107 0.48 5.36 51.3
1024

2006/10/02 BAS 45.7 103 0.55 5.29 56.4
1140

2006/10/23 BAS 48.4 107 0.60 5.27 64.1
1200

2006/12/12 BAS 49.90 107 0.77 5.35 82.1
1230 REMARKS: All the growth is gone.

2007/02/12 Bas 48.3 107 0.72 5.30 76.5
1525

Date Processed: 2007

SUMMARY OF DISCHARGE MEASUREMENT DATA

0.00 30
6 AND .8 SETTINGS FOR 8

31

23

28

27

28

30

27

29

30

29

SCURCE AGENCY USGS
CONTRYBUTING
~03-07 08:28 By hasmieh

= U.S. GEQLOGICAL, SURVEY - WATER RESOURCES

STATION NUMBER 12470500 ROCKY FORD CRBEK NEAR EPHRATA, WA
DRAINAGE AREA 12.00

STATE 53 COUNTY 025
BATUM 106B.SL1

0.00 1.2
EVERAL SETTINGS.
0.00 L.2
¢.00 1.0
0.00 0.7
0.00 1.0
0.c0 0.0
0.00 1.1
0.90 1.0
.00 1.1
0.00 1.2
0.00 1.0
0.00 0.8

NGVD295

CLBAR



