APPENDIX 6
Water Quality Data
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1. Objectives

Coho salmon are being reintroduced into the Wenatchee and Methow watersheds by the Yakama
Nation. Pre-smolts are proposed to be trucked to the upper areas of the watersheds for
acclimation and release. Some sites will operate as spring time only facilities, with fish being
reared from mid-March through April. Some sites will function as over-winter facilities from
early November through April. Rearing will result in the release of some nutrients from these
sites and project operation will require environmental evaluations and permits.

The main purpose of the water quality data collection effort is to develop the baseline values and
active site impact data necessary to make predictions about how planned salmon acclimation and
rearing facilities may affect receiving water quality.

Water quality data was collected in the Wenatchee basin throughout 2009. Nason Creek, a
tributary of the Wenatchee was an important sampling target. Several currently active
acclimation sites exist on Nason Creek and actual operational impacts were monitored there.

The draft Wenatchee River Watershed Dissolved Oxygen and pH Total Maximum Daily Load
(Carroll and Anderson, 2009) produced by WDOE recommends that reductions in Wenatchee
phosphorus loading occur to achieve water quality standards. The focus of this water quality
data collection effort was, as a result, on pH, dissolved oxygen and phosphorus, with other
parameters also being monitored to support various impact evaluation objectives.

1.1. Nason Creek

Phosphorous (P) concentrations and loads entering and leaving the acclimation ponds on Nason
Creek were intensively monitored. P measurements were also made in Nason Creek just
upstream and just downstream of the mouths of the creeks supplying water to the ponds and at
locations farther downstream of the acclimation sites.

Another data collection objective was to measure any possible changes to DO and pH values in
Nason Creek while fish were being acclimated. These parameters were measured at the
acclimation study sites and at other locations in Nason Creek.

1.2. Wenatchee Basin
Along with the intensive Nason Creek data collection, other locations in the Wenatchee basin
were also sampled. The objectives for the Wenatchee basin data included:

e To support the evaluation of impacts in the lower subbasin

e To develop baseline water quality information about receiving waters at proposed
acclimation sites

e To check the Total Phosphorous (TP) mass balance in the upper Wenatchee to help better
understand the dynamics of nutrients in the watershed

e To support the evaluation of general stream nutrient conditions.



2. Active Study Site Descriptions
2.1. Fish Stocking Details

The Rohlfing and Butcher coho acclimation ponds (see photos below) were in operation the
spring of 2009 and 2010. This provided the opportunity to measure changes in water quality at
functioning sites and in the Nason Creek receiving waters. A third acclimation site, Coulter, is
located between Butcher and Rohlfing, and was also operated during the water quality study. It
was not specifically targeted for direct water quality measurement.

2009 stocking details for Rohlfing:
e Fish delivery date: 3/10/09
e Number of fish released: 101,300
e Size at release: 16.2 fish/Ib
e Total weight released: 6,250 Ibs
e Start of exit migration (date barrier nets pulled): 5/6/09
2009 stocking details for Butcher:
e Fish delivery date: 3/10/09
e Number of fish released: 136,700
e Size at release: 16.7 fish/Ib
e Total weight released: 8,190 Ibs
e Start of exit migration (date barrier nets pulled): 5/7/09
2009 stocking details for Coulter:
e Fish delivery date: 4/15/09
Number of fish released: 75,000
Size at release: 16.7 fish/Ib
Total weight released: 4,490 Ibs
Start of exit migration (date barrier nets pulled): 5/6/09

In February, 2010, prior to acclimation, the Rohlfing pond was excavated and expanded. The
pond was divided by a barrier net after the work was completed. Coho were acclimated on one
side of the net and a small number of steelhead on the other.

2010 coho stocking details for Rohlfing:

e Fish delivery date: 3/22/10

e Number of fish released: 85,700

e Size at release: 16.7 fish/Ib

e Total weight released: 5,130 Ibs

e Start of exit migration (date barrier nets pulled): 5/7/10
2010 steelhead stocking details for Rohlfing:

e Fish delivery date: 3/25/10

e Number of fish released: 10,300

e Size at release: 7.4 fish/Ib

e Total weight released: 1,390 Ibs

e Start of exit migration (date barrier nets pulled): 4/22/10
2010 stocking details for Butcher:

e Fish delivery date: 3/24/10

e Number of fish released: 144,600



e Size at release: 15.7 fish/Ib
e Total weight released: 9,190 Ibs
e Start of exit migration (date barrier nets pulled): 5/7/10
2010 stocking details for Coulter:
e Fish delivery date: 5/6/10
Number of fish released: 68,200
Size at release: 17.3 fish/Ib
Total weight released: 3,930 Ibs
Start of exit migration (date barrier nets pulled): 5/7/10

Figure 2-2. Butcher Coho Acclimation Pond



2.2. Flow Dependent Parameters

Changes in the concentrations of water quality parameters are impacted by several parameters
including fish biomass, the quantity of water flowing through the rearing system and the physical
dimensions of the pond. The last two factors control the length of time required for the ponds to
flush. A preliminary review of two flow dependent parameters are presented here as a precursor
for water quality evaluations. A more detailed evaluation is provided in Appendix 7.

2.2.1. Flow Density

A rough approximation of relative fish biological loading is provided by flow density values, the
mass of fish divided by the water flow rate. Flow density is an inexact measure of fish metabolic
rates; water temperature and feed rates are other important variables. Nevertheless, it provides a
useful relative measure when comparing sites with similar temperatures and feeding regimes. A
comparison of fish flow densities for Rohlfing and Butcher in 2009 showed that Butcher had
60% higher flow density on average during the 2009 acclimation season.

Rohlfing
Fish weight (lbs)
Density (Ibs/gpm)
Butcher
Fish weight (lbs)

Figure 2-3. Fish Loading — Flow Density

2.2.2. Pond Retention Time

Pond retention time is another parameter that may impact discharge water quality. Retention
time is calculated by dividing the pond volume by the volumetric flow rate. It is a measure of
the average time taken for water to pass through the pond. High retention time means low
relative water velocities and that fish wastes have more opportunity to settle to the pond bottom.
Pond nutrient assimilative capacity is presumably greater and discharge loads lower with higher
retention times. The retention times for the study sites at the end of 2009 acclimation are shown
in the table below.

Pond volume Flow Retention Time
(cft) (cfs) (hrs)
Rohlfing 15,000 3.8 1.1
Butcher 73,000 3.9 5.2

Figure 2-4. Pond Retention Time

The full retention time of the pond is not effective for settling wastes if the fish stay at the
downstream end of the pond. This was the case at Butcher, fish were fed and the best habitat
was near the pond exit.

Settled solids generated by fish are annually covered by material that is carried into the ponds
with the inflow. These are deposited on the pond bottoms due to a slowdown in flows through
the ponds. The suspended solids loading in the form of gravel, sand, and silt peak during spring
snowmelt period, which occurs during and after coho have migrated. Rohlfing has more



deposited material than Butcher, with several inches per year being added to the pond bottom.
Periodic excavation and land disposal of accumulated silt, sand, and gravel is planned at
Rohlfing.

The Rohlfing pond was excavated and expanded in 2010 to increase volume to 20,000 cft.

3. Data Collection Procedures
3.1. Methods

Collections for laboratory analysis were grab samples taken just below the water surface from
the main body of flow by using an extension rod from the streambank. Sample bottles were
provided by AM Test, the accredited lab that performed the measurements. Each P bottle
contained ¥2 mg of a sulfuric acid solution, giving the sample a 28 day period over which
accuracy is maintained.

EPA approved methods were used during the laboratory measurement process, which included:

Chlaraphyll a S SK1002G
Dissolved Organic Carbon EFPA415 1
Ammaonia Mitrogen EPA350.1
Mitrate/Mitrite EPAGE3.2
Mitrogen -Taotal Persulfate OsU CCal3da
COrthophosphate EPA3ES 2
Phosphorus, total low-level Sa500-F
Total Crganic Carbon EPA415.1

Figure 3-1. Measurement Methods

Phosphorous samples were field replicated. Two collection bottles were filled from the same
location at the same time for all P samples.

Temperature, DO, pH, and conductivity field measurements were taken with Hydrolab® Data
Sonde multi-meters at the same time and location that laboratory samples were collected. The
Hydrolab sondes were maintained and calibrated at the Yakama Nation Peshastin field office.
Calibrations were performed before and after each sampling period and used Hydrolab
recommended procedures and traceable calibration standards.

Sampling was done with a two person team and was completed over a 1 or 2 day period. All
Nason Creek samples were taken on a single day. Most collections occurred between 1PM and
6PM on the first day and 10AM and 1PM on the second day. Samples were delivered to AM
Test within 5 days of collection.

Flow measurements were taken at the Butcher and Rohlfing sites. Staff gauges were installed in
the creeks supplying water to the ponds and flow volume measurements were taken periodically
to develop a stage/discharge relationship. Other flow data in the watershed was taken from
USGS and WDOE stream gauging stations.

Periphyton sampling methods and results are discussed in Appendix 7.

3.2. Locations

A total of 22 sites were sampled, with 11 of those being in Nason Creek. The sample site names
and general location descriptions are shown in the table below.



Active, Test sites - Intensive P otudy

Fohling 1 L Fohling Creak, incoming water o the acclimation pond
Rohlfing 2 ROZ Fohfing Creek, oulgeing water from the acclimation pond
Rohlfing 3 RO3 Nason Creek, upsiream of the mouth of Ronlting
Huhlhng 4 S{8 T Nason Creek, downsiream of the mouth of Rohlfing
Butcher 1 BUT Bulcher Creek, incoming waler o the acclimation pond
Butcher £ BU Butcher Creek, outgoing water from the acclimation pond
Butcher 3 ella MNason Lreek, upstream of the mouth of Butcher
Bulcher 4 BU4 Mason Creek, downsiream of the moulh of Bulcher

Mason Lreek - Intensive F Study, DU and p

study

Boyce BO3 Nason, upstream of BU3
Mason, Coles Corner MCC Mason, between Bulcher and the mauth
Touth of Nasan MINA Mason, near the mauth
[Ofher Sites - F Baseline Dala
Tall Timber TA4 Napeequa, near the mouth
Mclomas 3 (7 [} White, at the highway bridge
McComas 4 MC4 White, downstream of the proposed McComas discharge
Chikamin/Winnow L4 Chikamin, near the mouth
Clear CLT Clear, upsiream of the acclimation pond
Chumstick CH4 Chumstick, at the highway bridge
Liryden L4 Wenatchea, upstream of Uryden Uam
Wen. Basin - F mass balance
Wouth of Citile Wenalchee MLI Litfle Wenaichee, al the Two Rivers Gravel mine
WMoulh of Chiwawa MLHI Lhiwawa, at the highway bridge
Moulh of Lake Wen. MLA Wenalchee, al the highway bridge
Wen. above Icicle WL Wenatchee, at the highway bridge
eneral stream Nutrient Study
White - McComas MC4 White, downsiream of the proposed McComas discharge
Nason - Butcher B4 Nason Creek, downsiream of ihe mouth of Bulcher
Uryden - Wenalchee U4 Wenatchee, upstream of Uryden Dam

24 Hr Nason DD and pH

Mason Trap Site

MNear mouth of Nason Creek, close 1o the screw rap

Figure 3-2. Sample Site Names

Sample locations in the Wenatchee basin are shown in the maps below.
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Figure 3-3. Wenatchee Sample Sites 1
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The Nason Creek active study site locations are shown in the aerials below.
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Figure 3-7. Butcher Sample Locations

3.3. Schedule

Water quality data was collected through all of 2009 and through the 2010 acclimation season.



Measurements made at higher frequencies during the spring acclimation periods (March-April).
The full sampling schedule for is shown in the table below, with locations and numbers of
samples collected.

@@ | @ @@ | @ @ @ | = ﬁ g ﬁ o|w|le|w|=
E%%EEE%EEE%Eﬂﬂgﬁﬁ?_EEEﬁ
ZIR|GEIZIFIFISIEIGIEIRIGIZIZIZINISIFISIS|E|S
Mason Creak
Rahlfing 1,234 5 & B & B & B & B 5 8 8 B 4 B B B B B 4 B 168
Butcher 1,2.3,4 B B B B B B B B B B 4 B B B B B 1M1 B 175
Boyoe (upstream) 2|2 2|2 2|2 22 2 2. 2 2 2 1 2 2 2 2 2 27 a9
Mauth of Nason 2 2 2 2 2l2/2/ 2 1/ 22 2/ 2 2127w
Mason, Coles Corner 2 2 2 2 212 22 12 22 2 2 1 2 i 30
Other Acclimation Siles
McComas 3.4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 3 2 F &
Tall Timbar 2 2 2 2 2 2 2 2 2 T
Clear 2 2 2 2 2 2 2 2 2 2 2
Chumslick 2 2 2 2 2 2 2 2 27 18
Drydan 2 2 2 2 2 2 2 2 22 2 2 2 2 2 2 2 2 2 2 27 42
Brendar 222 27 8
Wenalchee Basin
Mauth of Liltle Weanatchea 2 1 2,2 2 2 2 2 1 2 F 2.
Mauth of Chiwawa 2 2 2 2 2 2 2 2 2 2 2F 2
Mauth of Laka Wen. 2 2 2 2.2 2 2 F s
Wan. above lcicla 2 2 2 2 2 2 2 2 2 2 2 2 21 2 2 2 2 2 27 39
Total TP samplas 26 30 34| 32|36 26 25 38|32 38 40 42 363615 32|32 323z az/3z a2 " Tz
General Stream MNutrient Study
While: - McComas Ty 7 8 & 1] 5 8B B 8 8 5 8B B 8 8 8" 126
Mason - Butcher T 7T 8 & 1] 5 8B B 8 &8 B B B 8 B 8 B 134
Dryden - Wenatchea Ty 7 8 & 1] 5 8B B 8 8 5 8B B 8 8 8" 126
Total water guality samples 2121 24 24 0 0 0 24 0 24 24 24 24 24 0 24 24 24 24 24 24 24 386

Figure 3-8. Data Collection Schedule

3.4. Quality Control

Quality objectives conform to those listed in the Wenatchee River Basin Dissolved Oxygen, pH,
and Phosphorus Total Maximum Daily Load (TMDL) Study (Carroll et al, 2006), Table 5.
Obijectives for the parameters important to this plan are:

Accuracy |Bepeatabilily |Bias Reporting limit
Total Phosphorus +25% <10% 5% 2 Ko
Crthophosphate +25% <10% 5% 3 o/l
Mitrate-Mitrite Mitrogen  [+25% <10% 5% 10 pg/l
Ammania Mitrogen *25% <10% 5% 10 pg/l
Disolved Dxyaen 5% 1 ma/l
pH 2 sl 135U
Temparature 02 ¢

Figure 3-9. Data Quality Objectives

Accuracy and bias are expressed as deviations from true values and repeatability as the standard
deviation (SD) of the data set. Values above 0.001 mg/l for phosphorous are reported in this
study. Values below the 0.001 detection limit are listed at 0.0005 mg/I.

Laboratory data was generated according to QA/QC procedures described in testing lab
10



documents. Quality Control results were provided by the lab for each sampling survey.

Several Hydrolab datasondes were used for measuring DO, pH, temperature, and conductivity.
The MS5 minisonde and DS5 sondes employed have the same specifications (see Section 5.4).

4. \Wenatchee Basin Water Data
4.1. Flows
4.1.1. Nason Creek

cfs)

7170 rmar Mouth

1309 o

Figure 4-1. Nason Flow

4.1.2. Active Study Sites

Rohlfing and Butcher flows showed the typical snow-melt surge in the spring, while fish were
being acclimated. Butcher baseline winter flows were slightly higher and the flow increase

happened later than at Rohlfing.

127307049

11



Rohlfing Flow
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Figure 4-2. Rohlfing and Butcher Flows

The discharge from the ponds was diluted by large amounts after entering Nason Creek. The
table below shows the ratio of pond discharge flow to Nason Creek receiving water flow during
2009 acclimation season.

314 4f5 412 419 4126 a3 a7 Average
Rohlfing 0.4B8% 0.423% 0.77% 0.63% 0.46% 0.39% 0.30% 0.49%
Butcher 0.59% 0.52% 0.36% 0.29% 0.28% 0.31% 0.31% 0.38%

Figure 4-3. Dilution Ratio

12



4.1.3. Wenatchee River
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Figure 4-4. 2009 Wenatchee Flow
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4.2. Active Study Sites

4.2.1. 2009 Water Quality Data

Anomalous valuas

TP balow datection reparbed at 0.0005

Period
41908 42608 SADE S804

Mason - Hohiing 1T0E | 2400 | HN408 0 4508 41206 BTG TEE0S AW UNIONE 1208 1202006 M50 Urnis
HE
R Total P Q.00t 00l 0.00a 0002 O] 00190 G006 [EREiT) 0,004 0005 0019 G000 0.003 0.010 [Ri[n) | 0.0 ﬁ
Tatal P d.0ot 001 0.005 0001 L] 0.008 0.007 0.0 D00z 0.00 0.005 0.007 0.00 0001 0.0 g
MG a.aot 0uaod 0.008 Q.aoz D.DoT 0.0049 0.006 0,007 0.090 D004 0.020 0.005 0,008 0.010 0uao 0.0 g
Dirtha P .00 0.0 0udo 0.0
Cirthg P 0,004 0.001 [eXili) | 0032
Tatal Dis. P 0008 0007 0002 0.0M
Tatal Dis. P D006 0007 0002 0.0
£ Tamp 24 26 26 35 34 4.3 45 6.0 7.0 B9 1.8 65 54 1600 G
§ pH 6.5 [ B.5 6.5 5.5 6.6 BE& 6.5 [-¥ 7.0 52 5630  LUnig
Spland 570 43.0 63.8 113.0 508 §2.0 8.0 30.0 1015 218.000 | pSdem
Z Twh
] LOCr 13.2 127 12.4 12.2 12.0 121 122 12.5 10.8 12.3 105 10.4 11.4 153460 mgh
E LI, sat 144 145 F-] 122 125 LR T8 1.4 1. B
ROz To@El b [ L T ) a0 g T i TG T T Ten | nofow | OO06G Mot GO T rr:ﬁ_
Total P 0001 GO00F  000E 0004 DU 0,007 007 ooz 0001 002 nofow 0006 0002 000 000 mgh
AN a0t | 0006 0003 0006 0016 .00 a.01 04T oon? D002 002 0000 0006 | 0006 0009 0OMH  mgh
Oirhg P ki a.om [EXilng | 000
Ditha P 0,004 0.001 0001 D033
Talal Dis. P 0,003 0.00 [EXiln) | 0.0
= Talal Dis. P 0005 0.005 [ELi{n) | 0.0
E Temp 28 23 2.5 ia i4 4.5 4.4 ] 7.0 Gl 6R 64 450 O
5 pH .5 CE] B4 64 57 87 £ 6.5 (1 52 5620 Lnits
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Figure 4-5. Active Site Water Quality







4.2.2. 2010 Water Quality Data
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4.2.3. 2009 Total Phosphorous
The figures below show TP data for the Rohlfing and Butcher ponds through the full 2009 year.
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Figure 4-6. 2009 Rohlfing TP
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4.2.4. 2010 Total Phosphorous

The figures below show TP data for the Rohlfing and Butcher ponds during the 2010 acclimation
season.
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4.2.5. 2009 DO, pH, and Temperature

Other parameters measured with the Hydrolab sondes are plotted below.
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Figure 4-10. Rohlfing DO, pH, and Temperature
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Figure 4-11. 2009 Butcher DO, pH, and Temperature




4.2.6. 2010 DO, pH, and Temperature
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Figure 4-13. 2010 Butcher DO, pH, and Temperature




4.2.7. 24 Hour Test Data

On 5/5/2010 and 5/6/2010 a Hydrolab sonde was moved between the 4 Butcher Creek sites,
BU1, BU2, BU3, and BU4. Sample bottles were also filled at the time sonde measurements
were recorded. Measurements were made every 2 hours over a 24 hour period, except for a gap
between 23:30 and 05:30. Fish were released from the site on 5/7/10.
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4.3. Other Basin Sites
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Figure 4-15. Water Quality at Other Sample Locations




4.4. Upper Wenatchee Basin TP Load

The figure below shows the 2009 phosphorous load at the WIC site, just upstream of the mouth
of the Icicle and the town of Leavenworth. The TMDL defines “upstream load” as the
Wenatchee River load above the confluence with the Icicle. Loads are calculated by multiplying
TP concentration times the river flow rate.

The current TP upstream load estimate in the TMDL is 1.24 kg/day and the target load is 0.93
kg/day. The loads measured in this study were much higher than these values with the lowest
load measured on 3/15/09 at 4.8 kg/day.
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Figure 4-16. Upstream TP Loads

4.5. Detailed Water Quality Sites

A larger suite of water quality parameters were monitored periodically at 3 selected sites, one
each on Nason Creek, White River, and the Wenatchee River respectively.
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Figure 4-17. Other Water Quality Data
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5. Data Accuracy Analysis

Due to the importance of phosphorous, most of the following error analysis is focused on that
parameter. Data is available that would allow detailed analysis of error for the other water
quality properties measured as well.

The following error estimates were made using 2009 data only.

5.1. Detection Limits

The following detection limits for the laboratory measured parameters were provided by AM
Test. They refer to the Method Detection Limits (MDL) that the EPA defines as “the minimum
concentration that can be determined with 99% confidence that the true concentration is greater
than zero.”

Chlorophyll a SM 0.03 mg/m3
Pheophytin 0.03 mg/m3
Total Suspended Solids 1.0 mg/l
BOD-low 2.00 mg/l
Dissolved Organic Garbon 0.50 mg/
Ammonia Nitrogen 0.005 mg/l
Mitrate/Nitrite 0.01 mg/l
Nitrogen -Total Persulfate 0.01 ma/l
Orthophosphate 0.001 ma/l
Total Phosphorous 0.001 mgf
Total Dissaolved Phosphorous 0.001 mg/l
Total Organic Carbon 1.0 mg!l

Figure 5-1. Detection Limits

Phosphorous measurements were made at levels close to the detection limits of the
instrumentation, 0.001 mg/l for orthophosphate, total dissolved phosphorous, and total
phosphorous. Most of the TP measurement made in January and February were below this limit
and the average TP value for all samples was 0.01 mg/I.

5.2. TP Repeatability

Three different repeatability (precision) error estimates were made. One used duplicated
measurements of the same samples in the laboratory; another used duplicate field samples
collected at the same location, and the third used samples collected in close proximity.

1). For each two day collection period, AM Test pulled every 10" sample and repeated the
measurement. This data set consisted of 64 duplicates. The standard deviation of the difference
between the two measurements for this data set was 0.001 mg/l or 2.6% of the average measured
value.

2). The duplicate TP samples collected in the field provide a large data set for estimating
repeatability. The figure below shows the average standard deviation of the differences between
the two samples collected at each site.
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Figure 5-2. TP Repeatability, Field Samples

The average of all TP measurement taken was 0.011 mg/I for this data set of 480 values. The
average standard deviation for all the sites of 0.0024 mg/l is 28% of this value, higher than the
accuracy data quality objective for P (see section 3.4). The impact evaluation uses TP values at
each site that are the average of the two measurements taken in order to reduce error.

3). Another repeatability estimate can be made by comparing samples taken nearly
simultaneously at separate collection sites located in close proximity and where there is no
obvious nutrient source or sink between them. A pair of sites on Nason Creek, BO3 and BU4
(separated by 200 meter), and a pair on the White River, MC3 and MC4 (separated by 190
meters), meet these conditions. Neither pair have any incoming tributaries between the sample
sites. The standard deviation of the differences between the pairs of TP values (a data set of 100
measurements) at these two locations was 0.0038 mg/l and the average measured value was
0.010 mg/l. The error ratio was then 38%. This large value indicates that there is high instream
TP variation within relatively short distances and sampling intervals.

5.3. TP Measurement Accuracy

Estimates of other components of total error were also made. The accuracy of the AM Test
laboratory measurements was estimated by comparing them to standard references and to blank
samples. References before 4/11/09 had true values of between 0.010 and 0.230 mg/l. After that
date, all comparisons were made at 0.100 mg/l. References meet National Environmental
Laboratory Accreditation Conference standards and can be traced to National Institute of
Standards and Technology reference materials.

The standard reference comparison for TP produced a data set of 68 values. The standard
deviation of the difference between the reference and the measured value was 0.0034 mg/l which
is 3.5% of the reference value. This accuracy estimate is well below the objective of 25%.
However, this estimate was made at TP values that were much higher than the field samples and
it is expected that accuracy is lower closer to the resolution limit of the TP measurement method.

Comparisons with blank values (de-ionized water) were also made. The average blank value
measured was below the detection limit of the instrumentation, 0.001 mg/I.

31



5.4. DO and pH Error

The Hydrolab sonde DO and pH parameters were calibrated prior to use on day 1 and after use
on day 2. The comparison between these values is shown in the table below. Both DO and pH
generally drifted higher. The standard deviation for DO was 3.8% and for pH, 0.21 units.
Collected data was not corrected based on the pre and post calibrations. pH data for 4/19/09 and
10/30/09 was not used in the accuracy analysis or in the impact evaluations due to the large shift
shown by post-calibration which occurred at some point in the sensor output.

Date LDO Before LDO After Difference pH Before pH After Difference
2/13/09 100.0% 101.5% 1.46%: 7.06 713 0.07
2/22/09 100.0% 99.5% -0.50%

3/21/09 100.0% 98.2% -1.80% 718 7.04 -0.14
4/4/09 100.0% 101.2% 1.20% 6.98 7.04 0.08
4/11/09 100.0% 95.6% -4.40% 6.98 B.6 -0.38
4/19/09 100.0% 108.5% 8.50% 6.98 8.46
4/25/26 100.0% 105.2% 5.20% 6.98 7.23 0.25
5/2/09 100.0% 100.2% 0.20% 6.98 7.18 0.2
5/9/09 100.0% 102.2% 2.20% 6.98 7.14 016
7/25/09 100.0% 106.9% 6.90%: 7.01 7.22 0.21
B/9/09 100.0% 98.0% -2.00% 7.04 6.89 -0.15
10/30/09 100.0% 102.2% 2.20% 7.01 7.89
Average 1.6% 0.03
Stnd Dev 3.8% 0.21

Figure 5-3. Hydrolab Sonde Calibrations
All the Hydrolab sondes used had Luminescent Dissolved Oxygen technology (LDO) sensors.
The manufacturer specifications are:

Accuracy: +/- 0.2 mg/L

Resolution:  0.01 mg/L

The pH sensors were KCI impregnated glass bulbs with a refillable reference electrode.
Manufacturer specifications are:

Accuracy: +/- 0.2 units
Resolution:  0.01 units

5.5. General Error Discussion

Overall measurement accuracy will be a function of error introduced by the field collection
methods and by the instrumentation used.

Data collection methods were designed to minimize error but it could have been introduced
through several possible mechanisms. A significant error source for phosphorous and possibly
other parameters, may be a result of spatial variations in concentrations, flow or other
characteristics within the stream and temporal variations in sample collection. This is evidenced
by the large differences (38% SD) in TP measurements made at the two sets of collection sites
that were close together.

Any estimate of total instrumentation measurement accuracy would need to include several
different sources and types of error. Calibration, precision, detection limits, and drift would need
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to be accounted for. Several of the error terms are interdependent and estimating values for
overall accuracy would be complex. Also, some of the error terms are less critical for important
parts of the effort to predict impacts due to acclimation. For instance, calibration and precision
errors are largely eliminated when differences between measurements made by the same
instruments are used in the evaluation.

Total error for LDO was assumed to be the root mean square (RMS) of the manufacturers
reported accuracy and the standard deviation of the pre and post calibrated values, +/- 0.56 mg/I.
Total pH error used the same assumptions, resulting in an estimated total error value of +/- 0.29
units.

Total phosphorous accuracy was assumed to be +/- 38%, the highest of the errors discussed in
the sections above. The RMS of all the error terms was not used because the measurement
differences between values collected at sites in proximity include most of the other important
sources of error.
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1 SUMMARY

The proposed coho salmon (coho) restoration activities within the Wenatchee and Methow
subbasins pose a negligible impact on surface water quality. In the Wenatchee subbasin, the
results of mechanistic modeling indicated that, even under the conservative assumptions
applied, the proposed activity is expected to have a negligible impact on the water quality of
the Wenatchee River. Indeed, in most instances the measured and predicted impacts were
within the range of natural variability or the measurement error of targeted water quality
standards. In the Methow subbasin, the assessment of basin-wide impacts of acclimation
activity also led to the conclusion that acclimation activity is likely to have a negligible
impact on water quality.

The assessment in the Wenatchee subbasin was based on extensive site-specific data analysis
and mechanistic water quality modeling of actual and potential discharges and included an
evaluation of the cumulative impacts of the proposed acclimation and rearing sites. Impact
in the Methow subbasin was assessed by evaluating the total phosphorus (TP) loading
estimates for the proposed sites from the context of Methow subbasin characteristics and also
by comparison to the impacts estimated for the Wenatchee subbasin.

Water quality data collected through 2009 and 2010 at select locations of proposed and
existing acclimation sites within the Wenatchee subbasin formed the basis for the analysis
presented herein. Water quality data, collected in the vicinity of active acclimation sites,
provided direct measurement of the impacts of ongoing acclimation activity that established
acclimation-activity-related nutrient loading rates (total phosphorus load per fish) to the
receiving stream. This estimate was then used in the assessment of impacts in the vicinity of
the proposed sites in the Wenatchee and Methow subbasins, based on the number of fish
proposed for acclimation at each site.

Analysis of dissolved oxygen (DO), pH (negative logarithm of the proton concentration), TP,
and temperature data collected upstream and downstream of active acclimation sites in
Nason Creek in the Wenatchee subbasin suggested that ongoing acclimation activity has a
negligible impact on the receiving stream.

Basin-wide impact of the acclimation and rearing sites was estimated for the Wenatchee
subbasin through mechanistic water quality modeling. The QUAL-2K model developed by
Washington State Department of Ecology (WDOE) for TP load allocations in the Wenatchee
subbasin (Carroll et al. 2006; Carroll and Anderson 2009) was adapted for this basin-wide
impact assessment. Several conservative assumptions were made in the mechanistic model
application to provide an upper bound estimate of the impact of the site activity on nutrient
loading to the Wenatchee River. The results of mechanistic modeling indicated that the
proposed activity is expected to have a negligible impact on the water quality of the
Wenatchee River. Model predictions indicated that contraventions in DO and pH standards
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are unlikely even when the Wenatchee River receives maximum allocated loads (as specified
in the WDOE Total Maximum Daily Load [TMDL], Carroll and Anderson 2009) from
publicly owned treatment works and other point and distributed sources.

It is concluded that the cumulative impact of the proposed coho restoration activities on the
Wenatchee subbasin water quality is expected to be negligible because:

1. The nutrient load is negligible. The maximum total addition of phosphorous due to
the project, at peak production levels, is estimated to be 0.38 kilogram per day during
the acclimation period, which is about 1% of average Wenatchee River load when
acclimation activity is ongoing.

2. Despite the conservative modeling assumptions used, impacts to DO and pH due to
upstream acclimation are estimated to be negligible in the TMDL domain (the lower
Wenatchee River downstream of the city of Leavenworth).

3. Lower water temperatures during the acclimation period limit in-stream biological
activity.

4. An analysis of travel times suggests that the residence times of any nutrients
discharged to the system would be small during spring high flows that are prevalent
when feed rates are highest. Most of the loads are expected to be removed during
spring high flows and impacts are not expected later in the year including the summer
low flow period.

5. In-stream data collected from the Wenatchee subbasin showed that most of the
phosphorous being discharged is not in a readily bio-available form. Even the travel
times calculated under low flow conditions was not expected to provide a sufficiently
long residence of the total phosphorus loading in the system thereby keeping it
largely unavailable for biological uptake during transport through the subbasin.

Basin-wide impact of acclimation activity within the Methow subbasin was assessed by
comparing the TP loading estimates for the proposed sites to the basin-wide TP loads
calculated from historical data collected in the basin. The similarity in the characteristics of
the two basins, combined with the assessments derived from mechanistic modeling of the
basin-wide impacts for the Wenatchee subbasin, led to the conclusion that the basin-wide
impacts within the Methow subbasin are also likely to have a negligible impact on water
quality.

2 INTRODUCTION AND DISCHARGE EVALUATION OBIJECTIVES

Discharges from proposed coho salmon (coho) acclimation sites in the Wenatchee and
Methow subbasins may contain nutrients (phosphorus and nitrogen) at levels that promote
algal growth. Algal photosynthesis and respiration cycles results in diurnal pH (negative
logarithm of the proton concentration) and Dissolved Oxygen (DO) swings and can induce
changes in pH and DO beyond the ranges found under natural conditions. Such changes
contravene water quality standards and negatively impact the designated uses of these
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waterbodies, which include swimming; domestic, industrial, and agricultural water supply;
aesthetic value; wildlife habitat; harvesting; and spawning, rearing, and migration for
Endangered Species Act-listed coho.

The Wenatchee River and portions of Icicle Creek are on the State of Washington’s 303(d)
list of impaired waterbodies for DO, pH, and temperature excursions. The lower Wenatchee
River downstream of the City of Leavenworth, and Icicle Creek below the Leavenworth
National Fish Hatchery (LNFH) have a phosphorus Total Maximum Daily Load (TMDL) in
effect. The TMDL analysis undertaken by Washington Department of Ecology

(WDOQE) advocates the implementation of a phased load reduction from point and non-point
sources to prevent water quality excursions during critical low-flow conditions occurring in
summer and fall (Carroll et al. 2006; Carroll and Anderson 2009). The Wenatchee River
upstream of Leavenworth is presently not included in the State’s 303(d) list for DO and pH
violations (Carroll and Anderson 2009). However, the WDOE TMDL document has
recommended a limit for the total phosphorus (TP) loads entering the lower Wenatchee
River from sources upstream of Leavenworth to address water quality degradation in the
lower section of the Wenatchee River where the TMDL is in effect.

The Methow River is not listed in the State’s 303(d) list of impaired water bodies for pH or
dissolved oxygen violations. However, it is currently listed for temperature.

This Appendix presents an analysis of potential water quality impacts (pH and DO)
attributable to proposed coho acclimation sites (through nutrient addition) within the
Wenatchee and Methow subbasins. The WDOE TMDL analysis of the Wenatchee River
focused on phosphorus because it was determined to be the limiting nutrient for algal growth
in the lower river and is the primary concern for water quality degradation. Thus,
phosphorus was the primary nutrient considered in the analysis presented herein.

The Wenatchee subbasin contains active acclimation sites from which extensive data were
collected to form a basis for assessing coho acclimation activity impacts on water quality!.
Nutrient loading estimates derived from these active acclimation sites were then used as a
basis for forecasting nutrient loading from sites proposed in both the Wenatchee and
Methow subbasins. Where appropriate, water quality modeling was used to facilitate the
evaluation.

2.1 Objectives

The purpose of this evaluation is to provide an assessment of the water quality impact of
discharges originating from coho acclimation sites proposed in this project. This evaluation
had the following objectives:

o Assess phosphorus loading and the potential impacts on receiving waters from active

lAppendix 6 contains details on the data collection effort as well as a preliminary presentation of the data.
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acclimation sites in the Wenatchee subbasin

e Use evidence from active sites in the Wenatchee to assess phosphorus loads from sites
in the Wenatchee and Methow subbasins

e In each subbasin, assess the combined impact of the project based on the contribution
of loading from all acclimation sites relative to the background levels

e Estimate the cumulative impact of the project in each subbasin based on existing
subbasin phosphorus loads

2.2 Criteria for Evaluation
2.2.1 Regulatory Guidelines

Washington state law provides protection for surface water quality through an anti-
degradation policy (WAC 173-201A-300 of Washington Administrative Code; WAC 2006).
Under this law, three levels of protection are provided: Tier I protection extends to all water
bodies and maintains the current and designated uses for a given water body and prevents
any further pollution; Tier II does not allow degradation of surface waters that are of
exceptional quality (exceeding the water quality standards) through new or proposed actions
unless such degradation is necessary and in the overriding public interest; and Tier III
protection applies to water bodies classified as outstanding resource waters.

Much of the upper Wenatchee subbasin and nearly the entire Methow subbasin exceed the
water quality standards for temperature, DO, and pH. Thus, these waters are protected by
the Tier II anti-degradation policy. The lower Wenatchee River and portions of Icicle Creek
where the TMDL is in effect (to prevent pH and DO excursions) are protected under the
Tier I policy.

Most of the existing and proposed acclimation-related sites are located in waters protected by
the Tier II anti-degradation policy. A Tier II anti-degradation evaluation will be required if
the proposed activity has the potential to cause a measureable change in water quality, where
measurable changes relevant to this context as defined in the legislation (WAC 2006) are:
temperature increase of 0.3 degree Celsius (C) or greater; DO decrease of 0.2 milligrams per
liter (mg/L) or greater; and pH change of 0.1 unit or greater. For Tier I waters,
anthropogenic discharges must not affect the existing and designated uses.

Based on the regulatory guidelines presented above, the following criteria were used to
evaluate the local and cumulative impacts of the acclimation sites:

e For active discharges in waters protected by the Tier II policy, evaluate the
phosphorus levels with reference to the existing background conditions to assess
whether acclimation-related discharges produces algal blooms that are sufficient to
cause a measurable change in DO and pH beyond the mixing zone of the discharge

e For proposed discharges in waters protected by the Tier II policy, estimate
phosphorus load from discharge relative to existing background load to assess the
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likelihood of measurable change in DO and pH

e For the lower Wenatchee River (currently protected by Tier I policy), determine
whether activities proposed in this project are likely to cause a measurable change in
DO and pH, as defined above, that is sufficient to affect the existing and designated
uses

2.2.2 Data Quality

Whenever possible, instrument accuracy and precision were used to supplement the
interpretations of significance in impacts in addition to the regulatory guidelines discussed in
Section 2.2.1. For instance, small changes in DO and/or pH may be undetectable due to
equipment limitations.

Field duplicates for TP collected during sampling events were analyzed to obtain an estimate
of instrument accuracy and precision. A detailed discussion is available in Chapter 5 of
Appendix 6. When evaluating differences in nutrient levels between the acclimation sites
and receiving streams, instrument accuracy and precision will be considered.

3 ASSESSMENT OF IMPACTS AT ACTIVE SITES

Nason Creek in the upper Wenatchee subbasin has three coho acclimation sites presently in
operation for this project: Rohlfing; Butcher; and Coulter. In all three locations, fish
acclimation activity was carried out in spring 2009 and 2010. The construction and
operational details of the acclimation sites were presented in Appendix 2, and the associated
data collection was presented in Appendix 6.

3.1 Approach

To meet the objectives laid out in Section 2.1, a mass balance approach was adopted where
phosphorus loadings entering and leaving the acclimation ponds were evaluated. The inflow
phosphorus level provides the background or natural condition existing in the creek feeding
the pond, while the outflow concentration reflects any potential impact of acclimation
activity.

The relative change in water quality at the upstream and downstream sampling locations
compared to the criteria specified for measurable change (see Section 2.2) formed the basis
for the evaluation of acclimation pond impacts on the receiving stream (Nason Creek). The
applicability of these criteria was based on the following assumptions:

e The concentrations in Nason Creek are unlikely to be affected during non-
acclimation periods, given the low flows out of the ponds (typically less than
1 percent (%) of Nason Creek flows). Data collected from Nason Creek in the 2009
post-acclimation period supported this assumption.

e In-stream water quality changes are unlikely due to factors other than the discharge
over the reach of the natural waterway between the sampling locations that are
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upstream and downstream of the discharge from the acclimation pond because of the
proximity of the upstream and downstream locations.

Combined effects of the acclimation ponds were evaluated by comparing relative changes in
water quality from upstream to downstream along the length of Nason Creek.

3.2 Analysis of Data Collected at Pond Inflow and Outflow
3.2.1 Rohlfing
3.2.1.1 TP Loads from Acclimation Activity

TP concentrations measured at the pond inflow and outflow measured during 2009 and 2010
are presented in Figure 1. The figure suggests that while there was significant variability in
outflow concentrations, the overall pattern indicated that outflow generally tracked inflow
concentrations. Outflow concentrations were higher in all but two cases (both in 2009)
when acclimation activity was ongoing, suggesting that there was nutrient addition to the
receiving stream due to acclimation activity.

Calculations that show the load introduced due to acclimation activity are presented in Table
1. The load calculations showed an average TP load of about 37 grams per day (g/d) being
introduced into the outflow. The data also show that the loading occurred during the
acclimation period in April and May.

Table 1
TP loads introduced due to acclimation activity at Rohlfing Pond
Average TP Concentration (pg/L) TP Load
Introduced*
Date' Flow” (cfs) Flow (L/d) Inflow Outflow Difference’ (g/d)
3/14/2009 1.4 3425206 5.5 3 -2.5 0.0
4/5/2009 1.4 3425206 1.5 5 3.5 12.0
4/12/2009 4.1 10030960 7 15.5 8.5 85.3
4/19/2009 4.1 10030960 9 7.5 -1.5 0.0
5/3/2009 3.5 8563014 7 16.5 9.5 81.3
3/23/2010 2.1 5137809 1 2.5 1.5 7.7
4/18/2010 2.8 6850412 1.5 10.5 9 61.7
4/25/2010 2.1 5137809 4 13 9 46.2
Average 36.8
Notes:

1.4/26/2009, 4/12/2010, and 5/5/2010 TP data were not used due to lack of paired stage measurements

2. Flow was estimated from the stage-discharge relationship developed for the stream feeding into ponds.

3. Difference = total phosphorus concentration between pond inflow and outflow.

4. Volumetric inflows and outflows were assumed to be equal in load calculation. Whenever the difference in
loads was negative, load introduced due to acclimation activity was set to 0.

ug/L - micrograms per liter, cfs - cubic feet per second, L/d - liters per day, g/d - grams per day
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3.2.1.2 Impact on Receiving Stream

Temporal changes in DO, pH, TP, and temperature at two locations in Nason Creek that are
upstream and downstream of the Rohlfing discharge are shown in Figures 2a and 2b for 2009
and 2010, respectively. The sampling locations are shown in Figure 3-6 of Appendix 6. The
difference between the downstream and upstream values for each component has also been
presented (right ordinate in each panel).

Figure 2 shows that the DO value at the downstream location was consistently lower than
the upstream measurements although differences were small. A review of the DO
measurement at the pond outflow during the acclimation months (March through May)
suggested that DO at the outflow was consistently lower than the corresponding downstream
measurements (by about 0.8 mg/L and 1.0 mg/L on average, respectively, for 2009 and 2010;
see Figure 4-8 in Appendix 6). Moreover, the DO in the pond inflow was higher than in
pond outflow when acclimation activity was ongoing (the average differences between
outflow and inflow in 2009 and 2010 were, respectively, 0.4 mg/L and 0.7 mg/L; the average
difference during non-acclimation periods in 2009 was 0.07 mg/L—see Figure 4-8 in
Appendix 6). These data suggest that DO levels undergo some decline through the ponds
when fish acclimation is ongoing. This is likely due to fish respiration. Thus, the somewhat
lower DO levels in the downstream location could be a consequence of the discharge.
However, it is clear from Figure 2 that even though the values in the downstream location
were lower than in the upstream location, the difference is well above the limit for
measurable change stipulated for waters protected under the Tier II anti-degradation policy

(WAC 2006).

In both years, TP levels downstream of the Rohlfing discharge were typically lower than
upstream, suggesting that the loading from the ponds was not significant enough to affect the
naturally high background levels that attenuated as the creek flowed past the Rohlfing
discharge.

The pH changes from upstream to downstream are negligible and generally fall within the
bounds for measurable changes of 0.1 unit (WAC 2006). In 2009, one measurement in late
April and one in early May, immediately before release of the acclimated coho, showed
changes beyond the limits stipulated for Tier II waters, albeit in opposite directions. The
larger of the two changes occurred in late April. Upon comparison with the TP
concentrations, it is clear that the upstream TP sample corresponding to the higher pH
change in late April showed a significantly larger TP level than the downstream sample
suggesting a naturally high background TP level in the stream. This confirms that the
departure in pH, if caused by algal activity stimulated by nutrient levels in the stream, did
not result from nutrient loading from the Rohlfing discharge.
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In 2010, one measurement in mid-April, on the same date when an unusually low DO
concentration was measured upstream, showed a pH increase of 0.4 unit at the downstream
station. Given that there was no appreciable increase in TP levels from the discharge (see
Figure 1) before or during this period, it is unlikely that the discharge caused these water
quality changes. On this date, upstream TP was unusually high (about 10 micrograms per
liter [pg/L]) and dissolved inorganic phosphorus (used interchangeably with orthophosphate
throughout this appendix) was measured to be above the detection limit on this date. This
was the only orthophosphate measurement that was above the detection limit among all
samples collected in 2010 in the vicinity of Rohlfing discharge. On the same date water
temperature was also about 2 degrees C warmer. The elevated orthophosphate levels from
upstream and the somewhat warmer water temperature could have contributed to localized
algal bloom over the reach spanning the upstream and downstream stations and the resulting
photosynthesis and respiration activity may have impacted DO and pH.

The pH excursions occurred during periods when there was no acclimation activity,
indicating substantial natural variability in pH. This suggests that the second assumption laid
out in Section 3.1 may not be true for all in-stream conditions. Naturally occurring
variability in pH could result in localized habitats that are more conducive for algal growth
and also result in conditions that promote greater exchange of atmospheric DO and carbon
dioxide, all of which could affect pH. Another possible explanation for the detections of pH
variability is instrument accuracy—the data sonde (underwater data collection device)
accuracy for pH measurement is estimated at 0.29 unit (see Chapter 5 in Appendix 6), which
is greater than the differences detected in downstream and upstream measurements in 2009.
Temperature changes upstream and downstream of the discharge were within the stipulated
increase of 0.3 degree C on all dates when data were collected.
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3.2.2
3.2.2.1

Butcher
TP Loads from Acclimation Activity

The total phosphorus concentrations measured at the inflow and outflow of Butcher Pond
are shown in Figure 3. Based on these measurements and flows estimated from the stage-
discharge relationship, the average TP load introduced due to acclimation activity is
estimated to be about 39 g/d (see Table 2). As at Rohlfing, in 2009 the dominant portion of
the load entered Nason Creek immediately prior to release in early May, which coincided
with the highest flow and fish feed rates during the acclimation period.

More fish were acclimated at Butcher than at Rohlfing pond. This difference explains the
relatively higher load exiting Butcher compared to Rohlfing.

Table 2

TP loads introduced due to acclimation activity at Butcher Pond

Average TP Concentration (pg/L) TP Load
Introduced*
Date' Flow” (cfs) Flow (L/d) Inflow Outflow Difference’ (g/d)
3/14/2009 1.6 3914521 3 3 0 0.0
4/5/2009 1.6 3914521 4 16 12 47.0
4/12/2009 1.9 4648494 7 13 6 27.9
4/19/2009 1.9 4648494 9.5 14 4.5 20.9
5/3/2009 2.8 6850412 9.5 33 23.5 161.0
3/23/2010 1.0 2446576 4.5 4 -0.5 0.0
4/12/2010 13 3180548 8.5 23.5 15 47.7
4/18/2010 13 3180548 10.5 17.5 7 22.3
4/25/2010 13 3180548 12 18.5 6.5 20.7
Average 38.6
Notes:
1. 4/26/2009 and 5/5/2010 TP data were not used due to lack of paired stage measurements.
2. Flow was estimated from the stage-discharge relationship developed for the stream feeding into ponds.
3. Difference represents the difference in total phosphorus concentration between the inflow and outflow
from the ponds.
4. Volumetric inflows and outflows were assumed to be equal in load calculation. Whenever the difference in
loads was negative, load introduced due to acclimation activity was set to 0.
pug/L  micrograms per liter g/d grams per day
cfs  cubic feet per second L/d liters per day g/d grams per day
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Figure 3

e—e Inflow Total phosphorus concentrations measured in Butcher Pond
ANCHOR *-—e Qutflow Duplicates averaged. Non-detects plotted at detection limit
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3.2.2.2 Impact on Receiving Stream

The water quality changes in the vicinity of the Butcher discharge at upstream and
downstream sampling locations (see Figure 3-7 in Appendix 6 for sampling locations) are
shown in Figures 4a and 4b for 2009 and 2010, respectively. The solid green lines depict the
state criteria for measurable change in Tier II waters (WAC 2006).

With the exception of two pairs of measurements, one in May 2009 and one in April 2010,
changes in DO concentrations during the acclimation period were below the criterion
stipulated for waters protected by Tier II policy (WAC 2006). As with Rohlfing pond, DO at
the Butcher Pond outflow was consistently lower than the inflow during acclimation periods
(see Figure 4 through 9 in Appendix 6). On May 3, 2009, and April 12, 2010, the dates when
these excursions occurred, the differences were particularly large (about 4.0 mg/L and

2.3 mg/L, respectively), which explains the excursion. Notwithstanding these large
differences between the pond outflow and inflow, the differences between downstream and
upstream DO concentrations are generally small. The larger of the two differences between
the upstream and downstream sample is 0.35 mg/L, which is comparable to the accuracy of
the data sonde used for measuring DO (see Chapter 5 in Appendix 6). Moreover, this change
relative to the upstream DO concentration is less than 3% of the average DO for both cases,
and for both cases, the actual DO concentrations are well above the highest surface water
aquatic life DO standard of 9.5 mg/L (WAC 2006). Therefore, it is concluded that this
decline is sufficiently small and is unlikely to impact the designated uses for the system
(whether for recreational contact or as aquatic habitat).

TP levels were quite variable in both years in the upstream and downstream stations. As
seen in the Rohlfing measurements, TP levels upstream of the discharge frequently exceeded
the value of the downstream measurement, suggesting that TP load from the discharge was
insignificant compared to the natural background variability.

Levels of pH measured downstream in 2009 were higher than upstream, frequently
exceeding the upper 0.1 unit threshold for measurable change. The pH of discharge from
Butcher pond was consistently about .5 units higher than Nason despite being reduced in the
pond itself (see Figures 4-11 and 4-12 in Appendix 6). This trend in pH is likely natural to
the system because pH measured in the creek feeding Butcher pond were consistently higher
at the inflow compared to the outflow, during and after the acclimation period. It is possible
that the small increase in pH downstream of the Butcher discharge is a result of the
discharge. Moreover, most of the excursions over the upper limit of measurable change were
within the instrument accuracy range of 0.29 unit (see Chapter 5 in Section 6). Therefore, it
is unclear whether these excursions are real or an artifact of the limitation in
instrumentation. In any case, these excursions are small and do not appear to be correlated
to acclimation activity.
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A similar pattern in pH changes was observed in 2010 though the increases downstream
were beyond the limits for measurable change in all cases. The pH measurements in the
Butcher pond inflow in 2010 were similarly lower than the pond outflow. Asin 2009, the
changes in Nason Creek downstream of the pond discharge were generally small, with a
largest difference of 0.28 unit, which is comparable to the instrument accuracy range. The
same trend in two successive years, under different flow conditions (Spring of 2010 was
significantly drier than 2009), suggest that the pH variations in the vicinity of the Butcher
pond are natural to the system and are unlikely to be a result of acclimation activity. The pH
measurements on May 5, 2010, were the only exception to this pattern observed on all other

dates in 2010, with the upstream value exceeding the downstream value by a small amount
(0.15 unit).

In order to better understand the pH and TP patterns, correlation coefficients (R?) were
calculated to assess the relationship of pH and TP downstream of the discharge with the
corresponding values measured at the discharge point as well as at the location upstream of
the discharge. Table 3 shows the R? relationships for pH and TP. Correlation does not
indicate a direct cause and effect relationship. Nonetheless, R? was interpreted simply as the
percentage of variance in the second variable that may be explained by the first. Thus, these
tables present an estimate of the variability in samples collected downstream of the Butcher
discharge that may be explained by the corresponding samples collected at the point of
discharge (i.e., pond outflow) and upstream of the discharge.

Table 3 shows that the downstream pH is highly correlated with both the pond outflow data
and the upstream data, regardless of status of acclimation activity. In contrast, the variability
in downstream TP data is aligned more closely with the upstream data during the non-
acclimation periods and only weakly correlated to the discharge data under all conditions.
Acclimation-period TP correlations with pH were generally poor for the discharge as well as
the upstream locations.

The relationship between TP and pH was also studied to assess whether variations in
downstream pH can be explained by variations in upstream, downstream, and discharge TP.
The correlations are presented in Table 4. In general, there are no significant correlations
between downstream pH and upstream or discharge TP concentrations. The correlations are
weak between the downstream TP concentration and pH.

The analysis above indicates that it is difficult to explain the variability in pH through in-
stream TP levels. This adds weight to the hypothesis posited above that factors other than
TP and its affect on algal metabolism contribute to variability in pH. Another confounding
factor is the lack of relationships between downstream TP with either the upstream TP or
the discharge TP. This suggests that TP variability is large both spatially and temporally.
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Assessment of Impacts at Active Sites

The small magnitude of the loads from the ponds (see Table 1 and Table 2) is within the
levels of natural variability in the system and is unlikely to be a significant contributor to
water quality degradation.

Table 3
Relationships of downstream pH and TP measurements with Butcher discharge and upstream
measurements
No. of R* for pH No. of R? for TP
Period Samples | Discharge | Upstream Samples | Discharge | Upstream

All Data 16 0.88 0.82 20 0.07 0.14

Acclimation Period 10 0.84 0.77 11 0.00 0.00

Non-Acclimation Period 6 0.98 0.98 9 0.42 0.79
Table 4

Relationship between pH measurements downstream of Butcher discharge with TP

R* for Downstream pH vs.

No. of Discharge | Upstream | Downstream
Period Samples TP TP TP
All Data 17 0.02 0.01 0.09
Acclimation Period 10 0.00 0.05 0.21
Non-Acclimation Period 6 0.03 0.01 0.00

Temperature changes between the upstream and downstream locations were generally small
and did not exceed the measurable change criterion in 2009 (see Figure 4). Two
measurements in 2010 exceeded the criterion. In both instances, the temperature from the
discharge was higher than the upstream temperature (see Figure 4-9 in Appendix 6).
Therefore, it is likely that the discharge had an impact on the downstream temperature. The
Butcher Pond is an existing, natural system. Acclimation activity does not affect the
temperature in the pond in any way because an artificial temperature control system for the
pond water has not been installed. Thus, the changes in downstream temperature are a
consequence of the natural heat exchanges within the system, which includes the discharge
from the Butcher Pond.
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Assessment of Impacts at Active Sites

3.2.3 Estimation of Net Phosphorus Loading to Nason Creek

Based on flows estimated through the ponds and the number of fish acclimated at each site,
an estimate of the average daily phosphorus load was developed. The calculation of
aggregate load is presented in Table 5. The average daily load estimated here provided a basis
for evaluating the acclimation-induced loading to receiving streams for the proposed sites.

3.3 Assessment of Combined Impacts on Receiving Stream

To evaluate the combined impact of acclimation activity on Nason Creek and ultimately on
the Wenatchee River, an evaluation of the variability in water quality and bioavailability of
phosphorus forms along the length of Nason Creek downstream of all discharges was
conducted.

3.3.1 Spatial Variability in Water Quality

The spatial variation in water quality along the length of Nason Creek from upstream of the
Rohlfing discharge to the mouth of Nason Creek in 2009 and 2010 are presented in

Figures 5a and 5b, respectively. The Rohlfing and Butcher discharges enter Nason Creek at
approximately River Kilometers (RKM) 23.4 and 19.3, respectively.

The 2009 data consistently showed a drop in DO from the Rohlfing to Butcher discharges,
regardless of whether it was during or after the acclimation period, and either rose slightly or
fell significantly downstream of the Butcher discharge. Over the same reach, temperature
showed a consistent increase of up to 2 degrees C, which likely explains the decline in DO.

The spatial trends in DO in the 2010 acclimation season were consistent with the trends
observed in 2009, with the exception of one unusual decline from the Boyce Station

(RKM 20.3) to station upstream of Butcher discharge (RKM 19.4). On this same date, pH also
showed a sharp decline while the changes in TP and temperature were not unusual. Because
the DO and pH levels and the temperature from the Rohlfing discharge were within the
observed ranges, this decline could not have been caused by the Rohlfing discharge. It is
unclear whether the declines in DO and pH were a consequence of discharge from the
wetland complex near Boyce, groundwater influx, or instrument error.
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Assessment of Impacts at Active Sites

Table 5
Combined TP loads introduced due to acclimation activity in Nason Creek
Rohlfing Butcher Total
2009 2010 Overall 2009 2010 Overall 2009 2010 Overall
Total number of fish acclimated 101000 85656 186656 136000 | 144632 | 280632 | 237000 | 230288 | 467288
Average TP load (g/d) 35.72 38.53 74.25 51.35 22.66 74.02 87.07 61.19 148.27
TP load per fish acclimated (mg/d/fish) 0.35 0.45 0.40 0.38 0.16 0.26 0.37 0.27 0.32
Notes:
g/d grams per day
mg/d/fish milligrams per day per fish
Appendix 7: Water Quality Impacts of Discharges November 2010
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Assessment of Impacts at Active Sites

Downstream of the Butcher discharge, DO rose slightly on three of the five sampling dates in
both 2009 and 2010. DO measurements on April 25, 2010, remained low in-stream, from
Boyce station downstream to the confluence with the Wenatchee River. Flows in April 2010
were lower than 2009 but the temporal patterns were comparable. Therefore, the cause for
the lack of recovery in DO (pH recovered along this reach) on this date is unclear. The
lower values in 2009 occurred during spring high flows. This may be a consequence of the
widening and subsequent reductions in creek flow turbulence, and the corresponding
reduction in aeration potential in this section of the creek. During lower flows (March,
April, and September samples), the DO patterns were similar during and after the
acclimation period. The significant drop in DO downstream of the Butcher discharge in May
and June samples may have resulted from a reduction in velocity as the creek widens in these
reaches, but this could not be established definitively due to lack of stream flow information
within this reach.

The data showed an increase in TP for both years from downstream of the Rohlfing
discharge to upstream of the Butcher discharge. TP data consistently showed a decline
downstream of the Butcher discharge to Coles Corner (at RKM 6), and then an increase to
the mouth of Nason Creek, with the exception of one out of four measurements in 2009 and
two out of five in 2010. Discharge from the wetland complex upstream of the Route 2 bridge
(see Figure 3-7 in Appendix 6) may contribute to the observed increase in TP between the
location downstream of the Rohlfing discharge and the location upstream of the Butcher
discharge. The decline from Butcher to Coles Corner suggests some in-stream assimilation,
while an increase from Coles Corner to the creek mouth is indicative of a potential TP
source. As there are no known point sources downstream of Coles Corner, the increase in
TP observed at the mouth may result from non-point source inputs, such as groundwater
inflow.

The pH data from both years showed a decline downstream of Rohlfing to Boyce station
(RKM 20.3), and an increase from downstream of the Butcher discharge to the mouth of
Nason Creek. These patterns are consistent with the observations for DO and TP. Data
collected during and after acclimation activity were similar (with the exception of the June
sample), suggesting that pH changes are minimally affected by discharges from the
acclimation ponds.

Temperature patterns suggested negligible impact from acclimation pond discharges. Small
changes in the mixing zone of the discharges could result from the natural variability within
the system (see Section 3.2.2.2). With the exception of March 2010, changes in temperature
were consistent with the season and showed little impact from the discharges. Air
temperatures in March were unusually warm in 2010, which was reflected in the recorded
water temperatures. In general, a small decline from Boyce Station to upstream of Butcher
discharge (RKM 19.3) was observed and is likely a consequence of inherent variability in

Appendix 7: Water Quality Impacts of Discharges November 2010
Mid-Columbia Coho Restoration Project 30 100595-01



Assessment of Impacts at Active Sites

stream flow, cooler discharge from the nearby wetlands complex, or groundwater influx.
Temperatures increased slightly from downstream of Butcher to the creek mouth, reflecting
the change in elevation and the associated changes in air temperature.

3.3.2 Phosphorus Bioavailability

Another important metric that determines the amount of available phosphorus for algal
uptake is the orthophosphate concentration. Phosphorus in natural aquatic ecosystems
consists of particulate and dissolved forms. Both forms can be organic, inorganic, or a
combination of organic and inorganic. Particulate organic phosphorus can undergo
dissolution to form dissolved organic phosphorus, which in turn can hydrolyze to form
dissolved inorganic phosphorus (in this appendix used interchangeably with orthophosphate,
the simplest form to which all forms of dissolved inorganic phosphorus are converted prior
to measurement in the laboratory).

Phosphorus is an essential nutrient for algal growth. However, not all forms of phosphorus
can be taken up by algae. Any form of phosphorus that is readily available for biological
uptake is said to be bioavailable (i.e., available for ready assimilation by algae).
Orthophosphate is readily utilized by algae during photosynthesis and is therefore
considered bioavailable. Because dissolution and hydrolysis are slow processes, other forms
such as dissolved organic phosphorus or particulate phosphorus cannot be incorporated into
an algal cell. These forms are therefore not considered to be readily bioavailable.

Figure 6 shows the range in orthophosphate concentrations from downstream of the Butcher
discharge to the mouth of Nason Creek for periods with and without ongoing acclimation
activity. The patterns suggest that there is little difference in the average orthophosphate
levels throughout the year regardless of whether acclimation activity was ongoing or not.
The variability in the orthophosphate levels is higher during non-acclimation periods in
2009, which is reasonable given that the acclimation period spans only 3 months (March
through May). There were occasional spikes during non-acclimation periods, particularly
near the mouth of Nason Creek, suggesting that there could be a source of orthophosphate
farther downstream of the acclimation sites in Nason Creek that is not related to discharges
from the acclimation ponds.

Figure 7 shows the forms of phosphorus entering the Wenatchee River at the Nason Creek
mouth. On most dates sampled, the major component of the TP load entering the
Wenatchee River was not readily bioavailable. During the 2009 acclimation period (March
through May), the bioavailable fraction remained low (a maximum of 50%). In 2010, the
bioavailable fractions were calculated to be greater than 50% on several occasions. On most
dates when the bioavailable fraction exceeded 50%, the TP concentration was less than

10 pg/L. This phenomenon suggests that even though the bioavailable fractions were higher,
the loadings remained low.
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It is possible that even though the phosphorus entering the upper Wenatchee River is in a
non-bioavailable form (such as dissolved organic phosphorus), it could convert to
orthophosphate as the water moves downstream. Assuming an upper bound (i.e., fastest)
decay rate of 0.11 per day for conversion of dissolved organic phosphorus to orthophosphate
(based on the range reported in Cole and Wells 2003), it would take roughly 6 days for 50%
of the organic phosphorus at the headwater to be converted to orthophosphate.

WDOE’s TMDL analysis indicated that during September 2002 low-flow conditions
(comparable to the 7Q10 low-flow), the travel time from the headwater at Lake Wenatchee
to the confluence with the Columbia River is less than 2.5 days (Carroll et al. 2006). This
travel time is well below the 6-day estimate for conversion of 50% of the TP to bioavailable
forms. Flows encountered during the higher feeding periods in April and May are typically
higher, and so travel times would be even shorter. Thus, the fraction of acclimation pond-
related phosphorus that enters the upper Wenatchee River will likely be negligible when
feeding rates are the highest.

This analysis suggests that the phosphorus released due to acclimation pond activity
generally contributes a small proportion of bioavailable load to the Wenatchee River.
Moreover, the non-bioavailable form released to the upper subbasin is likely to remain
largely non-bioavailable as it is carried through the critical regions of the lower Wenatchee
River.
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4 ASSESSMENT OF IMPACTS AT PROPOSED SITES
4.1 Approach

The main challenge in the evaluation of impacts for proposed acclimation sites is to assign
the phosphorus loads that would result from the proposed acclimation activity. A data-based
approach was adopted for this project to estimate nutrient loads at proposed acclimation
sites’>. Water quality data collected at Nason Creek in the spring of 2009 and 2010, when
active acclimation was ongoing, provided a basis for estimating acclimation activity-related
nutrient loads from the proposed sites. Based on these data, the TP load contributed to the
receiving stream was estimated to be 0.32 milligrams (mg) per day per fish (see Table 5).
This estimate was scaled up or down by multiplying by the number of fish to be acclimated
at each proposed site. This contribution was evaluated against the phosphorus loads
calculated at the mouth of the major creeks that carried these loads into the Wenatchee and
the Methow rivers. The objective behind this approach was to assess the significance of the
loads relative to the background loads in the system.

A different approach was adopted for the Dryden Hatchery because it is planned for
proposed use as a year-round rearing facility. The Dryden Hatchery will discharge into a
critical area of the Wenatchee River that is currently exhibiting water quality excursions.
For this site, the mass balance modeling approach used in the WDOE TMDL analyses
(Carroll et al 2006; Carroll and Anderson 2009) was adopted, with minor modifications as
described in the following sections.

4.1.1 Applicability of Active Site Data to Proposed Sites

Applying the active site data as a means of assessing the impacts of the proposed sites on
water quality is reasonable for the proposed sites, aside from Dryden, because: 1) the sites
will be used to acclimate the same species; 2) feeds are expected to be similar or identical to
those used in the Nason Creek sites; 3) climatic conditions will be similar, which will result
in similar metabolism; and 4) the majority of the acclimation sites are small, natural ponds
that are fed by small tributary streams.

As discussed above, the Dryden facility is proposed to operate as a year-round rearing
facility. It will be a constructed site with discharges being treated to some level before being

2 An approach that was considered and then abandoned in favor of the direct measurement approach included
the estimation of potential acclimation pond loads using the anticipated feed rates, in conjunction with
literature-reported rates of fish metabolism and growth, to estimate the amount of phosphorus excreted and
egested into the water column, and to predict rates at which nutrients are assimilated in the acclimation ponds.
While this approach is technically rigorous, there is considerable uncertainty in applying metabolic estimates
from different sources that are potentially derived under different conditions. Moreover, fish rearing pond
assimilation rates have not been extensively studied. Therefore, this approach was abandoned in favor of the
more empirical approach described herein.
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Assessment of Impacts at Proposed Sites

released into the Wenatchee River. Therefore, nutrient loading estimated from active
acclimation sites operated over a specific time period (March through May) were not
representative of the operations proposed at the Dryden facility.

4.2 Impacts at Wenatchee Subbasin Sites

The estimated TP loads at the proposed sites in the Wenatchee subbasin are shown in Table
6. The details of estimation for each site are discussed in the following subsections.

4.2.1 White River

Three acclimation ponds are proposed in the White River watershed. Flows in the White
River were estimated based on the WDOE gauge near Plain (Gauge ID: 45K090). Water
quality data were derived from multiple sources: data collected by the Yakama Nation as part
of this project at the McComas Site (presented in Appendix 6) were supplemented with
monitoring data collected to support ongoing acclimation programs in Lake Wenatchee by
Grant County Public Utility District (PUD) No. 2 (Grant PUD 2009) and Chelan PUD (2009
—unpublished data).

4.2.1.1 Tall Timber

Tall Timber is the most upstream of the three proposed acclimation ponds and does not
directly flow into the White River, but it is located close to the confluence of the Napeequa
and White rivers (see Appendix 2 for details). The estimated TP load from this acclimation
site is 19.1 g/d, which is less than one fifth of a percent of the average TP loads delivered by
the White River to Lake Wenatchee during the acclimation periods in 2009 and 2010. This
level is well within the natural variability of the TP loads in the White River. Moreover,
loads released at this site would have to travel a substantial distance prior to entering Lake
Wenatchee. In-stream processes such as settling and uptake by biota would mitigate any
impact farther downstream from the discharge.

4.2.1.2 Gray

This is one of the smallest proposed ponds, with acclimation of 50,000 coho. Loads from this
site are expected to be quite small, at less than one-tenth of a percent of the average White
River loads.

4.2.1.3 Dirty Face

Data from Nason Creek are not applicable to the Dirty Face site because adult fish
acclimation is proposed at this site. Adult fish are not fed, so water quality impacts associated
with the acclimation and feeding of juvenile fish are not relevant to the Dirty Face site.
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4.2.2 Little Wenatchee River — Two Rivers

The Two Rivers site is located above the confluence of the Little Wenatchee River with Lake
Wenatchee (see Appendix 2). This is one of the larger sites, with an estimated 120,000 coho
being proposed for acclimation.

WDOE’s gauge at Little Wenatchee River below Rainy Creek (Gauge ID: 45L110) was used
to estimate flows. As with White River, water quality data for estimation of loads came from

the program described herein, as well as from the Grant and Chelan PUD monitoring
programs (Grant PUD 2009; Chelan PUD 2009 — unpublished data).

The estimated loads contributed by this proposed site are higher than for the White River
sites because of the greater number of fish proposed for acclimation. Nevertheless, the TP
loads from acclimation activity are estimated to be about one-third of a percent of the
average TP loads carried by Little Wenatchee River during the acclimation period.
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Table 6
TP loads estimated for proposed acclimation activity within the Wenatchee Subbasin
Receiving
TP No. of Stream Relative
No. of Fish Load* Receiving No. of | Sampling Record Record Load® Contribution
Proposed Site (thousands) | (kg/d) Stream’ Days’ Events® | Start Date | End Date (kg/d) (%)

Tall Timber 110 0.035 | White River 84 14 3/15/2009 | 4/12/2010 19.1 0.18
Gray 50 0.016 | White River 84 14 3/15/2009 | 4/12/2010 19.1 0.08
Two Rivers 120 0.038 | Little Wenatchee 83 12 3/23/2009 | 5/9/2010 11.8 0.33
Chikamin 100 0.032 | Chiwawa 71 4/4/2009 5/9/2010 7.3 0.44
Minnow 100 0.032 | Chiwawa 71 4/4/2009 5/9/2010 7.3 0.44
Clear 150 0.048 | Chiwawa 71 4/4/2009 5/9/2010 7.3 0.66
Beaver 100 0.032 | Beaver N/A N/A N/A N/A N/A N/A
Scheibler 65 0.021 | Chumstick 23 2 4/11/2009 | 5/3/2009 2.7 0.77
Leavenworth NFH® 100 0.032 | Icicle N/A N/A N/A N/A 1.5 2.21
Brender’ 50 0.016 | Brender N/A 11 3/10/1997 | 5/3/2004 1.2 1.39

Notes:

1. Estimated from average load of 0.32 mg per fish per day calculated from measured data at active discharges in Nason Creek.

2. Nearest stream for which estimation of TP load at the downstream end of the receiving stream was possible.

3. Number of days in the acclimation period over which interpolation of loads was possible with available flow and concentration data.

4 Number of events during the acclimation period (3/10/2009 through 5/10/2009 and 3/23/2010 through 5/9/2010). To maximize data coverage, this

period was extended to include additional samples. Some events included collection of duplicates.

5. TP load estimated at the mouth of the receiving stream was based on nutrient data collected during the acclimation period.

6. Loads for the receiving stream (Icicle Creek) represent the total load at the mouth of Icicle Creek for 2002 as determined in WDOE TMDL.

7. Average TP load for receiving stream (Brender) was calculated over the acclimation months (March through May) based on historical flow and TP data

kg/d kilograms per day

reported by WDOE for Brender Creek near Cashmere Station (45D070).
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4.2.3 Chiwawa

Three sites are proposed in the Chiwawa River watershed. This river joins the Wenatchee
River near Plain, Washington. Flow data for this site were obtained from the U.S. Geological
Survey (USGS) Chiwawa River gauge near Plain (Station ID: 12456500). Water quality data
were collected by the Yakama Nation near the mouth of the Chiwawa River.

4.2.3.1 Minnow

This is the most upstream of the three proposed acclimation ponds and enters the Chiwawa
River through Chikamin Creek. TP contributions from this site are expected to be less than
one half of a percent of the load carried by the Chiwawa River during the acclimation
period. Also, given its distance from the mouth of the Chiwawa River, loads from this site
are likely to be mitigated by in-stream processes and are unlikely to impact the Wenatchee
River.

4.2.3.2 Chikamin

The Chikamin site is close to the Minnow site and similarly enters the Chiwawa River
through Chikamin Creek. Because the number of fish acclimated at this site is the same as at
the Minnow site, the TP contributions from this site are expected to be similarly less than
one half of a percent of the load carried by the Chiwawa River during the acclimation
period. As with the Minnow site, loads from this site are also likely to be assimilated in-
stream due to the distance from the confluence with the Wenatchee River, and therefore,
they are unlikely to impact its water quality.

4.2.3.3 Clear

Discharge from the Clear Creek site would enter the Chiwawa River through Clear Creek
close to the confluence with the Wenatchee River. This is the largest site that is being
proposed in the Wenatchee subbasin, with 150,000 coho planned for acclimation. Therefore,
this site has the highest estimated TP load among all sites. However, in terms of relative
magnitude, this load is about two-thirds of a percent of the average TP loads carried by the
Chiwawa River. Therefore, this site, on its own, is not expected to significantly alter loads to
the Wenatchee system.

4.2.4 Beaver

Water quality data for this site is limited. Given the relatively small phosphorus loads,
impacts from this site are expected to be similar to the other sites.

4.2.5 Chumstick Creek - Scheibler

Scheibler Creek is located 13 kilometers upstream of the confluence of Chumstick Creek
with the Wenatchee River. Water quality data collected by the Yakama Nation at the mouth
of Chumstick Creek (CH4—see Appendix 6) and flow estimated by WDOE near the river
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mouth (Station ID: 45C060) were used to calculate background loads. Even though nutrient
data were collected in 2010, the loading calculations used data from 2009 only, due to lack of
paired flow measurements in 2010 (WDOE has suspended the gage operation). The loads
from acclimation pond activity are estimated to be less than 1% of the average background
load carried by Chumstick Creek. Given the small proportion of the background load, the
water quality impacts are expected to be negligible.

4.2.6 Icicle Creek — Leavenworth National Fish Hatchery (LNFH)

Facilities at the LNFH are being used for acclimation as part of this project. Discharges from
this facility flow through the main hatchery outfall that dominates the Icicle Creek flow
during low-flow season. Data at Icicle Creek were not collected as part of this project. The
LNFH is required to provide a discharge report as part of the National Pollution Discharge
Elimination System (NPDES). However, a review of recent discharge reports did not yield
any nutrient data. Thus, TP load specified at the Icicle Creek mouth in the WDOE TMDL
(Carroll et al. 2006) was used as a basis for comparison.

The proposed coho acclimation project was estimated to contribute about 2% of the TP loads
used in the WDOE TMDL for summer 7Q10 conditions. Recognizing that acclimation
activity is proposed overwinter and during spring, the load comparison here is illustrative.
Nonetheless, because a large portion of the load enters during spring high flow, it will likely
be rapidly flushed from the system and is unlikely to have a direct impact on the water
quality of the lower Wenatchee River and Icicle Creek.

4.2.7 Brender Creek

Brender Creek site discharge would reach the Wenatchee River through Mission Creek.
Water quality data were not collected for this site as part of this project. However, historical
water quality and flow data were available for this site from WDOE (Brender Creek at
Cashmere). A comparison to historical data shows that TP loads discharged from the
acclimation site could contribute up to 2% of the loads carried by the creek. This
comparison suggests that the loads from this site may have localized impacts, but the
estimated average contribution of 16 g/d is unlikely to directly impact Wenatchee River
water quality because much of this load will enter during the spring high flow season when
loads from the site would be rapidly flushed from the system.

4.2.8 Back-up Acclimation Sites
4.2.8.1 McComas

The McComas site is located in White River and it may be used to acclimate up to 50,000
juvenile fish. The corresponding phosphorus loads are expected to be less than one-tenth of
a percent of the loads carried by White River (see Table 7). Therefore, the impacts are not
expected to adversely affect water quality.
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4.2.8.2 Squadroni

The Squadroni site is located on Nason Creek and is planned as a back-up site should the
other Nason Creek sites not be used. If used, 105,000 fish are expected to be acclimated at
this site. Based on the active Nason Creek sites, the TP load due to acclimation activity is
expected to be 34 g/d (see Table 7). This is about half a percent of the TP loading from Nason
Creek to the Wenatchee River. Moreover, it was demonstrated earlier that the active
acclimation occurring simultaneously at Rohlfing and Butcher with more than twice the
number of fish (237,000 in 2009 and about 230,000 in 2010) did not adversely affect water
quality in Nason Creek. Thus, the Squadroni site, if developed, is not likely to adversely
affect water quality.

4.2.8.3 Coulter/Roaring

The Coulter/Roaring site is part of a wetland complex owned by the Yakama Nation. As
with Squadroni, if used, up to 105,000 fishes could be acclimated here and the impacts are
likely to be similar to those at the Squadroni site. However, because this site is in a wetlands
complex, the TP loads from ponds are likely to be assimilated within the marsh environs.
Thus, impacts from acclimation activity are likely to be minimal.

4.2.8.4 Allen

The Allen site, if used, is expected to acclimate up to 50,000 fishes, which could result in
phosphorus loading of up to 16 g/d to Peshastin Creek. There were no nutrient or flow data
available for Peshastin Creek for the month of March. In order to obtain a general sense of
the relative contribution, the loading estimate for this site was compared to the loads
specified in the WDOE TMDL summer natural conditions model (Carroll and Anderson
2009). It is estimated that acclimation activity at this site could contribute about 10% of the
loads carried by the stream during the summer season. Given that 7Q10 flows used in the
WDOE TMDL are substantially lower than typical spring flows, the upstream loads
calculated for 7Q10 conditions are substantially lower than what would be carried by the
creek during spring high-flow season. Therefore, the contribution from acclimation activity
is likely to be a much smaller fraction of the creek TP loads than that estimated using the
7Q10 conditions. Regardless of the seasonal differences, 10% is still a small fraction of the
total loads carried by the creek and is not likely to affect the water quality dynamics in the
creek substantially.
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Table 7
TP loads estimated for proposed acclimation activity at back-up sites in Wenatchee Subbasin
Receiving
TP No. of Stream Relative
No. of Fish Load* Receiving No. of | Sampling Record Record Load® Contribution
Proposed Site (thousands) | (kg/d) Stream’ Days’ Events® | Start Date | End Date (kg/d) (%)
McComas 50 0.016 White River 84 14 3/15/2009 | 4/12/2010 19.1 0.08
Squadroni 105 0.034 Nason Creek 112 22 3/14/2009 | 5/9/2010 6.3 0.53
Coulter/Roaring 105 0.034 Nason Creek 112 22 3/14/2009 | 5/9/2010 6.3 0.53
Allen® 50 0.016 Peshastin Creek N/A N/A N/A N/A 0.2 10.46
Notes:
1. Estimated from average load of 0.32 mg per fish per day calculated from measured data at active discharges in Nason Creek.
2 Nearest stream for which estimation of TP load at the downstream end of the receiving stream was possible.
3. Number of days in the acclimation period over which interpolation of loads was possible with available flow and concentration data
4 Number of events during the acclimation period (3/10/2009 through 5/10/2009 and 3/23/2010 through 5/9/2010). To maximize data coverage, this

period was extended to include nearby samples. Some events included collection of duplicates.

TP load estimated at the mouth of the receiving stream was based on nutrient data collected during the acclimation period.

6. There were no data available for the receiving stream. Loads from the WDOE TMDL model for the 7Q10 natural conditions simulation are used here for
comparison.

kg/d kilograms per day

v
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4.2.9 Dryden Hatchery
4.2.9.1 Mass Balance Modeling Setup

As mentioned in Section 4.1, the Dryden Hatchery site is proposed for use as a year-round
rearing operation. Therefore, it was necessary to evaluate impacts during low-flow
conditions when water quality is most vulnerable to increases in nutrient loading.

The QUAL-2K model was used in the WDOE TMDL (Carroll et al. 2006; Carroll and
Anderson 2009) to allocate nutrient loading to point and non-point sources to bring DO and
pH into compliance with existing state regulations. A phased implementation of load
reductions has been recommended in the TMDL. Based on discussion with WDOE
(November 12, 2009, meeting with Ryan Anderson, Yakima Regional office, Yakima), it is
assumed for this evaluation that the load reduction measures will be implemented as
recommended in the TMDL.

The QUAL-2K model was set up for 7Q10 low-flow conditions with publicly owned
treatment works (POTW) discharging at design flow and a phosphorus concentration of

90 pg/L, and other sources were set to the estimated maximum natural condition values as
determined in the WDOE TMDL (Carroll and Anderson 2009).

Nutrient loading for the proposed hatchery was estimated based on the anticipated rearing of
approximately 220,000 smolts at the hatchery, such that about 110,000 smolts will be
removed in November and 110,000 will be removed the following March. Table 8 presents
the details on the nutrient loading that is expected to result from hatchery operation. The
average flow for the month of September, estimated at about 0.06 cubic meter per second
(m3/s) (about 1,000 gallons per minute), was specified for the QUAL-2K model. Discharge
from Dryden Hatchery was assumed to occur immediately upstream of Dryden Dam (at
RKM 56.5).

The Skretting Nutra Fry feed that is proposed for use at the hatchery contains about 1.42%
phosphorus by weight. Tipping and Shearer (2007) have reported a phosphorus retention
range of 29% to 36% for coho salmon fed commercial diets with similar phosphorus content
(range 1.1% to 1.3%). Similar research on rainbow trout estimated phosphorus retention at
50% (Flimlin et al. 2003). The average of these values, 39% phosphorous retention, was
assumed for the analysis presented herein. The effluent from the hatchery is expected to
undergo treatment prior to discharge to the Wenatchee River. For our purposes, we have
assumed a treatment efficiency of 50%, which is the minimal requirement for any treatment
system that will be designed for the system.

The phosphorus loads estimated for the month of September (see Table 8) were specified as a
point source in the QUAL-2K model. Other water quality parameters were set to the same
values as those used for LNFH in the Icicle Creek water quality model used in the WDOE
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TMDL analysis (Carroll et al 2006). This is appropriate because the level of treatment at
Dryden Hatchery is expected to be similar or better than what is being implemented at
LNFH. All other settings remained unchanged from the 7Q10 simulations in the WDOE
TMDL analysis (Carroll and Anderson 2009).

4.2.9.2 Model Predictions and Impact Analysis

Steady-state predictions for flow, TP, DO, pH, and temperature over the length of the
Wenatchee River are shown in Figures 8 through 12. Given the relatively small flows out of
the proposed Dryden Hatchery, mass balance modeling has shown that effluent from the
hatchery is unlikely to change flows and water quality significantly in the lower Wenatchee
River. Indeed, DO remains in compliance downstream of the hatchery discharge (Figure 10)
and the change in minimum DO meets the measurable change criterion laid out in state
standards (Figure 13; WAC 2006).

The model predicts that pH could exceed the upper limit of 8.5 units downstream of
Cashmere POTW discharge (Figure 11). After about RKM 60, there is little difference in the
model predictions with and without the proposed hatchery discharge. This suggests that the
pH excursion does not result from the hatchery loads, but is rather a consequence of the
Cashmere POTW loads. This interpretation is reinforced by the WDOE TMDL, which
acknowledges that Cashmere POTW discharge should release phosphorus at less than

90 pg/L to prevent pH excursion downstream of the city of Cashmere.

Appendix 7: Water Quality Impacts of Discharges November 2010
Mid-Columbia Coho Restoration Project 44 100595-01



Assessment of Impacts at Proposed Sites

Table 8
Estimation of effluent phosphorus loads for proposed hatchery at Dryden
Total Feed Rate Phosphorus Phosphorus Concentration (mg/1) Effluent
Number | Flow | Weight of (g feed/ Feed Rate’ Untreated After Phosphorus
Month | of Fish' | (m%/s) | Fish (kg) g fish/d) (g/d) Feed Effluent® Treatment” Load (g/d)
Mar 236703 0.010 106.5 2.9% 43.86 0.051 0.016 0.008 6.69
Apr 235135 | 0.015 190.5 2.8% 75.73 0.060 0.018 0.009 11.55
May 233578 | 0.020 315.3 2.7% 120.90 0.069 0.021 0.010 18.44
Jun 232031 0.028 511.6 2.6% 188.89 0.078 0.024 0.012 28.81
Jul 230495 | 0.033 663.8 2.6% 245.08 0.085 0.026 0.013 37.38
Aug 228968 | 0.041 906.7 2.5% 321.88 0.091 0.028 0.014 49.09
Sep 227452 | 0.060 1627.4 2.4% 554.62 0.106 0.032 0.016 84.58
Oct 225946 0.079 2420.8 2.2% 756.27 0.111 0.034 0.017 115.33
Nov 224449 0.089 2929.1 2.0% 831.85 0.108 0.033 0.016 126.86
Dec 112963 | 0.048 1626.7 1.9% 438.87 0.106 0.032 0.016 66.93
Jan 112215 0.049 1666.4 1.9% 449.59 0.107 0.033 0.016 68.56
Feb 111472 0.049 1705.5 1.9% 460.15 0.108 0.033 0.017 70.17
Mar 110733 0.052 1843.7 1.9% 497.43 0.111 0.034 0.017 75.86

Notes:

1 Numbers back-calculated to produce 220,000 smolts, and assuming mortality of 0.7 percent per month, with 110,000 fish removed in November and
the remaining 110,000 removed in March.

2 Skretting Nutra Fry diet contains 1.42 percent phosphorus by weight.

3 Assumes assimilation of 39 percent based on a highly digestible diet.

4  Assumes treatment efficiency of 50 percent.

mg/L

m®/s

kg

g feed/g fish/d
g/d

milligrams per liter

cubic meters per second

kilograms

grams of feed per gram of fish per day
grams per day
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In the vicinity of the hatchery as well as downstream of the Cashmere POTW, the difference
in the pH range marginally exceeds the measurable change criterion (by much less than

0.1 unit which is well below the limits of instrument accuracy—see Chapter 5 in

Appendix 6) and is well within the typical ranges encountered within a day (Figure 13).

Based on the analysis provided here, it is expected that the discharges from the Dryden
Hatchery will have minimal impacts on the water quality of the lower Wenatchee River
even under critical low-flow conditions.

4.2.10 George Hatchery

George Hatchery is being considered as an alternative to the Dryden Hatchery if the
operation of the latter is determined to be infeasible. Discharge from the hatchery will enter
the Wenatchee River 3 km downstream of the Lake Wenatchee outlet. Discharges from this
hatchery, if operated, will flow through a disconnected side channel for about a mile before
entering the Wenatchee River.

The hatchery is expected to be operated under the same conditions as Dryden. Therefore,
the QUAL-2K modeling approach taken to evaluate the discharge impacts was adopted here.
The impact of hatchery operation was evaluated for 7Q10 summer low flow conditions. The
only difference between this model setup and the one employed for Dryden is the location of
the discharge. The reader is referred to the previous section for details on the assumptions,
and phosphorus loading calculations.

The channel into which the discharge from the proposed hatchery will enter is vegetated
significantly and flows only during flood events. Therefore, it is unlikely that the hatchery
discharge will enter the Wenatchee River in its entirety during critical summer conditions
due to infiltration losses to the underlying aquifer. Also, significant amounts of nutrients
will be assimilated in the 20 acres of side channel habitat that exists between the hatchery
discharge and the river. However, for the purposes of this evaluation it is assumed that the
discharge will reach the Wenatchee River in its entirety without any assimilation of
phosphorus, and without any loss in flow. This is likely a substantial over estimate of the
loading to the Wenatchee River, but in the absence of additional information further
refinement was not possible and this conservative approach was adopted.

4.2.10.1 Model Predictions and Impact Analysis

Figures 14 through 18 show the simulated steady state flow, TP, DO, pH and temperature
respectively for the cases with and without the proposed hatchery. Changes to flow

(Figure 14) are minimal given the small quantity of flow expected from the discharge.
Phosphorus concentration (Figure 15) was predicted to increase downstream of the discharge
but the differences over natural conditions are imperceptible past Tumwater Dam. In the
same section of the river both dissolved oxygen (Figure 16) and pH (Figure 17) show
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significantly wider ranges compared to the natural condition predictions. Predicted
temperature range (Figure 18) showed negligible change over natural conditions simulation.

Figure 19 shows the difference over the maximum natural conditions simulation for the case
with the hatchery discharge. The differences in section of the river upstream of Tumwater
Dam are relatively higher, particularly between river kilometer 5 through 15 where the
changes are predicted to exceed the threshold for measurable change.

These differences can be explained from the context of the hatchery loading relative to the
background phosphorus load. The hatchery loading contribute to about 9% of the
background load in the upstream section. The relative contribution for the Dryden Hatchery
was calculated to be about 3% of the predicted background load immediately upstream of the
discharge. Thus, the higher background concentration downstream of the George Hatchery
discharge could produce a measurable change in DO and pH on a localized scale.

When viewed in light of the fact that a very conservative estimate was used for specifying
the load, the negligible impacts in the downstream reaches particularly in the TMDL domain
(i.e., downstream of the city of Leavenworth) where the water quality changes resulting
from the hatchery loads are imperceptible from the background condition simulation. Thus,
it is concluded that while localized impacts are possible due the proposed hatchery, impacts
farther downstream is unlikely.
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Figure 16
Dissolved oxygen concentrations simulated by QUAL-ZK model shown compared for cases with and without discharge
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Figure 17
pHs simulated by QUAL-2K model shown compared for cases with and without discharge
ANCHOR from George Hatchery
OEA === George Hatchary discharge was assumed o occur at rivar km 2 with an estimated inorganic phosphorus load of 42.5 gid

Phasphorus dizeharges fram Leavemvonth, Peshastin and Castimere POTW: asccured af design flow and 90 ugll concentration
Mirmimum and maximum values simulsted by the moda! are shown

Pl e T S v o,k Coof A Bkl s 0o phl a2k ek o v el T Bra 2 1300558 2000



Temperature (°C)

Geor Tumwater Leavenworth Peshastin Cashmere
Haichery m POTW POTYW
15 = T T I T T T T T T =T T T L T

= =  Without Halcﬁery
— With Hatchery

5 i i i | i i ' | i oy i | i i Ly l i
L1 20 40 Gl sl
Distance Irom Upstream (km)
Figure 18
Temperatures simulated by QUAL-2K model shown compared for cases with and without discharge
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Difference from natural conditions in range of pH and minimum dissolved oxygen at permissible POTW

ANCHOR loading with and without George Hatchery discharge

CIEA e Discharge was sssumed o accur at dver iim 3 with an eslimatsd inorganic phosphorus load of 42.5 gid

Phaspharus discharges from Leavanworth, Peshastin and Cashmera POTIWE cccured at design fow and 30 ug’l cancentration

PeA = Dol Raa S pewg s viaiane afien_Cohok! ode "Pooie poedeor phal o2k ras ovyden oo 7ol WEs 57 1 E1RSN0



Assessment of Impacts at Proposed Sites

4.3 Methow Subbasin Sites

The site-specific acclimation-related nutrient loads for the Methow sites were calculated
using an approach similar to that of the Wenatchee sites. Loads estimated from measured
data at active acclimation sites in Nason Creek (see Table 5) were used for this analysis. The
TP loads estimated for the proposed sites in the Methow subbasin are shown in Table 9.

The Methow subbasin was not sampled at the same spatial and temporal resolutions as the
Wenatchee subbasin. Historical information on phosphorus concentrations for the
acclimation months was limited. Therefore, the evaluations performed here are based on the
potential for the acclimation-related TP loads dominating the background conditions as
determined by a comparison to the impacts assessed for the Wenatchee subbasin. This
method is possible because the characteristics of the Wenatchee and Methow subbasins are
comparable (see Section 5.1.2 for a detailed discussion of the similarities).

4.3.1 Methow River Mainstem
4.3.1.1 Goatwall

This is the most upstream site proposed that would discharge directly into the Methow
River. For the relatively small number of smolts (50,000) acclimated, the TP loading to the
Methow River is expected to be about 16 g/d. The average flow from 1990 through 2010 for
the months of March through May in this section of the Methow River (USGSG Gage
12447383, Methow River near Goat Creek) is about 900 cfs, which is comparable to the flow
at the mouth of the White River in the Wenatchee subbasin (WDOE Station 45K090, March
through May average from 2003 through 2010 is about 1,000 cfs). Given the predominantly
forested nature of the upper portions of the Wenatchee and Methow subbasins, the
background phosphorus concentrations are likely to be similar. It was shown that a TP load
of up to 35 g/d (see Table 6) from individual acclimation-related discharges in the White
River will only comprise a very small fraction (less than a fifth of a percent) of the
background load. Given the similarity in the flows and land type between the two
watersheds, the impacts are expected to be similarly negligible in this reach of the Methow
River due to discharges from this site.

4.3.1.2 Heath

About 200,000 smolts are expected to be acclimated in a large pond at the proposed Heath
acclimation site. The TP loads from this site are estimated to be four times that of Goatwall
at about 64 g/d. This site is located upstream of the city of Winthrop in the same section of
the river as Goatwall (although farther downstream). Therefore, the assessment applied for
Goatwall can be extended here. Even though the load is higher, this is comparable in
magnitude to the largest load expected for the White River sites. By extending the reasoning
from Goatwall, the impacts are expected to be similarly negligible.
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Assessment of Impacts at Proposed Sites

4.3.1.3 Winthrop National Fish Hatchery (WNFH)

This is a public hatchery and discharges from this site are covered by a discharge permit.

The loads from acclimation activity are expected to be about 32 g/d. Some level of treatment
of the discharge that is associated with hatchery operations is expected. Thus, the loads from
this site will be even smaller. Therefore, potential impacts related to acclimation activity are
expected to be negligible.

4.3.2 Chewuch River
4.3.2.1 Methow State Wildlife Area (MSWA)

The MSWA site is the most upstream proposed site on the Chewuch River, located in a side
channel above the confluence with Eight Mile Creek. About 87,500 smolts are proposed to
be acclimated, for which the estimated TP load to the system is 28 g/d. The watershed for
the Chewuch is similar to the upper portions of the Methow River (predominantly forested
with very little anthropogenic influence). Thus, a similar approach as that used for the upper
Methow sites (Goatwall and Heath) was used here. The long-term (1991 through 2010)
average flow for March through May reported at the USGS Gage in Winthrop (Chewuch at
Winthrop, USGS Gage 12448000) is about 700 cfs, which is lower than but comparable to the
upper Methow River flows. Given the similarity in the subbasin characteristics, background
loads, and acclimation-related nutrient loads, water quality impacts from acclimation activity
are expected to negligible.

4.3.2.2 Mason

Discharges from this proposed site enter the Chewuch River through Eight Mile Creek. The
number of smolts proposed to be acclimated at this site is identical to MSWA. Given its
proximity to MSWA and the similarity in in-stream conditions, impacts are expected to be
similar to MSWA.

4.3.2.3 Pete Creek Pond

Approximately 125,000 smolts are expected to be acclimated at this site, corresponding to a
TP load of 40 g/d. This site is proposed on the lower Chewuch River where the watershed
and background loads will be comparable to the other two Chewuch River sites. While the
acclimation-related loads are expected to be higher (by 40% compared to MSWA) due to the
greater number of fish acclimated, the background loads in the Chewuch River will be much
higher. Moreover, this site is located closer to the confluence with the Methow River,
thereby providing greater dilution of any phosphorus loading that is transported farther
downstream. Given these factors, acclimation activity-related impacts on the receiving
stream are expected to be negligible.

Appendix 7: Water Quality Impacts of Discharges November 2010
Mid-Columbia Coho Restoration Project 61 100595-01



Table 9
TP loads estimated for proposed acclimation activity in the Methow Subbasin

# of Fish TP Load® Receiving

Proposed Site | (thousands) (kg/d) Stream
Goat Wall 50 0.016 Methow
Heath 200 0.064 Methow
Winthrop NFH 100 0.032 Methow
MSWA 87.5 0.028 Chewuch
Mason 87.5 0.028 Chewuch
Pete Creek Pond 125 0.040 Chewuch
Lincoln 110 0.035 Twisp
Twisp Weir 110 0.035 Twisp
Lower Twisp 30 0.01 Twisp
Parmley 50 0.016 Beaver
Gold 50 0.016 Gold

Notes:

1. Estimated from average load of 0.32 mg per fish per day calculated from measured data at active
discharges in Nason Creek.

kg/d kilograms per day

4.3.3 Twisp River
4.3.3.1 Lincoln

This site is the most upstream among the proposed sites on the Twisp River. The TP load in
the discharge associated with the proposed acclimation of 110,000 smolts is expected to be

about 35 g/d.

The primary anthropogenic influence in the Twisp River occurs near the city of Twisp,
which is at the confluence of the Twisp and Methow rivers. Thus, much of the Twisp River
watershed is forested, which is similar to the upper section of the Methow River and the
Chewuch River. Therefore, background phosphorus concentrations in the Twisp River will
likely be similar. The Twisp River flows are smaller than those in the upper Methow River
and Chewuch River (average flow at the USGS Gage 12448998 on the Twisp River near the
city of Twisp for March through May in 1990 through 2010 is about 440 cfs). Therefore,
background loads in the Twisp River will be smaller, and the acclimation-related loads can
be a larger proportion of the background loads than what will be encountered in the
Chewuch River and upper Methow River sites. Even if the proportion is double what is
expected at the upper Methow River and Chewuch River sites, it is still expected be a small
fraction of the background conditions (see proportions calculated for the upper Wenatchee
River sites in Table 6 for an order of magnitude estimate). Impacts on the receiving stream
are therefore expected to be negligible.

Appendix 7: Water Quality Impacts of Discharges November 2010
Mid-Columbia Coho Restoration Project 62 100595-01



Evaluation of Combined and Cumulative Impacts

4.3.3.2 Twisp Weir

This site is the located approximately midway between the Lincoln site and the confluence
of the Twisp River with the Methow. As with Lincoln, the TP load in the discharge
associated with the proposed acclimation of 110,000 smolts is expected to be about 35 g/d.
Given the similar in-stream conditions to the Lincoln site and the same number of fish being
proposed, impacts resulting from the Twisp Weir site are expected to be negligible.

4.3.3.3 Lower Twisp

The Lower Twisp proposed acclimation site is located close to the Twisp River confluence
with the Methow River. For the 30,000 fish proposed at this site the acclimation-related TP
loads are expected to be less than 10 g/d. Given the Lower Twisp River site’s proximity to
the Methow River, greater dilution of the TP load can be expected downstream of the
confluence. Therefore, impacts for this site will likely be lower than for the Lincoln site.

4.3.4 Beaver Creek — Parmley

The Parmley site is expected to be used for acclimating 50,000 smolts. The TP load
associated with this site is an estimated 16 g/d. Beaver Creek is smaller than the other
streams considered thus far; however, the number of fish proposed for acclimation at this site
is proportionally smaller. Consequently, the nutrient loading that could occur as a result of
acclimation at this site is also expected to be smaller than the other sites discussed thus far.
Impacts are therefore likely to be negligible. A more definitive evaluation was not possible
due to the lack of sufficient data for calculating background loads in the creek.

4.3.5 Gold Creek — Gold

This proposed site is located in the lower Methow subbasin. About 50,000 smolts are
expected to be acclimated here, with a corresponding TP load of about 16 g/d to Gold Creek.
Gold Creek is similar in size to Beaver Creek. Also, because this is the only acclimation site
proposed on Gold Creek with the same number of fish as proposed for the Parmley site on
Beaver Creek, localized impacts are expected to be similarly negligible.

4.3.6 Back-up Acclimation Sites

Five backup sites are proposed for the Methow subbasin. The TP loads estimated for these
sites are presented in Table 10 and discussed in the following sections.

4.3.6.1 Chewuch Acclimation Facility

This is an existing acclimation facility proposed for expansion under this project in case other
sites on the Chewuch River are not developed. About 125,000 smolts will be acclimated in
the proposed site. The TP loads associated with this activity are expected to be about 40 g/d.
The assessments from the other Chewuch River sites can be extended here due to the
similarity in location and number of fish. Impacts are expected to be negligible.
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Evaluation of Combined and Cumulative Impacts

4.3.6.2 Methow Salmon Recovery Foundation (MSRF)

The number of fish proposed for acclimation at the MSRF site is the same as proposed for the
Chewuch Acclimation Facility (about 125,000). Given the site’s proximity to the confluence
with the Methow River and the similarity in the magnitude of the estimated TP loads to the
other Chewuch sites for which localized impacts were expected to be negligible, localized
impacts on the Chewuch River due to TP loading from this site are expected to be negligible.

4.3.6.3 Biddle

This acclimation site is located on Wolf Creek. About 16 g/d of TP is expected to be
discharged due to the proposed acclimation of about 50,000 smolts. Given that this is the
only site on a relatively small creek, the impacts are likely to be similar to those estimated for
the Parmley and Gold Creek sites. A detailed evaluation of localized impacts associated with
this proposed site was precluded by a paucity of data.

4.3.6.4 Canyon

This is the most upstream of the proposed back-up acclimation sites on the Twisp River. For
the 83,000 smolts proposed to be acclimated here, the TP loads are expected to be about

27 g/d. The number of fish proposed is less than Lincoln and Twisp Weir (the two primary
sites) on the Twisp River. Following the discussion for the larger primary sites

(Section 4.3.3) the arguments for negligible impact from those sites can be extended here.

4.3.6.5 Utley

The Utley site is proposed with the same number of smolts downstream of the Canyon site.
The TP loads and the impacts are expected to be similar.

Table 10
TP loads estimated for backup sites in the Methow Subbasin
No. of Fish TP Load® Receiving
Proposed Site (thousands) (kg/d) Stream
Chewuch A.F. 125 0.040 Chewuch
MSRF 125 0.040 Chewuch
Biddle 50 0.016 Wolf
Canyon 83 0.027 Twisp
Utley 83 0.027 Twisp
Newby 83 0.027 Twisp
Poorman 83 0.027 Twisp
Balky Hill 50 0.016 Beaver

Notes:
1. Estimated from average load of 0.32 mg per fish per day calculated from measured data at active
discharges in Nason Creek.

kg/d kilograms per day
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4.3.6.6 Newby

The Newby site is proposed with the same number of smolts downstream of the Canyon and
Utley sites. The TP loads and the impacts are expected to be similar to the other two sites.

4.3.6.7 Poorman

This proposed acclimation site is located farthest downstream of all back-up sites on the
Twisp River. Given its proposed location on the Twisp River and the identical number of
fish to the other Twisp sites, the arguments for negligible impact from those sites can be
extended here.

4.3.6.8  Balky Hill

This site is located in Beaver Creek, and impacts are expected to be similar to those at the
Biddle and Parmley sites. As with the Biddle site, due to lack of sufficient data, a detailed
evaluation of localized impacts was not possible.

5 EVALUATION OF COMBINED AND CUMULATIVE IMPACTS

The assessments provided in the previous sections have indicated that water quality impacts
from the individual sites are likely to be negligible because they would not result in a
measurable change in the DO and pH levels in the receiving water. In addition to the
assessment of the impacts from the individual sites, the combined and cumulative impacts on
the water quality of the Wenatchee and Methow rivers required assessment. For the
purposes of this assessment, combined and cumulative impacts were defined as follows:

o Combined impacts are the water quality impacts, specifically pH, DO, and
temperature excursions, that lead to measurable change, as defined in Section 2.2, in
the Wenatchee and Methow subbasins based on all the discharges proposed in this
project at each subbasin without the influence of any other anthropogenic sources.
Back-up sites are not included as they will be used only as replacements for the
primary proposed sites.

e Cumulative impacts are the combined water quality impacts under the condition that
all anthropogenic and natural influences are simultaneously considered while
evaluating the discharges proposed in this project.

5.1 Approach

The approach for evaluation of combined and cumulative impacts differed between the two
subbasins because a calibrated water quality model was readily available for the Wenatchee
River, but such a model was not available for the Methow River. Development of such a
model for the Methow would require a great deal of focused data collection, which was
beyond the scope of this assessment. Thus, a more simplistic approach, as discussed in the
following sections, was adopted for the Methow.
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Evaluation of Combined and Cumulative Impacts

5.1.1 Wenatchee Subbasin

The mass balance model developed by WDOE for the purpose of establishing load allocations
(Carroll et al. 2006; Carroll and Anderson 2009) was applied to assess both the combined and
cumulative impact evaluations for the Wenatchee River (hereafter referred to as the lower
Wenatchee subbasin). The portion of the Wenatchee subbasin composed of Lake Wenatchee
and its tributaries, the White River and the Little Wenatchee River (hereafter referred to as
the upper Wenatchee subbasin) was evaluated based on mass balance analyses using existing
water quality and flow data as discussed below.

5.1.2 Methow Subbasin

A rigorous mass balance model, such as the one developed by WDOE for the Wenatchee
subbasin, was not undertaken for the Methow subbasin due to the paucity of data for model
development and calibration. The evaluation for the Methow subbasin applied existing data.
Loads estimated for the Methow were compared to the trends simulated using the QUAL-2K
model for the Wenatchee subbasin and results and conclusions from the Wenatchee subbasin
were used to inform the assessment of impacts in the Methow subbasin.

Important subbasin characteristics that affect in-stream conditions including water quality
and quantity are shown compared for the two subbasins in Table 11. Both watersheds are
predominantly forested. Both have the high peaks of the Cascade Mountains that contribute
the majority of flows through snowmelt in spring. In both subbasins, much of the
precipitation occurs during the months of October through March, and this precipitation is
predominantly in the form of snow (Andonaegui 2001; Konrad et al. 2003).

Table 11
Comparison of Methow and Wenatchee subbasins
Attribute Methow Wenatchee
Area (sq.mi.) 1,825 1,333
Elevation Range (ft) 800 (near Pateros) to 8,500 610 (near Wenatchee) to 5,000
(Cascade Crest) (Cascade Crest)

Annual Precipitation (inches) 10 (Pateros) to 80 (Cascade Crest) | 8.5 (Wenatchee) to 150 (Cascade
Crest)

Predominant Form of Precipitation | Snow Snow

Predominant Land Type Forest (about 87%) Forest (about 70%)

Data Sources: KWA Ecological Sciences Inc. et al. 2004; Andonaegui 2000; Andonaegui 2001
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Evaluation of Combined and Cumulative Impacts

Table 11 shows that the Methow subbasin is somewhat drier (even though it is larger in
terms of area) than the Wenatchee subbasin. This is evident in the long-term flows shown
in Figure 20 where the Wenatchee River flows are higher. Notwithstanding these
differences, the flow patterns in Figure 20 are consistent between the two subbasins with
coincident peak and dry flow periods. This indicates that flow-driven processes such as
mobilization of particulates, dilution of nutrients, in-stream re-aeration, and habitat
conditions for attached algae are likely to be similar between the two subbasins. Moreover, a
majority of the watershed is forested for both subbasins, with minimal anthropogenic
influence. The populations within the Methow and Wenatchee subbasins, excluding the city
of Wenatchee, are similar, at around 5,000 based on the census from the year 2000. The city
of Wenatchee is at the confluence of the Wenatchee and Columbia rivers. Nutrient loads
from the city’s sources do not pose any water quality concerns for the Wenatchee River.

Based on this discussion, it is evident that the similarities between the two subbasins provide
some justification for using the evaluation for the Wenatchee subbasin to inform the
assessment performed for the Methow subbasin.

5.2 Conservative Assumptions to Determine Reasonably Maximum Impacts

As described in Section 4, local impacts in the vicinity of the discharges are not expected to
adversely impact water quality. The objective of the mass balance modeling was to assess
potential combined and cumulative water quality impacts imposed by the proposed project
in the most critical areas of the Wenatchee River (i.e., below the City of Leavenworth).

To achieve this objective, several assumptions were made to determine the reasonable
maximum impact in the lower Wenatchee River:

1. March was chosen as the critical period for evaluation. All the proposed acclimation
sites would be operational at this time. Flows later in the spring increase
significantly, diluting nutrient loads and scour attached algae from the system.
Approximately half the sites may be operated through the winter but due to the
smaller number of fish being acclimated, low water temperatures, and low feed rates,
water quality impacts in winter are expected to be lower than during March.

2. Flows in March were specified as the 7Q10 summer low flow calculated by WDOE
for the TMDL evaluation (typically, March flows are somewhat higher).

3. Phosphorus discharged due to acclimation activity was considered to be 100%
bioavailable (i.e., phosphorus discharges are all in the orthophosphate form such that
they can be readily taken up by algae during photosynthesis).

4. Phosphorus released from the acclimation ponds enters the Wenatchee River without
undergoing any change while being transported through the receiving stream
(i.e., there is no assimilation of phosphorus prior to reaching the Wenatchee River).
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This bounding assumption ensures that the entire phosphorus load discharged from
the ponds reaches the Wenatchee River.

5. Average phosphorus loads from the proposed acclimation ponds that were developed
based on the data collected from the active ponds in Nason Creek from late March
through early May are applicable in March. The implication of this assumption is
that fish feed rates in March reflect the overall average feed rate. However, feed rates
are typically highest immediately before release, which occurs in the beginning of
May, and lowest in March when the smolts are smaller.

The assumption that the loadings occur under extreme low-flow conditions maximizes any
potential impacts the discharges may have on water quality because the effect of dilution in
the receiving water is minimal under these conditions (i.e., this will manifest the highest
possible concentration in the receiving water). The other assumptions provide an upper
bound estimate of bioavailable phosphorus loads from the discharge location to the lower
Wenatchee River. Combined, these assumptions provide an upper bound on the potential
impacts that acclimation activity may have in the lower Wenatchee River. If river water
quality is protected under these extreme conditions, then it provides a level of confidence
that the water quality of the Wenatchee River will be fully protected under the proposed
project.

5.3 Assessment of Combined Impacts
5.3.1 Upper Wenatchee Subbasin — Lake Wenatchee

Lake Wenatchee is a deep water lake (maximum depth of nearly 100 feet) that is fed by the
Little Wenatchee River and the White River and discharges to the Wenatchee River. Four
of the proposed acclimation sites discharge to this receiving water system. These include the
Two Rivers site in the Little Wenatchee River and the Tall Timber, Gray, and Dirty Face
sites in the White River.

Given the relatively large size of the lake and its associated long hydraulic retention period,
it is unlikely that loads entering the lake will reach the Wenatchee River directly; instead,
they are likely to be cycled within the lake. Therefore, the water quality impact of concern
within the upper Wenatchee subbasin is Lake Wenatchee proper. The approach adopted
here was to perform a mass balance analysis for phosphorus for the lake based on tributary
flows and measured TP concentrations.

Flows estimated for the upper Wenatchee subbasin are shown in Figure 21. Flows for the
outlet were estimated based on simple flow balance of gauged flows at the mouth of Nason
Creek, the Wenatchee River at Plain, and the mouth of the Chiwawa River. TP data for
Lake Wenatchee, the White River, and the Little Wenatchee River were based on Grant and
Chelan PUD monitoring programs (Grant PUD 2009; Chelan PUD 2009 — unpublished data).
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In addition, for the White and Little Wenatchee rivers, data collected under the project
described herein were applied to construct the mass balance.

Figure 22 shows the estimated TP loads for the upper Wenatchee subbasin including the
loads at the mouth of Lake Wenatchee. A comparison of flows in conjunction with the TP
data shows a clear correlation—higher flows mobilize more phosphorus in the system. The
data suggest that TP concentrations in the White River can be high (up to 50 pg/L), while
background levels in the Little Wenatchee River did not reach such levels in 2009.

Figure 23 shows the estimated cumulative monthly TP loads that entered and exited the lake
in 2009. The differences between the loads brought in by the inflows and the loads leaving
the lake are shown in the bottom panel. As expected, the data suggest that the lake acts as a
net sink of phosphorus loading from the tributaries. The lake is known to be oligotrophic
and the tributaries that contribute to the lake are in forested watersheds with little to no
anthropogenic influence. The TP loads brought in are typically associated with high flows
(see Figures 21 and 22); much of it is from watershed and snowmelt runoff from forested
lands (Chelan County and Yakama Nation 2004), which typically do not have readily
bioavailable forms of phosphorus. The TP load entering the lake is therefore most likely
dominated by non-reactive particulate forms. These likely settle upon reaching the lake.
The lake thus buffers the upstream phosphorus loads and transmits only a fraction of the
upstream loads to the Wenatchee River.

To estimate the combined impact of the four proposed locations, the total phosphorus loads
anticipated from acclimation activity were calculated based on the proposed number of coho
to be acclimated. Table 12 shows the relative contribution of the loads from combined
acclimation activity in the White River and the Little Wenatchee River. In 2009, these loads
were estimated to contribute less than 0.25% of the total background loads that entered the
lake over the acclimation period (March through May) from these two tributaries. This
calculation does not account for in-stream assimilation, which, if considered, would further
reduce the relative contribution from acclimation activity.

Table 12
Estimated relative contribution of TP loads from 50 days of acclimation activity in upper
Wenatchee sites

No. of TP Loading from TP Load In Contribution
Location Fish Acclimation® (kg) System?’ (kg) to Total
Little Wenatchee River | 120,000 1.92 604.50 0.32%
White River 160,000 2.56 1242.86 0.21%

Notes:

1. Uses an estimate of 0.32 mg/d/fish derived from active sites in Nason Creek, see Table 5
2. Loads calculated using 2009 flows and TP measurements from 3/23/2009 to 5/10/2009
kg kilograms
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Evaluation of Combined and Cumulative Impacts

Based on this analysis, the proposed acclimation activity in the upper Wenatchee subbasin
will produce TP loads that are sufficiently low as to not produce a measurable impact on the
water quality of the tributaries and Lake Wenatchee.
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Evaluation of Combined and Cumulative Impacts

5.3.2 Lower Wenatchee Subbasin — Wenatchee River

5321 Approach for Adopting WDOE’s Model

The WDOE TMDL model that was used to determine the Wenatchee River and Icicle Creek
phosphorus load allocations (Carroll and Anderson 2009) was applied with minimal changes
to assess the potential impacts of the proposed acclimation sites on water quality within the
lower Wenatchee subbasin. Changes to the model focused on representing boundary
conditions for the month of March. As discussed in Section 5.1, 7Q10 low-flow conditions
were used for headwater and all tributaries without modification from the WDOE TMDL
model. The simulation was setup to represent March 23 (near the spring equinox), so that
photoperiod was approximately equal to that used by WDOE for development of the TMDL
which simulated the autumnal equinox period (September 23). Model parameters

(e.g., reaction rates, stoichiometric coefficients, etc.) remained unchanged from those applied
by the WDOE for the TMDL. Finally, nutrient loads, with the exception of those pointed
out in the subsequent sections, were applied unchanged.

Forcing functions applied to the model reflected climatic conditions for the month of March.
Long-term March air temperature readings were obtained from National Ocean and
Atmospheric Agency’s (NOAA’s) meteorological station in Leavenworth, Washington. Based
on the daily minimum and maximum temperatures recorded for the month of March, a
sinusoidal function was developed to capture the diurnal variations (see Figure 24). This
function was assumed to be representative of the entire domain from the mouth of Lake
Wenatchee to the confluence with the Columbia River. A similar approach was adopted in
the WDOE TMDL model. Dew point temperature was estimated from the temperature
function in Figure 24, and the relative humidity values were estimated from the WDOE
TMDL model. This approach was adopted due to a lack of dew point temperature data for
the month of March.

Water temperature is also significantly colder in March compared to summer conditions. A
temperature function was developed for the headwater to encompass the range of
temperatures measured at the mouth of Lake Wenatchee and in the Wenatchee River in the
month of March (see Figure 25).

Appendix 7: Water Quality Impacts of Discharges November 2010
Mid-Columbia Coho Restoration Project 75 090595-01



16

14

. /N
/ \

Temperature (°C)
Ca
/

5 \5'/ 10 15 20 25

Time of Day {hours)
Figure 24
ANCHOR Air temperature function for QUAL-2K model
QEA &£ Discharge Evaluation Appendix

Mid-Columbia Coho Restoration Project



? =
& A
g5 :
-‘;- //—\
5 4 _/
" -»
T 3 \-""-——
£
2 &
1
o .
I} 5 10 15 20 25
Time of Day (haurs)
# Grant PUD Data (3/23/2009) A YatamaMation (3,23,/2010})
— Headwater Temperatore Function
15.0 -
. 148
T 140
E j4s
3 130
& 13
g 120 e
2 115 =
2 110
@ 105
100 - . - : : .
] E 10 15 20 25
Time of Day {hours)
# Grant PUD Data (3 /23/2009) < Yakama Mation Data (3/23/2010)
D0 Function at Headwater
Figure 25
Water temperature and dissolved oxygen functions specified at the mouth of Lake Wenatchee
for the QUAL-2K model for March conditions
ANCHOR Discharge Evaluation Appendix
[ & & &g . . . .
QEA &2 Mid-Columbia Coho Restoration Project

\\SF-PMUGUNTHAN\AQ\Jobs\SeaSprings\Yakama_Nation_Coho\Model\Combined\Inputs\Temperature_and_DO_for_tribs_and_point_Sources.xlsx



Evaluation of Combined and Cumulative Impacts

Temperatures for tributaries and groundwater inflows for the month of March were
estimated using the headwater temperature and the ratio of respective tributary/groundwater
source temperature to the headwater temperature available in the WDOE TMDL model.

DO was assumed to be at saturation for the headwater and all other inflows. It was estimated
from the water temperature and river elevation. Figure 25 shows the DO function specified
in the QUAL-2K model at the mouth of Lake Wenatchee along with observations from
March 2009 and 2010.

5.3.2.2 Determination of Background Conditions in March

Due to the differences in some of the boundary conditions as described previously, the upper
bound in natural conditions developed for the summer period as represented in the WDOE
TMDL model cannot be used as the basis for evaluation of potential impacts of the
acclimation sites. Hence, new background water quality conditions were established by
simulating the model with the changes described above, but without introducing any loads
from the proposed acclimation sites. The term “background conditions” is used to describe
this simulation, rather than WDOE’s terminology of “maximum natural conditions,” to
emphasize that the conditions simulated here are representative of critical conditions
expected to occur in March during operation of the acclimation ponds and not the summer
critical period in the TMDL evaluation.

Figure 26 compares the differences in summer (WDOE TMDL) and March background
simulations. Model results indicated that temperature is the primary driver of water quality
in March. DO levels generally reflected saturation conditions for the range of water
temperatures simulated in March. Diurnal pH variations were generally smaller in March,
likely a result of depressed biological activity and temperature (higher water temperature
stimulates biological activity and reduces the solubility of carbon dioxide and oxygen). TP
variations were similar between the two periods, with the summer model showing slightly
lower TP in the lower reaches which correlated well with bottom algae levels (not shown)
and suggests stimulated biological activity in summer (and hence higher use of phosphorus).
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Evaluation of Combined and Cumulative Impacts

5.3.2.3 Estimation of Nutrient Loads for Assessing Combined Impacts

To assess the combined impacts, TP loads were estimated for the active sites (Table 5) and
proposed sites (Table 6). Dryden Hatchery inputs determined for the month of March (see
Table 8) were also used. The estimated TP loads from the discharges were included with the
background orthophosphate load in the model. The final orthophosphate concentrations
were calculated using the flows used in the model and the combined load estimate. The
calculations are summarized in Table 13.

Even though a separate analysis was presented in Section 5.2.1 for upper Wenatchee
subbasin sites in White River and Little Wenatchee River, and given that Lake Wenatchee
will buffer TP loads originating from the upper subbasin sites, discharges from these sites
were represented in the model as being 100% available at the outlet of Lake Wenatchee.
Hence, these assumptions provide an upper bound estimate of the potential impacts in the
Wenatchee River. As with the background conditions simulation, nutrient inputs from
POTWs were not considered (see the introduction in Section 5 for definition of combined
impacts). Other model inputs remained unchanged from the March background conditions
simulation. As pointed out in Section 5.1, phosphorus loads were represented in the model
as being available for biological uptake and were assumed to discharge to the Wenatchee
River proper without any assimilation in the receiving tributary.

5.3.24 Model Predictions

Figure 27 presents model-predicted flows as compared to March background conditions.
Differences in flow between the two simulations were imperceptible because acclimation-
related inflows were predominantly derived from natural inputs that contribute to the
Wenatchee system under background conditions. Moreover, Dryden Hatchery inflows were
relatively too minor to substantially alter flows in the system.
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Evaluation of Combined and Cumulative Impacts

Table 13
Estimation of inorganic phosphorus concentration for acclimation impacted point sources in the Wenatchee subbasin
Natural Conditions Combined
Orthophosphate? Orthophosphate
phosp TP Load due phosp
River Flow | Concentration | Load | toAcclimation | Load Concentration
Source’ Station ID | Kilometer | (m®/s) (ng/L) (g/d) | Activity (g/d) (g/d) (ng/L)
Upper Wenatchee Subbasin Loads® -- 0 4.616 1.50 598.2 89.6 687.8 1.72
Nason Creek Sites” 45NC00.7 0.5 0.655 455 257.4 67.2 324.6 5.74
Chiwawa Sites 45CW00.5 9.1 2.039 3.90 687.0 112.0 799.0 4,54
Beaver 45BC00.1 12.2 0.051 4.70 20.8 32.0 52.8 11.92
LNFH - Icicle Creek 451C00.1 45.9 1.214 4.70 492.9 32.0 524.9 5.01
Chumstick 45CS00.1 49.4 0.066 4.70 26.9 20.8 47.7 8.33
Dryden® - 59.0 0.010 - - 6.7 6.7 7.74
Brender 45BR00.1 70.8 0.187 4.70 75.9 16.0 91.9 5.69
Notes:
1. See Table 6 for a list of proposed sites in the Wenatchee subbasin and the estimated TP loads from these sites.
2. Loads estimated from flows and concentrations specified for natural conditions QUAL-2K model simulation in WDOE TMDL (Carroll and
Anderson 2009).
3. Loads from the White and Little Wenatchee River sites were assumed to enter the Wenatchee River at the mouth of Lake Wenatchee.
4. Includes loads from the Coulter site in addition to Rohlfing and Butcher ponds (see Table 2 in Appendix 2 for number of fish at each site).
5. Estimated TP loads from proposed Dryden Hatchery for the month of March (see Table 8).
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Evaluation of Combined and Cumulative Impacts

TP predictions for combined impacts are presented and compared to background conditions
in Figure 28. TP is higher in the upper reaches (upstream of Leavenworth) and declines
steadily after an initial increase. The increase in the first 10 kilometers of the river reflects
inputs from the Nason Creek, the upper Wenatchee subbasin, and the Chiwawa River sites.
Much of the phosphorus appears to be assimilated around RKM 27, which is upstream of
Tumwater Canyon. In this stream reach, lower simulated flows provide habitat for bottom
algae whose growth was elevated relative to the simulated values for background conditions
in this reach.

Differences in the range of DO simulated with and without the project-related loads are
negligible (see Figures 29 and 32; the maximum difference is less than 0.1 mg/L). The daily
minimum DO is well above the water quality threshold for DO. These results indicate that
in the absence of other nutrient sources, the project alone is not expected to adversely impact
DO resources within the Wenatchee River.

The range of pH with the project is generally equal to the range simulated for the natural
conditions (Figure 30). At approximately RKM 27, the upper bound of the pH appears to be
somewhat higher than the pH simulated for background conditions. This is a consequence of
the higher algal levels simulated in this reach over background conditions, as discussed
above.

Finally, there is no appreciable difference in the range of the temperature simulated with and
without the project loads (Figure 31).
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Evaluation of Combined and Cumulative Impacts

5.3.2.5 Determination of Significance of Impacts

The measurable change criterion defined in Section 2.2 was applied as the basis for assessing
the QUAL-2K model outputs and determining potential water quality impacts of the
proposed project. The difference in the range of pH evaluated against the measurable change
criterion of 0.1 unit is presented in Figure 32. The model simulations are generally well
below the criterion. The minor increase in the difference in range near RKM 27 can be
attributed to induced biological activity associated with project loads. Nonetheless, these
increases were well below the criterion. Moreover, Figure 32 also shows that the DO
concentrations simulated by the model do not produce any deficit that exceeds 0.2 mg/L.
The only deviation from the background conditions appears to be at RKM 27 and is
associated with algal activity.

The spatial differences in TP, DO, and pH simulated by the model with and without the
loads from the proposed project show that the majority of the phosphorus load from the
project enters in the upstream reaches and much of it is assimilated in the Wenatchee River
prior to entry into the lower reaches (below the city of Leavenworth). Collectively, these
results indicate that even under the extreme flow and extreme project-related loading
conditions simulated here, the proposed project will not adversely impact water quality. The
model simulations presented herein have demonstrated that the maximum predicted impact
from the proposed project, including discharges from the proposed hatchery at Dryden, is so
small as to be undetectable.

5.3.3 Methow Subbasin

The sparsely populated Methow subbasin® has very little anthropogenic impacts upstream of
the city of Winthrop (Ely 2003). Even between Winthrop and Pateros, the subbasin is
sparsely populated3. Konrad et al. (2003) concluded, based on an analysis of water quality
data collected throughout the subbasin, that anthropogenic impact is generally low. The
major anthropogenic sources within the subbasin are the Twisp and Winthrop POTWs and
WNFH.

Figure 33 shows TP loads calculated at the city of Pateros for the months of March, April,
and May, and the overall average loads for this period based on data collected by WDOE
from 2005 to 2009. These TP loads represent the cumulative loads from the entire subbasin.
As with the Wenatchee subbasin, the loads generally followed the flow (compare to

Figure 20) with peaks in May that were much larger than March and April. The average TP
load over the 3-month period was estimated at approximately 36 kg/d.

3 Population of less than 5000, based on 2000 census.
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Evaluation of Combined and Cumulative Impacts

In order to estimate the combined impact of the proposed project, the TP loads from POTWs
were separated out of the overall loads to provide an estimate of background conditions.
Based on discharge monitoring reports (DMR), the average daily loads from the POTWs
were estimated and subtracted out of the average loads calculated for the Methow River at
Pateros. A DMR was not available for WNFH. Thus, the loads from this facility could not be
differentiated.

Acclimation activity may contribute about 0.9% of the average background loads (Table 14).
Noting that loads from WNFH and other minor point sources were not included, this is
likely an underestimate of the relative contribution of the acclimation activity loads.

There is some incongruence in the overall analysis because DMR data from fall were used for
estimation of the loads due to lack of data for spring periods. Loads from municipal POTWs
generally do not show strong seasonal variability. Moreover, subbasin flows in October
through February are generally comparable to flows in early spring (see Figure 20). Thus,
loads estimated for POTW presented herein, while seemingly inexact, are meaningful for the
analysis performed.

In order to determine the veracity of the calculations for Methow subbasin, a similar loading
calculation was performed for the Wenatchee subbasin (see Table 15), where point source
discharge data were available for spring, and a comparison between the two subbasins was
performed. Major point source loads were estimated for April 2003 based on point source
measurements reported in WDOE TMDL appendices (Carroll et al. 2006). TP loads were
estimated for the Wenatchee subbasin based on paired flow and TP measurements for the
WDOE station at Wenatchee for the month of April 2003. An estimate of the background
loads for the Wenatchee subbasin was obtained by subtracting the major point source loads
from the subbasin loads (Table 15). Once the anthropogenic influences were subtracted from
the loads, the background load at the downstream reaches of either subbasin is comparable
(about 35 kg/d for Wenatchee and 39 kg/d for Methow).

The relative contribution for the Wenatchee subbasin sites relative to the background load is
approximately 1.5%. This is higher than the Methow subbasin estimate of 0.9%. This
difference is expected because a larger number of fish are proposed for acclimation in the
Wenatchee subbasin (about 1.155 million versus 1 million in Methow) and because of the
contribution of TP loads from the proposed year-round rearing activities at the Dryden
Hatchery in the Wenatchee subbasin.
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Evaluation of Combined and Cumulative Impacts

Table 14

TP loads estimated for the Methow subbasin with and without POTW loads

Source TP Load (kg/d)
Methow River at Pateros’ 39.20
Twisp POTW? 1.30
Winthrop POTW? 0.58
Estimated Background Load 37.31
Acclimation Activity Loads” 0.32

Notes:

1. Average over March - May calculated from paired TP and flow data collected respectively by WDOE (48A070) and
USGS (12449950) in the Methow River at Pateros in 2005 through 2009.

2. Based on NPDES discharge monitoring report information from October 2009 through February 2010.

3. Based on NPDES discharge monitoring report information from November 2009.

4, Sum of the loads estimated for the individual sites in Table 9.

Table 15
TP loads estimated for Wenatchee subbasin with and without point source contributions
Source TP Concentration (mg/L) | Average Flow (cfs) Load (kg/d)
Lake Wenatchee POTW! 2.850 0.020 0.139
Leavenworth POTW' 2.260 0.440 2.433
LNFH - Main Outfall** 0.015 34.534 1.225
Peshastin POTW' 7.050 0.050 0.862
Dryden POTW?? 4.170 0.030 0.306
Cashmere POTW' 2.330 0.680 3.876
Non-contact Cooling Water® -- -- 0.020
Total Point Source Loads -- -- 8.862
TP Loads from Acclimation Activity’ -- -- 0.376
TP loads for Wenatchee River at
Wenatchee® 0.0043 3280 34.507
Background Loads’ -- -- 25.644

Notes:

1. TP concentration reported for composite samples from April 2003 were used.
2. Composite values were not reported. Values reported for grab samples from April 2003 were used.
3. Paired flow for April 2003 not available. Flows represent average of monthly average flows for April reported

in DMR from 2006 to 2010.

4. TP measurement was not reported in WDOE TMDL study. Orthophoshpate values from April 2003 were used.
5. Paired flow not available. Design flow used in WDOE TMDL study is used here.
6. Critical period loads used in WDOE TMDL used here.
7. Sum of acclimation loads estimated in Table 13 and estimated April TP load for proposed hatchery in Dryden

(see Table 8).

8. April 2003 data reported for Wenatchee River at Wenatchee WDOE station (45A070).
9. Background loads estimated as difference between TP load at Wenatchee and total point source loads.

This analysis suggests that the background conditions in the two subbasins are comparable.
Furthermore, loads from the proposed project contribute to a smaller proportion of the

background phosphorus loads in the Methow subbasin.
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Evaluation of Combined and Cumulative Impacts

Mechanistic modeling for the Wenatchee subbasin suggests that even for critical conditions,
acclimation-related nutrient loads are not expected to produce a measurable change in DO
and pH (see Section 5.3.2.5). Based on the analysis in this section and considering the
similarities between the two subbasins (see Section 5.1.2), it is concluded that, in the absence
of anthropogenic sources, the TP loads introduced to the Methow subbasin from this project
are unlikely to produce a measurable change (as defined in Section 2.2.1) in DO and pH.

5.3.4 The Effect of Seasonal Flow Patterns on Combined Impacts

The timing of acclimation nutrient discharges, in relation to annual subbasin flow patterns, is
important to the evaluation of combined project impacts on water quality. The Wenatchee
and Methow rivers have peak average flows in early June (see Figure 20). Acclimation ends
in early May just as spring runoff begins. Data collected from the subbasins (see Figure 4-16
in Appendix 6) demonstrated that river phosphorous concentrations and loads peak along
with river flows, as accumulated nutrients and attached algae that have been suspended are
flushed from the subbasins. The majority of the phosphorous introduced by acclimation is
included in this mechanical removal process thereby limiting the impact of project nutrients
on water quality in the critical late summer through winter period.

5.4 Assessment of Cumulative Impacts
5.4.1 Wenatchee Subbasin

The cumulative impacts of the proposed project were assessed by applying the WDOE TMDL
model and including discharges from POTWs in addition to the project-related loads. For
this purpose, POTWs were assumed to be discharging at the load allocations specified in the
WDOE TMDL (at a TP concentration of 90 pg/L) and at their design flows. The WDOE load
allocation included allowance for future growth. Hence, it is assumed for the purpose of
cumulative impact assessment that this represents a reasonable estimate of future loading
conditions from municipal sources.

54.1.1 Background Conditions

For the purpose of comparing the cumulative impacts, background conditions were
determined by including loads from POTWs (as specified above) to the base case simulation
presented in Section 5.2.2. Figure 34 presents simulated water column TP concentration for
the cases with and without the POTW loads.

DO changes with and without the POTW loads are generally small and limited to the
vicinity and immediately downstream of the discharges (Figure 35). The simulated DO
levels were well above minimum DO criterion. In the lower reaches of the Wenatchee River
where the POTW loads enter, the upper bound of the simulated pH levels appears to be
affected more than the lower bound (Figure 36). POTW loading does not affect the
temperature as there was no change in the specified temperature function (Figure 37).
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Evaluation of Combined and Cumulative Impacts

The change in the range of pH and DO for the simulation that included loads from POTWs is
presented in Figure 38. As expected, the highest changes were predicted in the vicinity of
and downstream from the POTW discharges. In all cases, the changes were less than the
measurable effect criteria for both pH and DO.
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Evaluation of Combined and Cumulative Impacts

The model simulations with and without the POTW loading have indicated only minor
changes in water quality. The principal difference between these sets of simulations
performed for March conditions and those performed for load allocations in the WDOE
TMDL are the climatic conditions and water temperature. In the WDOE TMDL analysis,
these same POTW loads when introduced in summer resulted in significantly elevated
effects in water quality deterioration. These results suggest that temperature plays an
important role in determining water quality of the Wenatchee River.

54.1.2 Assessment of Cumulative Impacts

The loads estimated for the proposed project (Section 5.2.2.3) were added to the background
conditions and POTW model presented in the previous sub-section. This setup provided a
reasonable conservative estimate of the cumulative nutrient loads to the Wenatchee River.

Figure 39 depicts the TP concentrations simulated by the QUAL-2K model both with and
without the loads estimated from the proposed project. As observed in the analysis of the
combined impacts, TP levels are slightly elevated in the upper section of the river (up to
RKM 60) from the project loads. The downstream reaches do not show an appreciable
increase in TP. This phenomenon is due to the proposed locations for the acclimation ponds,
which are in the upper subbasin. This also suggests that TP loads introduced in the upper
subbasin are largely assimilated prior to entering the TMDL domain, which is downstream of
the city of Leavenworth.

The DO (Figure 40) and pH (Figure 41) ranges follow a very similar trend compared to those
estimated under the combined impacts scenario (i.e., higher upper bound values in the
vicinity of RKM 27 and minor changes elsewhere). As explained in the combined impacts
analysis, this area likely provides habitat conducive to the establishment of bottom algae due
to slower flows. Nonetheless, the model does not predict any water quality criteria
excursions for DO and pH in the river. Finally, temperature changes under the cumulative
impacts scenario are negligible (Figure 42).

54.1.3 Determination of Significance of Impacts

The change in the range of pH and DO for the cumulative impact simulation compared to
the case without the project loads (note that the latter includes POTW discharges over
background conditions simulations) is presented in Figure 43. The differences between
simulations represent changes from the March background conditions established in
Section 5.2.2.2. As expected, the largest differences occur in the vicinity of RKM 27 due to
enhanced algal activity.

In all cases, the model simulations suggest that potential impacts of the proposed project, as
defined by the criteria for DO and pH, will be negligible under foreseeable future conditions.
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Evaluation of Combined and Cumulative Impacts

When viewed in light of the conservative assumptions employed in establishing the
translation of loads and flow conditions within the model framework (see Section 5.1), the
actual impacts under average flow conditions will be much smaller than what was
determined by the QUAL-2K modeling exercise. The fact that the model results indicated
that much of the loads are likely to be assimilated upstream of Leavenworth suggests that
existing POTWs are not likely to be further burdened to exceed their treatment
requirements to buffer activity from the proposed project in the upper reaches.
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5.4.2 Methow Subbasin

An estimate of the cumulative project impact was assessed from the calculations performed
for the combined project impacts presented in Section 5.3.3. The contribution of the project
related loads relative to the cumulative subbasin load (Methow River at Pateros in Table 14)
was estimated to be about 0.8%.

The equivalent calculation for the Wenatchee sites resulted in a relative project contribution
of 1.1% of the subbasin TP loading (Table 15). Mechanistic modeling in the previous section
indicated that acclimation-related loads in the Wenatchee subbasin caused a negligible
change in DO and pH even in the presence of anthropogenic sources. Given the lower
estimate of nutrient loading from acclimation activity in the Methow subbasin (see Table 14)
and the similarity in the basin characteristics (see Section 5.1.2), the TP loads from
acclimation activity are unlikely to cause a measurable change in DO and pH in the Methow
River.

6 NO ACTION ALTERNATIVE

The No Action alternative is described in the Environmental Impact Statement (EIS). The
sites included in the No Action alternative for the Wenatchee and the Methow subbasins are
shown respectively in Table 16 and Table 17. This section presents the combined and
cumulative impacts expected from the No Action alternative.

6.1 Assessment of Impacts for the Wenatchee Subbasin

The mechanistic modeling approach used for estimating the combined and cumulative
impacts for the preferred alternative (see Sections 5.3 and 5.4.1) was extended for the No
Action alternative sites. The estimated phosphorus loads for the sites in the No Action
alternative (see Table 16) were used to calculate the phosphorus concentrations of the
respective tributaries receiving the discharge in the QUAL-2K model. Loading from any
other site in the preferred alternative that is not listed in Table 16 was excluded. All other
simulation conditions and modeling assumptions remained unchanged from the preferred
alternative simulations.

6.1.1 Combined Impacts

Figures 44 through 47 show the water quality parameters for the combined impact
simulation. These figures show that the impacts to water quality are negligible if the project
were to continue without the changes proposed in the preferred alternative. This is not
surprising given that the results discussed in previous sections demonstrated that even with
the greater number of sites proposed in the preferred alternative, impacts were determined
to be negligible.
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Figure 48 shows that the DO and pH changes over the background conditions are expected
to be milder than the preferred alternative. Because two-thirds of the loads in the No Action
alternative are released into Nason Creek, impacts in the upper section of the river
(particularly near RKM 27) are comparable to, albeit smaller than, those resulting from the
preferred alternative. In the lower Wenatchee River, there is almost no change in DO and

pH over the background conditions for both alternatives.

Table 16
No Action alternative sites in Wenatchee subbasin

No Action Site No. of Fish ('000s) TP Load® (kg/d) Receiving Stream
Rohlfing 100 0.032 White River
Coulter 100 0.032 White River
Butcher 100 0.032 Little Wenatchee
Beaver 100 0.032 Beaver
Leavenworth NFH 100 0.032 Icicle
Total 500 0.16

Notes:

1. Uses an estimate of 0.32 mg/d/fish derived from active sites in Nason Creek; see Table 5.

Table 17
No Action alternative sites in Methow subbasin
No Action Site No. of Fish ('000s) TP Load® (kg/d) Receiving Stream
Heath 20 0.006 Twisp River
Lincoln 60 0.019 Twisp River
Lower Twisp 20 0.006 Methow River
WNFH 100 0.032 Methow River
Total 200 0.064
Notes:

1. Uses an estimate of 0.32 mg/d/fish derived from active sites in Nason Creek; see Table 5.
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Evaluation of Combined and Cumulative Impacts

6.1.2 Cumulative Impacts

As with the preferred alternative, the impacts of discharges from the sites in the No Action
alternative were assessed for the case when POTWs discharge at their design capacity,
contributing a phosphorus load as allocated in the WDOE TMDL (corresponding to 90 ng/L).
The spatial trends in water quality parameters (see Figures 49 to 52) were similar to those
predicted for the preferred alternative. As expected, the changes in minimum DO and pH
range over the background conditions were predicted to be milder than for the preferred
alternative (Figure 53).

6.2 Assessment of Impacts for the Methow Subbasin

The No Action alternative involves acclimation of 200,000 fish (see Table 17), which is 20%
of the number of fish for the preferred alternative (see Table 9). Therefore, the TP loads for
the No Action alternative are expected to be lower by 80%. Based on the background and
subbasin loads estimated for the Methow subbasin (Table 14), it is expected that the No
Action alternative will contribute less than 0.2% of the subbasin loads. Therefore, water
quality impacts on the Methow River are expected to be negligible if the No Action
alternative is implemented as proposed.
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7 MITIGATION

The project is proposed with several practices listed below that are aimed at reducing
nutrient efflux in the discharge:

e Acclimate and release small numbers of coho smolts from multiple sites. This dilutes
the loads and reduces localized effects.

e Select ponds with flow rates that are higher than those used in constructed regional
fish facilities so that there is substantial dilution of nutrients in the discharges.

e Acclimate in large, natural ponds. The higher water volumes in large ponds provide
greater dilution of fish feed and wastes and buffer nutrient loading to the receiving
stream.

e Feed high-phosphorus digestibility foods.

e Periodically remove sediments from some acclimation ponds, thereby eliminating
potential long-term accumulation of nutrients.

e At the Dryden Hatchery, provide a level of treatment that is comparable to LNFH.
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1 SUMMARY
Implementation of the Mid-Columbia Coho Restoration Project (MCCRP) will likely have

little or no effect on flood elevations. Where there is an effect, it is likely to be beneficial as
the acclimation ponds will provide some small amount of additional floodplain storage
(difference between the existing land surface elevation and the working water surface
elevation). While minor construction activities will occur at some sites (excavation of ponds
and ditches, grading of roads to improve winter access, or installation of buried water supply
pipes), the spoil materials created by these activities will be disposed of outside the 100-year
floodplain in accordance with the local grading and floodplain management ordinances.
Consequently, there are not likely to be changes in grades that could direct or diverts flood

flows affecting properties either upstream or downstream of the individual project sites.
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2 INTRODUCTION

This Flood Impact Analysis report has been prepared to assist with an evaluation of the
flooding impacts at proposed coho salmon acclimation sites for the Mid-Columbia Coho
Restoration Project Environmental Impact Statement (EIS). Executive Order 11988
(Floodplain Management) directs federal agencies to evaluate the potential effects of their
actions in 100-year flood hazard zones shown on Federal Emergency Management Agency
(FEMA) flood insurance rate maps (FIRMs).

This report has been prepared as a companion document to support the EIS analysis.
Consequently, project site details such as site locations; project descriptions; and associated
maps, figures, and photographs are presented in the Brood Capture and Rearing Site
Descriptions (Appendix 1 of the EIS), the Wenatchee Acclimation Site Descriptions
(Appendix 2 of the EIS), and the Methow Acclimation Site Descriptions (Appendix 3 of the
EIS), which were also prepared for the project, and the information is not duplicated in this

report.
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3 METHODS

Consistency of the proposed actions with rules and regulations and impacts to floodplains as
a result of implementing the proposed actions are evaluated qualitatively. Existing flood
hazards and potential flooding sources are identified. Where no floodplain mapping has
occurred or no base flood elevation (BFE) established, potential sources of supplemental
information are identified. No new hydrologic or hydraulic modeling was completed for this

analysis.

Many of the acclimation sites described in the EIS and identified in Section 2 of this report
are located in or adjacent to special flood hazard areas designated Zone A on FEMA FIRMs.
As such, these areas do not have BFEs determined. Although BFEs are not provided, the
community (e.g., Chelan County or Okanogan County) is still responsible for ensuring that
new development within “approximate” Zone A areas is constructed using methods that will
minimize flood damages. Additionally, community floodplain management programs
typically extend their regulations to all lands subject to inundation from any sources; this
means that in order to obtain grading, building, development, or possibly conditional use
permits for individual projects of the proposed action, these projects may be required to go
through the floodplain development permit process. If it were determined that the
floodplain development permit process is required, there would be a need for substantially
more detailed analysis performed by a professional civil engineer to determine the BFEs in
areas mapped Zone A or unmapped areas, as well as to perform an analysis of floodplain
impacts. These additional analyses would possibly include hydrologic as well as hydraulic
modeling and surveying. These detailed floodplain analyses are not part of this impact

evaluation and are beyond the scope of the EIS.
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4 EXISTING ENVIRONMENT
4.1 Regulatory Environment
4.1.1 Federal Rules and Regulations

4.1.1.1 Executive Order 11988 — Floodplain Management

Executive Order 11988 (EO) requires federal agencies to avoid to the extent possible the
long- and short-term adverse impacts associated with the occupancy and modification of
floodplains and to avoid direct and indirect support of floodplain development wherever
there is a practicable alternative. In accomplishing this objective, "each agency shall provide
leadership and shall take action to reduce the risk of flood loss, to minimize the impact of
floods on human safety, health, and welfare, and to restore and preserve the natural and
beneficial values served by floodplains in carrying out its responsibilities” for the following

actions:

e Acquiring, managing, and disposing of federal lands and facilities

e Providing federally-undertaken, financed, or assisted construction and improvements

e Conducting federal activities and programs affecting land use, including but not
limited to water and related land resources planning, regulation, and licensing

activities

The guidelines address an eight-step process that agencies should carry out as part of their
decision-making on projects that have potential impacts to or within the floodplain. The
eight steps, which are summarized below, reflect the decision-making process required in
Section 2(a) of the EO.

1. Determine if a proposed action is in the base floodplain (that area with a 1 percent or
greater chance of flooding in any given year).

2. Conduct early public review, including public notice.

3. Identify and evaluate practicable alternatives to locating in the base floodplain,
including alternative sites outside of the floodplain.

4. Identify impacts of the proposed action.

5. If impacts cannot be avoided, develop measures to minimize the impacts and restore
and preserve the floodplain, as appropriate.

6. Re-evaluate alternatives.
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7. Present the findings and a public explanation.

8. Implement the action.

Among a number of things, the Interagency Task Force on Floodplain Management clarified
the EO with respect to development in floodplains, emphasizing the requirement for
agencies to select alternative sites for projects outside the floodplains, if practicable, and to

develop measures to mitigate unavoidable impacts.

4.1.1.2 National Flood Insurance Program

Congress, alarmed by increasing costs of disaster relief, passed the National Flood Insurance
Act of 1968 and the Flood Disaster Protection Act of 1973. The intent of these acts is to
reduce the need for large, publicly funded flood control structures and disaster relief by

restricting development on floodplains.

FEMA administers the National Flood Insurance Program (NFIP), which provides subsidized
flood insurance to communities that comply with federal regulations that limit development
in floodplains. The agency issues FIRMs for communities participating in the flood

insurance program. These maps delineate flood hazard zones in the community.

The primary requirement for community participation in the NFIP is the adoption and
enforcement of floodplain management regulations that meet the minimum standards of the
NFIP regulations in Title 44 of the Code of Federal Regulations (CFR) Section 60.3. These
minimum standards are also codified by the State of Washington as described in the

following section.

Flood zones are geographic areas that FEMA has defined according to varying levels of flood
risk. These zones are depicted on a community's FIRM or Flood Hazard Boundary Map.

Each zone reflects the severity or type of flooding in the area.

41.1.2.1 Moderate to Low Risk Areas

Zones B, C, and X include areas outside the 1 percent annual chance floodplain; areas of 1

percent annual chance sheet flow flooding where average depths are less than 1 foot; areas of
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1 percent annual chance stream flooding where the contributing drainage area is less than 1
square mile; or areas protected from the 1 percent annual chance flood by levees. No BFEs or

depths are shown within this zone.

4.1.1.2.2 High Risk Areas

Zone A includes areas with a 1 percent annual chance of flooding. Because detailed analyses

are not performed for such areas, no depths or BFEs are shown within these zones.

Zones AE and A1-A30 include areas with a 1 percent annual chance of flooding. In most
instances, BFEs derived from detailed analyses are shown at selected intervals within these

zones.

Zone AH includes areas with a 1 percent annual chance of shallow flooding, usually in the
form of a pond, with an average depth ranging from 1 to 3 feet. BFEs derived from detailed

analyses are shown at selected intervals within these zones.

Zone AO includes river or stream flood hazard areas, and areas with a 1 percent or greater
chance of shallow flooding each year, usually in the form of sheet flow, with an average
depth ranging from 1 to 3 feet. Average flood depths derived from detailed analyses are

shown within these zones.

Zone AR includes areas with a temporarily increased flood risk due to the building or

restoration of a flood control system (such as a levee or a dam).

Zone A99 includes areas with a 1 percent annual chance of flooding that will be protected by
a federal flood control system where construction has reached specified legal requirements.

No depths or BFEs are shown within these zones.

41.1.2.3 Undetermined Risk Areas

Zone D includes areas with possible but undetermined flood hazards, and no flood hazard

analysis has been conducted. Flood insurance rates are commensurate with the uncertainty
of the flood risk.
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4.1.2 State Rules and Regulations
Chapter 86.16 Revised Code of Washington (RCW) establishes state-wide authority for

floodplain management through the adoption and administration by local governments of
regulatory programs that are compliant with the minimum standards of the NFIP. Chapter
86.16 RCW directs the Washington State Department of Ecology (Ecology) to establish
minimum state requirements for floodplain management that equal the NFIP minimum
standards; to provide technical assistance and information to local governments related to
administration of their floodplain management ordinances and the NFIP; to provide
assistance to local governments in identifying the location of the 100-year (base) floodplain;

and to allow for the issuance of regulatory orders.

Floodplains are also regulated by both the Ecology and the Department of Commerce
(Commerce) via the Shoreline Management Act of 1971 (SMA) and the Growth Management
Act of 1990 (GMA), respectively. The SMA Guidelines translate the broad policies of RCW
90.58.020 into standards for regulation of shoreline uses including the floodplains of larger

rivers.

Commerce regulates floodplain development through the GMA. Local governments,
counties, and cities must develop Comprehensive Plans that guide and regulate development
in the community. The GMA requires local communities to develop and implement Critical

Areas Ordinances; floodplains are one such critical area.

The state agencies provide guidelines to local agencies and provide oversight to ensure that
the minimum standards set forth in the rules and regulations are implemented at the local

level.

4.1.3 Local Rules and Regulations

As described previously, the primary requirement for community participation in the NFIP
is the adoption and enforcement of floodplain management regulations that meet the
minimum standards. The intent of floodplain management regulations is to minimize the
potential for flood damages to new construction and to avoid aggravating existing flood

hazard conditions that could increase potential flood damages to existing structures.
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4.1.3.1 Chelan County

Chelan County Code “Chapter 3.20 Flood Hazard Development” regulates development in
flood prone areas of the county (Chelan County 2009). The ordinance prohibits
development within the floodway, but allows development in the floodplain outside the
floodway, as long the cumulative effect of the proposed and existing development does not
increase water surface elevation of the BFE by more than 1 foot at any point. Special
provisions apply for impacts inside the FEMA-designated shallow flooding areas (Zones AH
and AO), where developments are allowed but restricted. The ordinance does not impose
any restriction on a development in the FEMA-designated Zone X. Generally, Chelan
County relies on the most recent FIRMs published by FEMA to designate areas of special
flood hazard. When BFE data have not been provided or flood hazard areas established, the
Chelan County shall obtain, review, and reasonably use any BFE data and floodway data
available from federal, state, or other sources, in order to administer the development
standards. Topographic data and hydrologic and hydraulic analyses by a professionally
licensed surveyor and/or professionally licensed engineer are required to determine the BFE

and floodway for a development permit.

4.1.3.2 Okanogan County

Okanogan County Code “Chapter 15.08 Floodplain Management” regulates development in
flood prone areas of the county (Okanogan County 2008). The ordinance prohibits
development within the floodway, but allows development in the floodplain outside the
floodway, as long the cumulative effect of the proposed and existing development does not
increase water surface elevation of the BFE by more than 1 foot at any point. Special
provisions apply for impacts inside the FEMA-designated shallow flooding areas (Zones AH
and AO), where developments are allowed but restricted. The ordinance does not impose
any restriction on a development in the FEMA-designated Zone X. Generally, Okanogan
County relies on the most recent FIRMs published by FEMA to designate areas of special
flood hazard, but the best available information shall be used if these maps are not available
or sufficient as required by the State of Washington (RCW 86.16.051). Topographic data and
hydrologic and hydraulic analyses by a professionally licensed surveyor and/or professionally

licensed engineer are required for development in non-detailed study areas (Zone A).
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4.2 Existing Flood Information

4.2.1 Wenatchee Subbasin Primary Sites

The climate of Wenatchee subbasin is characterized by warm, dry summers and relatively
cold winters. The average annual precipitation in the lower elevations is just greater than 11
inches, increasing with elevation to about 35 inches. The bulk of this precipitation falls as
snow, which reaches 100 inches or more in the upper watersheds. The Wenatchee River and
other perennial streams follow an annual cycle with peak stream flow in April and May and
low stream flow in August and September. Normally, stream flow in many of the smaller
drainages is seasonally intermittent, while drainages in lower elevations are often dry

(Chelan County Department of Emergency Management 2006).

Two types of flooding common in the basin are stage and flash flooding. Stage flooding is
usually seen during periods of heavy rains, especially upon existing snow packs during early
winter and late spring. Stage flooding problem areas occur along the Wenatchee River near
its confluence with Icicle Creek, the headwaters of the Wenatchee River, and the confluence

area of the Wenatchee River (Chelan County Department of Emergency Management 2006).

Flash floods are more likely to occur during the summer months, in thunderstorm season.
The primary cause of flash flooding, which can occur in any drainage area in the county, is
high-intensity rainfall. Although infrequent, and usually of short duration, high-intensity
rainfall has been seen in all seasons in the past. Depending upon the characteristics of a
particular watershed, peak flows may be reached from less than 1 hour to several hours after
rain begins. The debris flows and mudslides accompanying rapid runoff conditions make
narrow canyons and alluvial fans at the mouths of the canyons extremely hazardous areas

(Chelan County Department of Emergency Management 2006).

The most recent floodplain mapping information is available from the FEMA Flood
Insurance Study (FIS) for Chelan County, Washington (FEMA 2004a) and the associated
FIRMs. The following sections provide a brief narrative describing the location of each
project site with respect to mapped floodplains as well as identifying the FIRM panel and
effective date; the special flood hazard zone, if any; BFEs, if any; stream gage information

that could be used to extrapolate the BFE, if any; and potential sources of additional
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information, which are typically county road crossings immediately upstream or downstream

of the project that may have hydrologic and hydraulic data that were used in the crossing

design.

Table 1 lists all the Wenatchee subbasin acclimation sites, the floodplain development

activities associated with each project, and the likely need for a floodplain development

permit. As stated previously, where the floodplain development permit process is required,

there would be a need for a professional civil engineer to perform substantially more detailed

analysis of floodplain impacts. These detailed floodplain analyses are not part of this impact

evaluation and are beyond the scope of the EIS.

Table 1

Wenatchee Acclimation Sites with Floodplain Development Activities

Wenatchee River Subbasin, in Chelan County, Washington

Floodplain
Development

Site Development Activities in Floodplain Permit Required
Butcher Excavation of an open channel Yes
Tall Timber Excavation of Napeequa River bank and pipeline corridor Yes
. . Excavation of a pond, Chikamin Creek bank, open channel,
Chikamin . . Yes
and pipeline corridor
Minnow Excavation of bed and banks of Minnow Creek Yes
Scheibler Excavation of bed and bank of Chumstick Creek Yes
Coulter None No
Rohlfing None No
White River Springs None No
Dirty Face None No
Two Rivers None No
Clear None No
Beaver None No
Brender None No
Leavenworth National Fish
None No
Hatchery
Squadroni Excavation of pond and open channels Yes
Possible development of water quality treatment
Dryden Maybe
wetlands
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Wenatchee River Subbasin, in Chelan County, Washington

Floodplain
Development
Site Development Activities in Floodplain Permit Required
Allen None No
Coulter/Roaring None No
McComas None No
George Excav.ation antljlc.onstruction of a fish hatchery and Yes
associated facilities

4.2.1.1 Butcher

The Butcher site is located on Butcher Creek at its confluence with Nason Creek and lies just
north of Highway 2. The property is in the 100-year floodplain, designated as Zone AH by
FEMA (FEMA 1989b). It appears that the primary source of flooding is backwater from

Nason Creek.

e Potential Sources of Flooding: Butcher Creek and Nason Creek

e FIRM: 530015 0775 B June 5, 1989 (Figure 1; FEMA 1989b)

e Special Flood Hazard Area (SFHA): AH

e BFE: 2,140-2,141 feet (National Geodetic Vertical Datum of 1929 [NGVD29))

e Stream Gage Data: None

e Potential Sources of Supplemental Information: Washington State Department of
Transportation (WSDOT) — State Route (SR) 2 Crossing of Nason Creek; Chelan
County Public Works — Nason Ridge Road crossing of Nason and Butcher Creeks

4.2.1.2 Tall Timber

The Tall Timber site is located on the Napeequa River near its confluence with the White
River. FEMA has designated a special flood hazard area along the White River (Zone A) that
extends upstream of this confluence (FEMA 1989a). The site is located outside the special

flood hazard area.

e Potential Sources of Flooding: Napeequa River
e FIRM: 530015 0750 B June 5, 1989 (Figure 2; FEMA 1989a)

e SFHA: None
e BFE: None
Flood Impact Analysis October 2010
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e Stream Gage Data: None
e Potential Sources of Supplemental Information: Chelan County Public Works —

County Road 167 crossing of Napeequa River

4.2.1.3 Chikamin

The Chikamin site is along Chikamin Creek, which is a tributary of the Chiwawa River.
Chikamin Creek will supply water to the Chikamin Pond, which would be located in the
right floodplain of Chikamin Creek. FEMA has not determined the 100-year special flood

hazard areas on the Chiwawa River in the vicinity of the site.

e Potential Sources of Flooding: Chikamin and Minnow Creeks

e FIRM: None
e SFHA: None
e BFE: None

e Stream Gage Data: None

e Potential Sources of Supplemental Information: Chelan County Public Works —
Chikamin Ridge Road crossing of Minnow Creek and Chiwawa River Road crossing
of Chikamin Creek

4.2.1.4 Minnow

The Minnow site is along Minnow Creek South, which is tributary to Chikamin Creek. The
outflow from a complex of beaver ponds located on Minnow Creek just downstream of the
Chikamin Ridge Road crossing is conveyed by two creeks: Minnow Creek North and
Minnow Creek South. Minnow Creek North discharges directly to the Chiwawa River.
Minnow Creek South flows into Chikamin Creek. Minnow Pond is planned on Minnow
Creek South before its confluence with Chikamin Creek. FEMA has not determined the

100-year special flood hazard areas on the Chiwawa River in the vicinity of the site.

e Potential Sources of Flooding: Chikamin and Minnow Creeks

e FIRM: None
e SFHA: None
e BFE: None

e Stream Gage Data: None
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e Potential Sources of Supplemental Information: Chelan County Public Works —

Chikamin Ridge Road crossing of Minnow Creek and Chiwawa River Road crossing
of Chikamin Creek

4.2.1.5 Scheibler

The Scheibler site is located on Chumstick Creek, 8 miles upstream of its confluence with the
Wenatchee River. FEMA has not studied or produced a floodplain map of this reach of the
creek. It appears that the site is about 2,000 feet upstream of the limits of the FIS, where a
BFE of 1,609 feet (NGVD29) was established.

e Potential Sources of Flooding: Chumstick Creek

e FIRM: 530015 0775 B June 5, 1989 (Figure 3; FEMA 1989b)

e SFHA: None

e BFE: None

e Stream Gage Data: None

e Potential Sources of Supplemental Information: Chelan County Public Works —

Chumstick Road crossing of Chumstick Creek

4.2.1.6 Coulter

The Coulter site is located on a parcel of rural residential property adjacent to Coulter Creek,
approximately 1,500 feet upstream from its confluence with Nason Creek. The property is in
the 100-year floodplain, designated as Zone AH by FEMA (FEMA 1989b). It appears that the
source of flooding may either be backwater from Nason Creek or undersized culverts
through the railroad grade resulting in flooding from the combined flows of Coulter and

Roaring Creeks.

e Potential Sources of Flooding: Coulter, Roaring, and Nason Creeks

e FIRM: 530015 0775 B June 5, 1989 (Figure 1; FEMA 1989b)

e SFHA: AH

e BFE: 2,142 feet (NGVD29)

e Stream Gage Data: None

o Potential Sources of Supplemental Information: WSDOT — SR 2 Crossing of Nason
Creek; Chelan County Public Works — Coulter Creek Road crossings of Coulter and
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Roaring Creeks, W. Dardenells Road crossing of Coulter Creek

4.2.1.7 Rohlfing

The Rohlfing site is located on an unnamed seasonal stream that discharges into Nason
Creek, near its confluence with Mahar Creek. FEMA has designated the 100-year floodplain
of Nason Creek as Zone A3 in the vicinity of the site. The proposed site is located outside the

special flood hazard area (Zone A3)

e Potential Sources of Flooding: Unnamed Creek and Nason Creek

e FIRM: 530015 0750 B June 5, 1989 (Figure 4; FEMA 1989a)

e SFHA: None

e BFE: 2,230 feet (NGVD29)

e Stream Gage Data: None

e Potential Sources of Supplemental Information: Chelan County Public Works —

White Pine Road crossing of unnamed tributary

4.2.1.8 White River Springs
The White River Springs site is located along the left bank of the White River (River Mile

[RM] 8) downstream of the confluence of two unnamed creeks. The property is in the 100-
year floodplain, designated as Zone A by FEMA (FEMA 1989a). It appears that the White

River is the source of flooding.

o Potential Sources of Flooding: White River

e FIRM: 530015 0750 B June 5, 1989 (Figure 2; FEMA 1989a)

e SFHA: A

e BFE: None

e Stream Gage Data: U.S. Geological Survey (USGS) gage 12454000

e Potential Sources of Supplemental Information: Chelan County Public Works —
County Road 167 intersection with National Forest Development Road (NFDR) 6434;
U.S. Forest Service — NFDR 6435 crossing of the White River
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4.2.1.9 Dirty Face

The Dirty Face site is located at the confluence of Dirty Face Creek and White River (near
RM 7). The property is in the 100-year floodplain, designated as Zone A by FEMA (FEMA
1989a). It appears that the White River is the source of flooding.

e Potential Sources of Flooding: White River

e FIRM: 530015 0750 B June 5, 1989 (Figure 2; FEMA 1989a)

e SFHA: A

e BFE: None

e Stream Gage Data: USGS gage 12454000

e Potential Sources of Supplemental Information: Chelan County Public Works —
County Road 167 crossing of Dirty Face Creek; U.S. Forest Service — NFDR 6435
crossing of the White River

4.2.1.10 Two Rivers

The Two Rivers site is located on the left overbank of Little Wenatchee River, approximately
1.5 miles upstream of its mouth at Lake Wenatchee. The site has been recently used as a
gravel pit and settling basin. The property is in the 100-year floodplain, designated as Zone
A by FEMA (FEMA 1989a). It appears that the site may be subject to flooding from either
the Little Wenatchee River or Lake Wenatchee as a result of high flows in the White River
and Little Wenatchee River.

e Potential Sources of Flooding: Little Wenatchee River, White River, Lake Wenatchee
e FIRM: 530015 0750 B June 5, 1989 (Figure 5; FEMA 1989a)

e SFHA: A

e BFE: None

e Stream Gage Data: None

e Potential Sources of Supplemental Information: Chelan County Public Works — Little

Wenatchee River Road

4.2.1.11 Clear

The Clear site is located on Clear Creek, a tributary of the Chiwawa River, approximately 1/2
mile upstream of its confluence. There is no designated floodplain (FEMA 1989c).
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Potential Sources of Flooding: Clear Creek

FIRM: 530015 0575 B June 5, 1989 (Figure 6; FEMA 1989c¢)

SFHA: None

Stream Gage Data: None

Potential Sources of Supplemental Information: Chelan County Public Works —

Chiwawa River Road crossing of Clear Creek

4.2.1.12 Beaver

The Beaver site is located on Beaver Creek, approximately 1/2 mile upstream of its

confluence with the Wenatchee River. The site is outside the designated floodplain (FEMA

1989¢).

Potential Sources of Flooding: Beaver Creek

FIRM: 530015 0575 B June 5, 1989 (Figure 6; FEMA 1989c)

SFHA: None

BFE: None

Stream Gage Data: None

Potential Sources of Supplemental Information: Chelan County Public Works —

Chiwawa River Road crossing of Beaver Creek

4.2.1.13 Brender

The Brender site is located on Brender Creek near the town of Cashmere. Brender Creek

flows into Mission Creek, a tributary to the Wenatchee River (RM 10). The site is outside
the designated floodplain (FEMA 2004c).

Potential Sources of Flooding: Brender Creek

FIRM: 53001502763 D September 30, 2004 (Figure 7; FEMA 2004c)

SFHA: None

BFE: None

Stream Gage Data: None

Potential Sources of Supplemental Information: Chelan County Public Works —

Kimber Road or Evergreen Drive crossings of Brender Creek
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4.2.1.14 Leavenworth NFH

The Leavenworth NFH site is located at the existing U.S. Fish and Wildlife Service (USFWS)
hatchery on Icicle Creek, tributary to Wenatchee River, south of Leavenworth. The
hatchery is outside the special flood hazard area (Zone AE). The Icicle Creek BFE just
downstream of the hatchery was estimated at 1,122 feet NGVD (FEMA 2002b).

e Potential Sources of Flooding: Icicle Creek

e FIRM: 530015 0787 B July 2, 2002 (Figure 8; FEMA 2002b)
e SFHA: None

e BFE: 1,122 feet (NGVD29)

e Stream Gage Data: USGS gage 12458000

e Potential Sources of Supplemental Information: USFWS

4.2.2 Wenatchee Subbasin Back-up Sites
4.2.2.1 Squadroni

The Squadroni site is located adjacent to Nason Creek, near its confluence with Gill Creek.
FEMA has designated the 100-year floodplain of Nason Creek as Zone A3 in the vicinity of
the site (FEMA 1989a). The proposed site is located outside the special flood hazard area
(Zone A3)

e Potential Sources of Flooding: Nason Creek

e FIRM: 530015 0750 B June 5, 1989 (Figure 1; FEMA 1989a)

e SFHA: None

e BFE: 2,156 feet (NGVD29)

e Stream Gage Data: None

o Potential Sources of Supplemental Information: Chelan County Public Works — Gill

Creek Road crossing of Nason Creek

4.2.2.2 Dryden

The Dryden site is on Peshastin Creek near its confluence with the Wenatchee River.
Evaluation of flow and water surface elevation at the Dryden site is provided in a separate
document Flood Evaluation Near Dryden Dam (Appendix 8.1). FEMA has designated a
special flood hazard area along Peshastin Creek (Zone A).
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Potential Sources of Flooding: Peshastin Creek and Wenatchee River

FIRM: 530015 2740 D September 30, 2004 (Figure 9)

SFHA: A

BFE: 990 feet (NGVD29)

Stream Gage Data: None

Potential Sources of Supplemental Information: Flood Evaluation near Dryden Dam
(Appendix 8.1)

4.2.2.3 Allen

The Allen site is located west of Peshastin Creek, just upstream of the confluence with Allen
Creek. The site is outside the designated floodplain (FEMA 2004b).

Potential Sources of Flooding: Peshastin Creek

FIRM: 530015 0800D September 30, 2004 (Figure 10; FEMA 2004b)

SFHA: AH

BFE: None

Stream Gage Data: None

Potential Sources of Supplemental Information: Chelan County Public Works —

Development permits for properties on Hansel and Allen Lanes

4.2.2.4 Coulter/Roaring

The Coulter/Roaring site is located on Roaring Creek near its confluence with Coulter Creek,

which then discharges to Nason Creek. The property is in the 100-year floodplain,
designated as Zone AH by FEMA (FEMA 1989b). It appears that the source of flooding may

be either back water from Nason Creek or undersized culverts through the railroad grade

resulting in flooding from the combined flows of Coulter and Roaring Creeks.

Potential Sources of Flooding: Roaring, Coulter, and Nason Creeks

FIRM: 530015 0775 B June 5, 1989 (Figure 1; FEMA 1989b)

SFHA: AH

BFE: 2,142 feet (NGVD29)

Stream Gage Data: None

Potential Sources of Supplemental Information: WSDOT — SR 2 Crossing of Nason
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Creek; Chelan County Public Works — Coulter Creek Road crossings of Coulter and

Roaring Creeks

4.2.2.5 McComas

The McComas site is located on the left overbank of White River near the confluence of
Siverly Creek, approximately 1 mile upstream of its mouth at Lake Wenatchee. The property
is in the 100-year floodplain, designated as Zone A by FEMA (FEMA 1989a). It appears that
the site may be subject to flooding from either the White River or Lake Wenatchee as a
result of high flows in the White River and Little Wenatchee River.

e Potential Sources of Flooding: Little Wenatchee River, White River, Lake Wenatchee
e FIRM: 530015 0750 B June 5, 1989 (Figure 5; FEMA 1989a)

e SFHA: A

e BFE: None

e Stream Gage Data: None

e Potential Sources of Supplemental Information: Chelan County Public Works — Little

Wenatchee River Road crossing of the White River

4.2.2.6 George

The George site is located on the right overbank of the Wenatchee River. The property is in
the 100-year floodplain, designated as Zone A3 by FEMA (FEMA 1989c). It appears that the

site is subject to flooding from the Wenatchee River.

e Potential Sources of Flooding: Wenatchee River

e FIRM: 530015 0575B June 5, 1989 (Figure 6; FEMA 1989c)

e SFHA: A3

e BFE: 1871 feet (NGVD1929)

e Stream Gage Data: USGS 12455000, Wenatchee River below Wenatchee Lake, and
12457000, Wenatchee River at Plain

e Potential Sources of Supplemental Information: WSDOT — State Route 207 crossing
of the Wenatchee River
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Existing Environment

4.2.3 Methow Subbasin Primary Sites

The climate of Methow River subbasin is characterized by warm, dry summers and relatively
cold winters. The average annual precipitation in the lower elevations is just greater than 11
inches, increasing with elevation to about 35 inches. The bulk of this precipitation falls as
snow, which reaches 100 inches or more in the upper watersheds. The Methow River and
other perennial streams follow an annual cycle with peak stream flow in April and May and
low stream flow in August and September. Normally, stream flow in many of the smaller
drainages is seasonally intermittent, while drainages in lower elevations are often dry

(Okanogan County Department of Emergency Management 2009).

Two types of flooding common in the basin are stage and flash flooding. Stage flooding is
usually seen during periods of heavy rains, especially upon existing snow packs during early
winter and late spring. Stage flooding problem areas occur along the Methow River,
especially where the Twisp River and Chewuch River join (Okanogan County Department of

Emergency Management 2009).

Flash floods are more likely to occur during the summer months, in thunderstorm season.
The primary cause of flash flooding, which can occur in any drainage area in the county, is
high-intensity rainfall. Although infrequent, and usually of short duration, high-intensity
rainfall has been seen in all seasons in the past. Depending upon the characteristics of a
particular watershed, peak flows may be reached from less than 1 hour to several hours after
rain begins. The debris flows and mudslides accompanying rapid runoff conditions make
narrow canyons and alluvial fans at the mouths of the canyons extremely hazardous areas.
Present problem areas for flash flooding include drainages in the Methow/Twisp area where
forest fires occurred in the recent past (Okanogan County Department of Emergency
Management 2009).

The most recent floodplain mapping information for the Methow subbasin sites was available
from the FEMA FIS for Okanogan County, Washington (FEMA 2003), and the associated
FIRMs. The following sections provide a brief narrative describing the location of each
project site with respect to mapped floodplains as well as identifying the FIRM panel and

effective date; the special flood hazard zone, if any; BFEs, if any; stream gage information
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Existing Environment

that could be used to extrapolate the BFE, if any; and potential sources of additional
information, which are typically county road crossings immediately upstream or downstream
of the project that may have hydrologic and hydraulic data that were used in the crossing

design.

Table 2 lists all the Methow subbasin acclimation sites, the floodplain development activities
associated with each project, and the likely need for a floodplain development permit. As
stated previously, where the floodplain development permit process is required, there would
be a need for substantially more detailed analysis performed by a professional civil engineer
to perform an analysis of floodplain impacts. These detailed floodplain analyses are not part

of this impact evaluation and are beyond the scope of the EIS.
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Table 2
Methow Acclimation Sites with Floodplain Development Activities
Methow River Subbasin, in Okanogan County, Washington
Floodplain
Development
Site Development Activities in Floodplain Permit Required
Methow State Wildlife Area -
. . None No
Eightmile
Mason (Eightmile) None No
. Excavation of an open channel and pipeline
Lincoln ) Yes
corridor
Twisp Weir Excavation of pond and pipeline corridor Yes
Gold None No
Goat Wall None No
Pete Creek Pond None No
Heath None No
Parmley None No
Lower Twisp None No
Hancock None No
Winthrop National Fish
None No
Hatchery
Methow Salmon Recovery .
. Excavation of a pond and open channels Yes
Foundation - Lower Chewuch
. . . Excavation of the Chewuch River bank, pond
Chewuch Acclimation Facility o i Yes
and pipeline corridors
Canyon None No
Utley Excavation of outlet channel to the Twisp River Yes
Newby Excavation of pond and pipeline corridors Yes
Poorman None No
Biddle None No
Balky Hill None No
4.2.3.1 MSWA Eightmile

The MSWA Eightmile site is located on an existing, disconnected side channel of the

Chewuch River, approximately 1/2 mile upstream of Eightmile Creek confluence with the

Chewuch River. FEMA studied the Chewuch River from its confluence with the Methow
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Existing Environment

River upstream to the Cub Creek confluence, which is several miles downstream of the

project site. FEMA has not mapped a special flood hazard zone near the site.

e Potential Sources of Flooding: Chewuch River

e FIRM: None
e SFHA: None
e BFE: None

e Stream Gage Data: None
e Potential Sources of Supplemental Information: Okanogan County Public Works and
U.S. Forest Service — Forest Development Road (FDR) 51, possible bank stabilization

projects along Chewuch River

4.2.3.2 Mason (Eightmile)

The Mason (Eightmile) site is located just downstream of the mouth of Eightmile Creek.
FEMA studied the Chewuch River from its confluence with the Methow River upstream to
the Cub Creek confluence, which is several miles downstream of the project site. FEMA has

not mapped a special flood hazard zone near the site.

e Potential Sources of Flooding: Chewuch River

e FIRM: None
e SFHA: None
e BFE: None

e Stream Gage Data: None
e Potential Sources of Supplemental Information: Okanogan County Public Works and
U.S. Forest Service — FDR 51, possible bank stabilization projects along Chewuch

River

4.2.3.3 Lincoln

The Lincoln site is located on the Twisp River. The site appears to be within the special
flood hazard area designated along the Twisp River (Zone A; FEMA 2000a).

e Potential Sources of Flooding: Twisp River
e FIRM: 530117 0850 C December 20, 2000 (Figure 11; FEMA 2000a)
e SFHA: A
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e BFE: None
e Stream Gage Data: USGS Gage 12448998
o Potential Sources of Supplemental Information: U.S. Forest Service — NFDR crossing

of Twisp River near War Creek Campground

4.2.3.4 Twisp Weir

The Twisp Weir site is located adjacent to the Twisp River. Portions of the site appear to be
within the special flood hazard area designated along the Twisp River (Zone A, FEMA
2000a).

e Potential Sources of Flooding: Twisp River

e FIRM: 530117 0850 C December 20, 2000 (Figure 19; FEMA 2000a)

e SFHA: A

e BFE: None

e Stream Gage Data: USGS Gage 12448998

e Potential Sources of Supplemental Information: Twisp Valley Power and Irrigation

Company, operators of the diversion weir on the Twisp River.

4.2.3.5 Gold

The Gold site, located on South Fork Gold Creek just upstream of its confluence with Gold
Creek, is approximately 2 miles upstream from the Gold Creek confluence with the Methow
River. No flow monitoring data are available for Gold Creek. FEMA has not studied Gold

Creek or its tributaries. The Gold site is not within a designated special flood hazard area.

e Potential Sources of Flooding: South Fork Gold Creek

e FIRM: 530117 1200 B February 10, 1981 (Figure 12; FEMA 1981)
e SFHA: None

e BFE: None

e Stream Gage Data: None

e Potential Sources of Supplemental Information: Okanogan County Public Works —
South Gold Creek Road crossing of Gold Creek
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4.2.3.6 Goat Wall

The Goat Wall site is located at a disconnected side channel system on the Methow River
(RM 70), upstream of the mouth of Gate Creek. The site appears to be within the special
flood hazard area designated by FEMA (Zone A2; FEMA 1994).

e Potential Sources of Flooding: Gate Creek and Methow River
e FIRM: 530117 0450C May 2, 1994 (Figure 13; FEMA 1994)

e SFHA: A2

e BFE: 2,250 to 2,260 feet (NGVD29)

e Stream Gage Data: None

e Potential Sources of Supplemental Information: None

4.2.3.7 Pete Creek Pond

The Pete Creek Pond site is part of a disconnected side channel system of the Chewuch River
located upstream of Pete Creek. The site is located within the special flood hazard area
designated by FEMA (Zone A3; FEMA 1999).

e Potential Sources of Flooding: Chewuch River

e FIRM: 530117 0675 D January 20, 1999 (Figure 14; FEMA 1999)

e SFHA: A3

e BFE: 1,848 to 1,852 feet (NGVD29)

e Stream Gage Data: USGS gage 12448000

e Potential Sources of Supplemental Information: Okanogan County Public Works —

development permits for the Windhaven Golf Club

4.2.3.8 Heath

The Heath site is part of the Heath Springs complex located between the Methow River (RM
55) and Highway 20. The site is within the special flood hazard area mapped by FEMA
(Zone AE; FEMA 1999).

e Potential Sources of Flooding: Methow River

e FIRM: 530117 0675 D January 20, 1999 (Figure 15; FEMA 1999)
e SFHA: AE

e BFE: 1,830 (NGVD29)
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e Stream Gage Data: USGS gages 12447370 and 12448500
e Potential Sources of Supplemental Information: Okanogan County Public Works —

access roads from Highway 20

4.2.3.9 Parmley

The Parmley site is located on Beaver Creek, about 8 miles upstream of its confluence with
the Methow River. USGS maintains several flow monitoring gages: Gage 12449600 (Beaver
Creek below South Fork near Twisp) is close to the site. FEMA has not studied or designated
special flood hazard areas for Beaver Creek. Anchor QEA, LLC, completed detailed
hydrologic and hydraulic analysis of Beaver Creek between RM 6.2 and RM 7.0, downstream
of this site (Anchor QEA 2008).

e Potential Sources of Flooding: Beaver Creek

e FIRM: None
e SFHA: None
e BFE: None

e Stream Gage Data: USGS Gage 12449600
e Potential Sources of Supplemental Information: Anchor QEA 2008; Okanogan County

Public Works — Beaver Creek Road crossings of Beaver Creek

4.2.3.10 Lower Twisp

The Lower Twisp site is located in the Twisp River floodplain just upstream of the Town of
Twisp and its confluence with the Methow River (RM 40). The site is within the FEMA
designated special flood hazard area (Zone A3; FEMA 2000b).

e Potential Sources of Flooding: Twisp River

e FIRM: 530117 0875 C December 20, 2000 (Figure 16; FEMA 2000b)
e SFHA: A3

e BFE: 1,623 to 1,627 feet (NGVD29)

e Stream Gage Data: None

e DPotential Sources of Supplemental Information: Okanogan County Public Works
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4.2.3.11 Hancock

The Hancock site is located on Hancock Creek, a small spring-fed tributary of the Methow
River (RM 60). Hancock Creek originates at a large spring 0.8 mile upstream from the
Methow River. The site is located outside of the special flood hazard area designated by
FEMA along the Methow River (Zone A2; FEMA 1999). The Methow River BFE is
estimated between 1,922 feet and 1,925 feet (NGVD29) at the mouth of Hancock Creek.

e Potential Sources of Flooding: Hancock Creek

e FIRM: 530117 0675 D January 20, 1999 (Figure 17; FEMA 1999)
e SFHA: None

e BFE: None

e Stream Gage Data: None

e DPotential Sources of Supplemental Information: Okanogan County Public Works —
Wolf Creek Road crossing of Hancock Creek

4.2.3.12 Winthrop NFH

The Winthrop NFH site is located on the Methow River in the Town of Winthrop at an
existing NFH site. Methow River flows have been recorded by USGS at the nearby gage
(12448500). The NFH site is within the FEMA designated special flood hazard area (Zone
A4; FEMA 1999).

e Potential Sources of Flooding: Methow River

e FIRM: 530117 0675 D January 20, 1999 (Figure 14; FEMA 1999)
e SFHA: A4

e BFE: 1,748 feet (NGVD29)

e Stream Gage Data: USGS Gage 12448500

e Potential Sources of Supplemental Information: Okanogan County Public Works

4.2.4 Methow Subbasin Back-up Sites

4.2.4.1 MSRF Lower Chewuch

The MSRF Lower Chewuch site is located on the Chewuch River approximately 1 mile
upstream of its confluence with the Methow River. FEMA designated a special flood hazard
area (Zone A5) along the Chewuch in the vicinity of the site, but the site is outside this flood
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hazard area (FEMA 1999). The Chewuch River BFEs are estimated between 1,757 and 1,760
feet (NGVD29) in the vicinity of the site.

Potential Sources of Flooding: Chewuch River

FIRM: 530117 0675 D January 20, 1999 (Figure 14; FEMA 1999)
SFHA: None

BFE: None

Stream Gage Data: None

Potential Sources of Supplemental Information: Okanogan County Public Works

4.2.4.2 Chewuch AF

The Chewuch AF site is located in the left floodplain of the Chewuch River on to the north

of the Eastside Chewack Road bridge crossing. The site is located in a special flood hazard
area (Zone A3; FEMA 1999).

Potential Sources of Flooding: Coulter Creek and Nason Creek

FIRM: 530117 0675 D January 20, 1999 (Figure 18; FEMA 1999)

SFHA: A3

BFE: 1,995 to 2,000

Stream Gage Data: None

Potential Sources of Supplemental Information: Okanogan County Public Works —

Eastside Chewack Road crossing of the Chewuch River

4.2.4.3 Canyon

The Canyon site is located adjacent to the Twisp River. The site appears to be outside the

special flood hazard area designated along the Twisp River (FEMA 2000a).

Potential Sources of Flooding: Twisp River

FIRM: 530117 0850 C December 20, 2000 (Figure 11; FEMA 2000a)

SFHA: None

BFE: None

Stream Gage Data: USGS Gage 12448998

Potential Sources of Supplemental Information: Okanogan County Public Works —

West Buttermilk Creek Road crossing of the Twisp River.
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4.2.4.4 Utley

The Utley site is located adjacent to the Twisp River. The site appears to be within the
special flood hazard area designated along the Twisp River (Zone A, FEMA 2000a).

e Potential Sources of Flooding: Twisp River

e FIRM: 530117 0850 C December 20, 2000 (Figure 11; FEMA 2000a)

e SFHA: A

e BFE: None

e Stream Gage Data: USGS Gage 12448998

e Potential Sources of Supplemental Information: Okanogan County Public Works —

Possible bank protection projects along the Twisp River to protect Twisp River Road.

4.2.4.5 Newby

The Newby site is located adjacent to the Twisp River. The site appears to be within the
special flood hazard area designated along the Twisp River (Zone A, FEMA 2000a).

e Potential Sources of Flooding: Twisp River

e FIRM: 530117 0850 C December 20, 2000 (Figure 19; FEMA 2000a)

e SFHA: A

e BFE: None

e Stream Gage Data: USGS Gage 12448998

e Potential Sources of Supplemental Information: Okanogan County Public Works —
Newby Creek Road crossing of the Twisp River; Twisp Valley Power and Irrigation

Company, operators of the diversion weir on the Twisp River.

4.2.4.6 Poorman

The Poorman site is located on the Twisp River, downstream of the mouth of Poorman
Creek. The site is within the FEMA designated special flood hazard area (Zone A2; FEMA
2000a).

e Potential Sources of Flooding: Twisp River
e FIRM: 530117 0850 C December 20, 2000 (Figure 19; FEMA 2000a)
e SFHA: A2
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e BFE: 1,760 Feet (NGVD29)
e Stream Gage Data: None

e Potential Sources of Supplemental Information: Okanogan County Public Works

4.2.4.7 Biddle

The Biddle site is located on Wolf Creek, approximately 1 mile upstream of its confluence
with the Methow River. FEMA has not studied or designated special flood hazard areas on
Wolf Creek. The site is outside the special flood hazard area designated for the Methow
River (FEMA 1999). The Methow River BFE was estimated at 1,802 feet NGVD at the Wolf
Creek confluence. Wolf Creek flows are monitored by the USGS approximately 3 miles

upstream of the site.

e Potential Sources of Flooding: Wolf Creek

e FIRM: 530117 0675 D January 20, 1999 (Figure 15; FEMA 1999)

e SFHA: None

e BFE: None

e Stream Gage Data: USGS Gage 12447397

e Potential Sources of Supplemental Information: U.S. Forest Service and Okanogan
County Public Works — NFDR crossing of Wolf Creek

4.2.4.8 Balky Hill

The Balky Hill site is located on Beaver Creek, 5 miles upstream of its confluence with the
Methow River. USGS maintained several flow monitoring gages: Gage 12449600 (Beaver
Creek below South Fork near Twisp) is close to the site. FEMA has not studied or designated
special flood hazard areas for Beaver Creek. Anchor QEA completed detailed hydrologic and
hydraulic analysis of Beaver Creek between RM 6.2 and RM 7.0, upstream of this site
(Anchor QEA 2008).

e Potential Sources of Flooding: Beaver Creek

e FIRM: None
e SFHA: None
e BFE: None

e Stream Gage Data: USGS Gage 12449600
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e DPotential Sources of Supplemental Information: Anchor QEA 2008; Okanogan County
Public Works — State Route 20 crossing of Beaver Creek
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5 IMPACT OF FACILITIES ON FLOOD ELEVATIONS

5.1 Significance Criteria

The National Environmental Policy Act (NEPA) determination of “significant” impacts is
defined in the Council Environmental Quality (CEQ) regulations at 40 CFR 1508.27. The
definition of “significance” involves both the context and intensity of proposed project

actions. A general discussion of context and intensity is presented in the EIS.

As described in Section 4.1, the primary goal of floodplain management is to restrict non-
compatible development in the floodplain to avoid repetitive losses. FEMA delegates the
responsibility of project review to the local regulatory agency through the NFIP program.
Both Chelan and Okanogan Counties prohibit development within the floodway, but do
allow development in the floodplain outside the floodway, as long the proposed development
does not increase water surface elevation of the base flood by more than 1 foot. The context
of significance estimates involves the local river basin floodplain and the intensity is
measured by changes to flood elevations. Therefore, a project that would encroach into the
floodway and increase the BFE or that would encroach upon the floodplain and increase the
BFE by more than 1 foot would be determined to have a significant impact on flooding. A

project that reduced the BFE would have a beneficial effect on flooding.

5.2 General Impacts

Sections 5.2.1 and 5.2.2 describe the general kinds of impacts that construction and operation
of the proposed project could cause. Many of the proposed acclimation sites would not
require construction activity or any permanent change to the landscape. Such sites would be
subject only to impacts resulting from program operation. Potential site-specific impacts
where there would be substantial construction activities are described in Sections 5.3 and
5.4.

5.2.1 Construction

Proposed construction activities include:

¢ Road building; clearing, grading, and surfacing with crushed rock.

e Surface water supply system construction, including intake structures, pipelines, and
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open channels. New intakes will require some excavation along stream banks.
Pipeline ditches will be excavated and refilled. Open channels will be surfaced with
gravel and rock.

e Groundwater supply system installation, including wells, buried pipelines, open
channels, power lines, and generators. Wells require temporary access roads and
areas for storage of drilled materials. Pipelines and open channels require excavation.
Power lines will be placed in conduits and buried. Generators will be mounted near
the wells in secondary containment systems to prevent potential spills or leaks of fuel,
oil, or other fluids to the environment.

e New pond creation or enlargement of existing ponds. Ponds will be excavated with
heavy equipment. They will be earthen-bottomed and will have rock and gravel

placed in areas where high flow rates may occur.

Potential impacts to flooding from these activities include:

e Obstruction of flood flows and alteration of local drainage patterns.
e Disposal of spoil materials, filling the floodplain.

e Pond creation or expansion, adding floodplain storage.

Construction details specific to the individual sites are provided in the Brood Capture and
Rearing Site Descriptions (Appendix 1 of the EIS), the Wenatchee Acclimation Site
Descriptions (Appendix 2 of the EIS), and the Methow Acclimation Site Descriptions
(Appendix 3 of the EIS).

5.2.1.1 Impact Avoidance and Mitigation

Measures that could be implemented to minimize potential impacts to flooding include:

e Compensatory storage incorporated in the project design where aboveground
facilities are located within the floodplain.

e Spoil materials removed and disposed of in uplands or at offsite locations outside of
the floodplain.

e Infrastructure buried below grade not in elevated road prisms, preventing diversion
or rerouting of floodwaters.

e Disturbed areas will be restored with native vegetation.
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5.2.2 Operation

Activities required to operate the project acclimation and new rearing sites include:

e Setting and removing block nets

e Operating generators and wells

e Transporting salmon to each acclimation site for release

e Transferring salmon from vehicles into ponds using flexible hoses temporarily laid on
the ground

e Daily feeding of juvenile fish and the non-lethal hazing of predators

e Monitoring the volitional release of migrants with tag detectors

Potential impacts on flooding from these activities include:

e Potential increase in flows due to discharge of groundwater

5.3 Site-Specific Impacts

Site-specific impacts are discussed only for the primary and back-up sites with substantial
construction activities. Projects that only include minor improvements to existing ponds,
access roads, or conveyance facilities are not expected to alter the potential for flooding at
those sites and are therefore not discussed further. New wells, although providing additional
flow through the acclimation sites, will be withdrawing water from shallow aquifers that are
typically hydraulically connected to the adjacent creek or river (Appendix 12. Ground Water
Withdrawal Impacts). Therefore, there is no real gain or loss of water. Additionally, the
well discharge will be very minor compared to flood flows. Consequently, projects that only

include flow augmentation from wells are not discussed further.

Surface water intakes proposed at the Tall Timber, Chikamin, and Dryden sites will be below
grade and will match the existing contours of the river banks. They will be designed so they
do not decrease flood storage volume and will not impede flow. Pipelines delivering water

from these intakes will be buried and will have no impact on flood elevations.
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5.3.1 Wenatchee Subbasin Primary Sites

Site construction for each program location is detailed in the Brood Capture and Rearing Site
Description (Appendix 1 of the EIS) and the Wenatchee Acclimation Site Descriptions
(Appendix 2 of the EIS). Primary sites with construction include: Butcher, Tall Timber,
Chikamin, Minnow, Scheibler, and the Dryden Hatchery. One back-up site with

construction is included: Squadroni.

5.3.1.1 Butcher

A new well is proposed for the Butcher acclimation site. The exact location has not yet been
determined but it will be close to existing roads to minimize access disturbance. An
approximately 50-foot-long, 5-foot-wide, rock-lined, open channel would deliver water from
the well to Butcher Creek upstream of the existing pond. Although the site is within the
100-year floodplain (Zone AH), it appears that the source of flooding is backwater from
Nason Creek rather than Butcher Creek. Construction or operation of the well and

associated facilities would have no effect on flooding.

5.3.1.2 Tall Timber

The Tall Timber site is located on the unmapped section of the Napeequa River near its
confluence with the White River. Although FEMA has designated a special flood hazard
area along the White River (Zone A), the project site is located outside the special flood
hazard area. The Tall Timber acclimation site would require a river intake and pipeline
delivering water to an existing disconnected side channel. An 800-foot-long water supply
pipeline from the intake to the side channel would be buried. An existing culvert would
convey water from the side channel back to the river. Because the pipeline would be buried,
it is expected that there would be no effect on flooding. Flood water elevations in the stream
reach between the intake and the outlet of the acclimation diversion may be slightly reduced

due to the withdrawal of water from the main channel.

5.3.1.3 Chikamin

Construction of an acclimation pond at the Chikamin site would require excavation of

approximately 1,370 cubic yards of material. An intake would be constructed on the bank of
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Chikamin Creek and a 200-foot-long water supply pipeline from the intake to the pond
would be buried. A rock-lined open channel, 100 feet long and 5 feet wide, would be
constructed to convey water from the pond back to the creek. The Chikamin site is not
located in a FEMA mapped flood hazard area, but is likely in the 100-year floodplain of
Chikamin Creek. The construction of a pond would likely lower flood elevations a small
amount due the removal of excavated soils from the floodplain. Overall, the project would

have little effect on flooding.

5.3.1.4 Minnow

Construction of an acclimation pond at the Minnow site would require excavation of
approximately 1,370 cubic yards of material from the bed and banks of Minnow Creek,
essentially widening and deepening the channel. The Minnow site is not located in a FEMA
mapped flood hazard area, but is in the 100-year floodplain and floodway of Minnow Creek.
During a flood event, the flows would be essentially the same because there is not a
substantial amount of active storage in the pond. Consequently, there may be very small

reduction in flooding and no change to the floodway.

5.3.1.5 Scheibler

An impoundment was built in the Chumstick Creek channel forming a pond. Project
construction would include excavating 350 cubic yards of material and enlarging the existing
pond. Material excavated from the pond would be spread at approved areas, outside the
floodplain. The site is located on Chumstick Creek floodplain in an area that has not been
studied by FEMA. Furthermore, FEMA has not produced a flood hazard map of this reach.
Because the construction is limited to excavation and the spoils will be disposed of outside

the floodplain, the project may reduce flooding slightly along Chumstick Creek.

5.3.2 Wenatchee Subbasin Back-up Sites
5.3.2.1 Squadroni

To construct the Squadroni acclimation pond site, 1,200 cubic yards of material would be
excavated. The seasonal flow from an existing ditch would contribute surface water and a

well would be constructed to supply additional water. Water from the well would be
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delivered through a 50-foot-long, rock-lined, open channel. A 20-foot-long discharge
channel would return water from the pond to the ditch prior to discharge to Nason Creek.
Spoil materials will be removed from the site for disposal outside the floodplain. Although
the pond would provide some additional floodplain storage, the volume is very small
compared to the flood flows. Consequently, the project may slightly reduce flooding on

Nason Creek.

5.3.2.2 Dryden

The Dryden hatchery will require excavations to create rearing ponds, raceways, a hatchery
building, an infiltration gallery, and an effluent treatment system. These excavations would
occur outside the flood hazard area. A flood study of the site was completed (Anchor QEA,
2009) and 100-year flood boundaries were mapped. They are shown in blue in the following
illustration. Some construction may occur in the floodplain if constructed wetlands are built
to treat hatchery discharges. Treatment systems have not yet been designed but if
constructed wetlands are used, they will be built at existing grade and will not impact flood

elevations.

Approximately 2,050 cubic yards of material is proposed to be removed from areas outside
the floodplain. Material disposal areas have not yet been located but they will be in
approved locations that meet grading permit conditions and minimize potential for

floodplain fill. Consequently, there would be no effect on flooding.
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5.3.2.3 George

The George hatchery will require grading to create rearing ponds, raceways, a hatchery
building, parking areas, back-up generator station, and an effluent treatment system. Four
concrete raceways (100-foot by 10-foot by 4-foot) would be used for fish production. Also,
two ponds measuring 40-foot by 120-foot by 3-foot deep would provide low density rearing
space. The site would be fenced and an overhead net system installed over the rearing units.
Discharge water treatment would likely require a high degree of nutrient removal to meet
conditions of the Total Maximum Daily Load restrictions in place for the Wenatchee River.
An off-line treatment tank measuring 10-foot by 20-foot by 4-foot will hold and settle wastes
vacuumed from the rearing units. A 3,000 sf hatchery building will enclose the incubators,
rearing troughs, offices, and a small shop. Generators will provide back-up power. Parking
will be provided for up to 10 vehicles. The hatchery facilities will require a permanent
footprint of 1.5 acres. Including pipelines, water supply construction, and hatchery facilities;

a total of 4 acres of land will be disturbed during construction.

It appears that all permanent facilities would be located within, but near the limits of, the
special flood hazard zone (A3) and be subject to inundation of less than 1 foot deep. As this
is a back-up site, detailed engineering studies have not been completed. If this site were to
be selected, it is expected that a detailed floodplain analysis would be completed to evaluate
the project affects on flooding as well as to evaluate methods to flood proof the hatchery
building and the back-up generator station to comply with the local floodplain ordinance.
Although the raceways and ponds would be largely below grade, the hatchery building,
fencing, and generator station would be located above grade and could be damaged by the
100-year or potentially lesser floods. Because the project is near the edge of the floodplain, at
an elevation similar to the BFE, it is not expected that the project would measurably obstruct
flood flows or reduce floodplain storage. The project would have not have a substantial

adverse effect on flooding.

5.3.3 Methow Subbasin Primary Sites

Site construction for each program location is detailed in Methow Acclimation Site

Descriptions (Appendix 3 of the EIS). Primary sites with construction include: MSWA
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Eightmile, Mason (Eightmile), Lincoln, and Gold. Back-up sites with construction include:
MSRF Lower Chewuch and Chewuch A.F.

5.3.3.1 MSWA Eightmile
The MSWA Eightmile site is located in an abandoned side channel of the Chewuch River,

just upstream of the mouth of Eightmile Creek. Construction would include a well and a
100-foot-long, 5-foot-wide, rock-lined, open channel that would deliver water from the well
to the side channel. FEMA has not mapped a special flood hazard zone near the site. There

would be no effect on flooding.

5.3.3.2 Mason (Eightmile)

The Mason (Eightmile) site consists of three existing ponds adjacent to Eightmile Creek that
are maintained by an irrigation diversion from the creek. A well is also proposed for the
Mason (Eightmile) acclimation site. The exact location has not yet been determined, but it
will be in a field near the existing ponds. A 50-foot-long, 5-foot-wide, rock-lined, open
channel will deliver water from the well to the ponds. FEMA has not mapped a special flood

hazard zone near the site. There would be no effect on flooding.

5.3.3.3 Lincoln

Proposed construction at the Lincoln site would involve two wells to provide water to the
existing two-pond system when water levels in the river are below the existing surface water
diversion. A 50-foot-long, 5-foot-wide, rock-lined, open channel will deliver water from the
wells to the upper pond. Buried water lines (approximately 600 feet long) will deliver water
from the wells to this open channel. Excavation of material that has accumulated in one of
the ponds is proposed to be removed but the flood storage capacity of the pond will not be
changed. The Lincoln site is located in a FEMA mapped special flood hazard area (Zone A)
on the Upper Twisp River. Spoil materials from any of the excavations will be disposed of
outside the floodplain in accordance with local floodplain management ordinance

requirements. There would be no effect on flooding.
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5.3.34 Twisp Weir

Proposed construction at the Twisp Weir site would include a 140-foot long, 50-foot wide,
3.5-foot deep, constructed, earthen pond, occupying approximately 0.2 acres. Because the
pond will be below existing grade and material will be removed and disposed of outside the

flood plain, there would be no effect on flooding.

5.3.3.5 Gold

The Gold site consists of several existing ponds located adjacent to Gold Creek. Construction
activities would involve removing some accumulated sediment from the ponds to restore
water depths adequately for acclimation. Excavated materials would be disposed of outside
the floodplain in accordance with grading permits. The project site is not within a FEMA
mapped special flood hazard area. The proposed construction would not alter the diversions

from Gold Creek. Consequently, there would be no effect on flooding.

5.3.4 Methow Subbasin Back-up Sites

5.3.4.1 MSRF Lower Chewuch

Acclimation pond construction would include the excavation of approximately 890 cubic
yards of material. A well would also be constructed. Rock-lined, open channels, a total of
320 feet long and 5 feet wide, will be constructed from the well to the pond and from the
pond to the Chewuch River. FEMA designated a special flood hazard area (Zone A5) along
the Chewuch River in the vicinity of the project, but the project is outside the flood hazard
area. There would be a minor increase in floodplain storage capacity and potentially a slight

reduction in flood elevations due to pond construction.

5.3.4.2 Chewuch AF

Acclimation pond construction would include the excavation of approximately 975 cubic
yards of material. Water would be diverted from the Chewuch River. Water delivery
pipelines with fish screens would also be constructed. The Chewuch AF site is located in the
FEMA mapped flood hazard area (A3). Excavated materials would be removed from the site

and disposed of in an upland location outside of the floodplain in accordance with local
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floodplain management ordinance requirements. Consequently, there would a minor
increase in floodplain storage capacity and potentially a slight reduction in flood elevations

due to pond construction.

5.34.3 Canyon

Approximately 200 cubic yards of material are proposed to be removed from an existing pond
to deepen it and expanded it by 0.04 acres. Excavated materials will be disposed of outside
the floodplain. The site is outside the special flood hazard area designated along the Twisp

River. There would be no effect on flooding.

5.3.4.4 Utley

An 80-foot long, 3-foot wide channel from an pond to the Twisp River is proposed to allow
acclimated smolts a route to the River. The existing pond and the proposed channel are
within the special flood hazard area. Because excavated materials will be disposed of outside

the floodplain there would be no effect on flooding.

5.3.4.5 Newby

A 140-foot long, 50-foot wide, 3.5-foot deep earthen bottom pond and an intake on Newby
Creek are proposed for the site. Buried water delivery pipelines from the intake to the pond
and from the pond back to the Twisp River would also be constructed. The construction
activities would occur within the special flood hazard along the Twisp River. Because
excavated materials will be disposed of outside the floodplain there would be no effect on

flooding.

5.4 Combined Impacts

5.4.1 Proposed Alternative

The Wenatchee Acclimation Site Descriptions (Appendix 2 of the EIS) and Methow
Acclimation Site Descriptions (Appendix 3 of the EIS) identify the primary acclimation site
locations for the Proposed Alternative. Approximately half of the releases proposed are from

acclimation sites capable of overwinter acclimation, having groundwater supplies that can

Flood Impact Analysis October 2010
Mid-Columbia Coho Restoration Project 60 100595-01



Impact of Facilities on Flood Elevations

provide secure flow during icing conditions. Back-up acclimation sites have also been

identified, but may not be used.

The majority of the project sites are located in rural and undeveloped areas of Chelan County
and Okanogan County with high quality forested, riparian, and wetland habitats within the
sites, or in the vicinity of the sites. Site-specific potential impacts associated with the
Methow and Wenatchee sites were described in Sections 5.3 and 5.4. A combined impact
evaluation considers the potential collective effects of the total MCCRP, as opposed to

individual site-specific impacts.

Combined impacts are summarized in Table 3. There are a total of 27 primary sites,
including the Dryden hatchery, and 12 back-up sites. Combined impacts of the proposed
project alternative will be evaluated only for the primary sites. Back-up sites will be used as
replacements for primary sites that may become unavailable. A switch from a primary to a

back-up site is not expected to alter the combined impact of the project on floods.

The total amount of ground disturbed during construction of all the primary sites is proposed
to be less than 2.5 acres and will include four new water intake structures, seven new wells,
and 650 feet of unpaved road. New ponds are proposed for the Dryden hatchery, three
primary acclimation sites, and three back-up sites. The construction details for each project
are described in either the Wenatchee Acclimation Site Descriptions (Appendix 2 of the EIS)
or the Methow Acclimation Site Descriptions (Appendix 3 of the EIS). The new ponds will
remove material from floodplains, slightly increasing floodplain storage capacity and

potentially decreasing flood elevations.
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Table 3
Combined Impacts of MCCRP Projects
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