RECLAMATION

Managing Water in the West

Groundwater Conditions at the
Leavenworth National Fish
Hatchery, Leavenworth,
Washington

In cooperation with:

U.S. Department of the Interior U.S. Department of the Interior

"7 Bureau of Reclamation U.S. Fish and Wildlife Service
= —  Pacific Northwest Region Leavenworth Fish Hatchery

O et Boise, Idaho Leavenworth Washington

February 2010



Mission Statements

The mission of the Department of the Interior is to protect and
provide access to our Nation’s natural and cultural heritage and
honor our trust responsibilities to Indian Tribes and our
commitments to island communities.

The mission of the Bureau of Reclamation is to manage, develop,
and protect water and related resources in an environmentally and
economically sound manner in the interest of the American public.




Groundwater Conditions at the
Leavenworth National Fish
Hatchery, Leavenworth,
Washington

prepared by

River and Reservoir Operations
Kayti Didricksen, Hydrogeologist
Jennifer Johnson, Hydraulic Engineer

In cooperation with the U.S. Fish and Wildlife Service

Cover Photo: Leavenworth Hatchery Channel by K. Didricksen.

U.S. Department of the Interior U.S. Department of the Interior
\ Bureau of Reclamation U.S. Fish and Wildlife Service
- Pacific Northwest Region Leavenworth Fish Hatchery
Boise, Idaho Leavenworth Washington

February 2010



Acknowledgements

Acknowledgments

The authors would like to acknowledge the help of Fred Wurster and the
employees at the Leavenworth National Fish Hatchery (Hatchery), and U.S. Fish
and Wildlife Service for their help in taking field measurements during the
seepage monitoring that was conducted at the Hatchery during October, 2009.
The data was essential for upgrading and recalibrating the groundwater flow
model that is the essence of this report.



Contents

Contents
Page
ACKNOWIEAGMENTS ...t e e eeeanees v
EXECULIVE SUMIMAIY ..uuiiiiiiiiiiiiiie et e e e et e e e e e e e e anaan s 1
1 INTFOAUCTION .. 3
1.1 PUIPOSE AN SCOPE ...ocvveiierieiieeie ettt te et ene e 3
1.2 BaCKGIrOUNG ......ooiiiiiiiitiiiieiiee e 3
1.3 Use of Groundwater at the HatChery ...........ccccooevviieiiecc i, 4
14 WaaLer RIGNES ..o 6
2 HydrogeologiC Setting .......uuveviiiiiiiiiiiiiiiiiiiiieeeieeeeeeeeeee e 7
2.1 AQUITEr PrOPEITIES....uiiiiiieeeeec et 7
2.2 Groundwater TEMPEIALUIE .......cceecveeieieecie e 8
3 Seepage MONITOTING ...oovie e e 9
3.1  October 2009 Monitoring ReSUItS...........ccceevveviiiiiieiececece e 10
4 Groundwater Modeling.........oovvviiiiiieeieeeeee e 11
4.1  Previous Modeling WOrK...........ccooiveieiiiieene e, 11
4.2  Current Model Updates..........ccooeiiiiiiniiiiieieese e, 12
O B 01 o - [0SR 13
4.3.1  SCENArio L rESUILS ..ccuveieieiieeieeiesiee e 15
4.3.2  SCENArio 2 FESUILS ...c.veiuieieeiecic e 15
4.3.3  SCENAII0 3TESUILS ..ocvvvieieiiieiesiesiee e 16
4.3.4  SCeNArio 4 rESUILS ......ocveiieeieeiecie et 17
4.3.5  SCENAIIO 5 IESUITS ...cvveieieiiieieeieeiee e 18
4.3.6  SCENArio B rESUILS ......ccuveieeieciccie e 18
4.3.7  SCENAIO 7 TESUILS ..ocvveeieiieeieeie e 19
4.3.8  SCENArio 8 rESUILS ......ccuveiieeieciccie e 20
5 Conclusions and RecommendationS...........cccovvvvvviiiciiieeeeeeee, 23

References 25

Appendix A: Version 2 Model and Scenario Development
A.1 Model Parameters
A.2 Model Calibration
A.2.1 Calibration Uniqueness
A.3 Scenarios
Appendix A References

Appendix B: Well logs and construction schematics for wells at
Leavenworth National Fish Hatchery

Appendix C: Seepage Monitoring Data




Contents

List of Tables

Table 1-1: Water rights for the HatChery. ... 6
Table 3-1: Well data for new observation wells at the Hatchery...........c...ccocee. 9
Table 4-1: Recommended schedule for production well pumping (modified from

GEOENQGINEEIS, 1995).... i ciiiiiiitieie ettt sttt bttt st nne e 13
Table 4-2: Conditions for Model SCeNarios..........cccvvveierene i, 14
Table 4-3: Pump intake elevations used in model scenarios ............cccccccvevnenee. 14
Table 4-4: Summary of Scenario RESUILS .........ccccvviieiiiii e 21

List of Figures

Figure 1-1: Location of Hatchery features. ...........ccooveviieiineiencienseeeseeee 5
Figure 4-1: Plot of water level elevation in pumping wells under scenario 1
(070 1o 11 0] £ T SSPS 15
Figure 4-2: Plot of water level elevation in pumping wells under scenario 2
(070 1o 11 0] £ T SSPS 16
Figure 4-3: Plot of water level elevation in pumping wells under scenario 3
(070] 1o 11 0] 1 < J USSP 17
Figure 4-4: Plot of water level elevation in pumping wells under scenario 4
(070] 1o 11 0] 1 < J USSP 17
Figure 4-5: Plot of water level elevation in pumping wells under scenario 5
(070 1o 11 0] 1 T SSSPSR 18
Figure 4-6: Plot of water level elevation in pumping wells under scenario 6
(070 1o 11 0] £ T SSPS 19
Figure 4-7: Plot of water level elevation in pumping wells under scenario 7
(070 1o 11 0] £ T SSPS 19
Figure 4-8: Plot of water level elevation in pumping wells under scenario 8
(070 1o 11 0] £ < J USSR 20




Executive Summary

Executive Summary

The Leavenworth National Fish Hatchery (Hatchery) depends on groundwater
from 7 production wells that supplement the surface water supply from Icicle
Creek. Groundwater is also used to adjust the temperature of surface flows to
meet fish production targets. Extended production from the shallow wells is
dependent on aquifer recharge that is sustained by diverting Icicle Creek flows
into the man-made Hatchery channel.

From 1940 to 2005, Hatchery operations directed most creek flows into the
Hatchery channel, which helped recharge the aquifer but limited flow into the
historic channel of Icicle Creek. Since 2006, operations were changed to improve
fish passage and habitat in the historic channel. The gates at the control structure
are currently open most of the year and the Hatchery channel usually remains dry.
For two weeks at a time the gates are partially closed and water is diverted into
the Hatchery channel. Although these recharge periods help well production
temporarily, a two week period has not been sufficient to significantly improve
well capacity.

A groundwater flow model was developed in the mid-1990°’s by GeoEngineers
using MODFLOW96 software. The model simulates groundwater flow
conditions in the shallow sand and gravel aquifer beneath the site. At the time of
model development, water was diverted to the Hatchery channel on a regular
basis so the GeoEngineers model simulated this source of recharge to the aquifer.
In order to update the model for current Hatchery operations, features within the
model were changed to represent current conditions and the absence of
continuous recharge from the Hatchery channel.

In October 2009, Hatchery management adjusted the control structure gate and
diverted water into the Hatchery channel to promote aquifer recharge. During
that two week period, water levels were measured in Hatchery wells to monitor
the aquifer response to the induced recharge. The test results were incorporated
into the updated groundwater model and the model was recalibrated. During
calibration, the parameters of riverbed conductance, hydraulic conductivity and
storativity of the aquifer were adjusted to match simulated observations to
measured observations over time. Following calibration, predictive simulations
(scenarios) were run with the updated model to represent pumping conditions and
the effect of induced aquifer recharge by diverting water into the Hatchery
channel for various time durations. The purpose of these simulations was to
determine the aquifer response to various combinations and duration of recharge
to help manage groundwater use at the Hatchery.
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A total of 8 predictive scenarios were run with the updated model. The pumping
schedule for the production wells remained the same for all of the scenarios while
the seasonal water level conditions and the presence or absence of water in the
Hatchery channel were varied.

Results from the scenario model runs show that the presence of water in the
Hatchery channel is of primary importance to extended pumping from the
Hatchery production wells. Recharge from the canal raises aquifer water levels
and maintains higher levels, even during well pumping. Without that source of
induced recharge, water levels quickly fall and some wells are forced to stop
pumping as the water levels drop to the pump intake elevations. A cycled
diversion to the Hatchery channel, consisting of 15 days with water in the
Hatchery channel followed by 15 days without water, allows full extended
pumping from all of the production wells. If water is diverted to the channel for
only 15-days (then the channel is dry for the remaining 45 days of the 60-day
simulation) the wells with relatively shallow pump settings are forced to shut-off
after about 42 to 58 days of pumping, depending on the seasonal water level
conditions.
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1 Introduction

1.1 Purpose and Scope
The purpose of this report is to:

1) Update the available groundwater information for the Hatchery with
current data.

2) Describe the changes made to a numerical groundwater flow model of the
site.

3) Document the modeling results in order to evaluate the groundwater
supply capacity under various recharge conditions.

1.2 Background

The Hatchery has used groundwater as a supplemental source of water since about
1940. Groundwater is used periodically to enhance water quantities and adjust
the temperature of surface flows to meet fish production targets (USFWS, 2009a).
A flow control structure, known as “Structure No. 2”, is located at RM 3.8 on
Icicle Creek, and was designed to divert flow into a man-made channel, called the
“Hatchery channel” (Figure 1-1). The Hatchery channel was built in the late
1930’s so a portion of Icicle Creek could be used to accommodate Hatchery fish
production. Diverting flow into the Hatchery channel protected those in-creek
Hatchery operations, particularly during high flow events. The Hatchery channel
is about 5 feet higher than the historic channel of Icicle Creek and parallels the
historic channel for 1 mile, before rejoining the creek at RM 2.8. Production
wells for the Hatchery are located just west of the Hatchery channel and benefit
from increased recharge provided by diverting water into the channel.

From 1940 to 2005, Hatchery operations directed most creek flows into the
Hatchery channel (the gates at Structure No. 2 were regularly closed), which
limited flow into the historic channel of Icicle Creek. Since 2006, operations
were changed to improve fish passage and habitat in Icicle Creek. The gates at
Structure No. 2 are fully open most of the year and the Hatchery channel remains
dry. Since operation changes, the restriction of flow in the Hatchery channel
reduces recharge to the shallow alluvial aquifer and reduces pumping capacity of
the Hatchery’s production wells.
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1.3 Use of Groundwater at the Hatchery

The Hatchery needs between 1,060 gallons per minute (gpm) and 6,590 gpm of
groundwater during its fish production cycle (Sverdrup 2000). The largest
demand is in June (6,590 gpm)* to supply cool water to the holding adults and
again in December (6,110 gpm), when young salmon fry begin to feed.
Groundwater use continues throughout the winter months in order to temper cold
surface water used on yearling salmon in outdoor ponds (USFWS, 2009a). The
groundwater is also used to cool surface water in the summer months as surface
water temperatures begin to rise.

Since 2006, the gates at Structure 2 are not closed for more than two weeks at a
time in order to maintain higher flows in the historic channel of Icicle Creek.
However, the two week period of diversion into the Hatchery channel has not
been sufficient to significantly improve well capacity. Without aquifer recharge
from the Hatchery channel, well production is substantially reduced (USFWS,
2009a).

The timing and quantity of surface water needed to maintain recharge to the
aquifer in order to support the production wells needs to be known to optimally
manage the water supply at the Hatchery.

! Quantities listed are from hatchery records from 10/1998 — 09/1999. In 2008, pumping rates
were less than 4,600 gpm all year (personal communication, F. Wurster)

4
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Figure 1-1: Location of Hatchery features.
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1.4 Water Rights

Table 1-1 lists the water rights that have been issued by the State of Washington

for the Hatchery.

Table 1-1: Water rights for the Hatchery.

Certificate Source Purpose of  Priority Date Amount
Number Use
1824 Icicle Creek Fish 3/26/42 42 cfs
Propagation
1825 Snow and Fish 3/26/42 16,000 AF
Nada Lakes  Propagation
3103-A Groundwater  Fish Culture 10/16/57 1200 gpm/
(well 1) 1120 AF
Claim # 016379 Groundwater  Fish Culture 6/1940 900 gpm/
(well 2) 730 AF
Claim # 016378 Groundwater  Fish Culture 8/1939 700 gpm/
(well 3) 570 AF
G4-27115C Groundwater Fish 10/20/80 3900 gpm/
(well 4: 800 Propagation 5257 AF
gpm, well 5:
1500 gpm, well
6: 1200 gpm,
well 7: 400
gpm)

A water right to divert water from the Wenatchee River to supplement Icicle
Creek flow was abandoned in the 1980°s (personal communication, F. Wurster).
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2 Hydrogeologic Setting

Unconsolidated sediments of glaciofluvial and river origin underlie the Hatchery
site and consist of interbedded gravel, sand, silt and clay. Granite bedrock
underlies the sediments and forms a north-northeast trending trough beneath the
site. Bedrock is encountered at depths ranging from about 190 feet in the south to
320 feet in the central part of the Hatchery. The unconsolidated sediments are
stratified (layered) and comprise two aquifers; a shallow unconfined aquifer of
sand and gravel that extends over most of the valley and a deeper confined aquifer
of more limited extent.

The shallow aquifer has a maximum thickness of about 200 feet near well 4, in
the central part of the site, but is typically 80 to 100 feet thick in other areas. The
deep aquifer is about 30 to 50 feet thick and is limited to the north-central part of
the site, near wells 5 and 6. The deep, sand and gravel aquifer is confined by
overlying layers of silt and clay. Since the clay layers are not continuous, the
aquifer is likely semi-confined or leaky and is probably influenced by stresses
(pumping) and recharge in the overlying unconfined aquifer.

Drill logs for the Hatchery wells indicate that the shallow aquifer is stratified with
layers and stringers of silt and clay interspersed with sand and gravel. Several test
wells have been drilled onsite that have not encountered productive aquifer
materials or have limited exposures of the aquifer. Hydraulic conductivity
probably varies significantly in the horizontal and vertical directions due to the
stratification of the aquifer.

2.1 Aquifer Properties

During 1994, constant rate pumping tests were conducted in each of the 7
production wells and a 24-hour constant rate test was conducted with all 7 wells
pumping simultaneously (GeoEngineers, 1995). Transmissivity and hydraulic
conductivity values for the shallow and deep aquifers were calculated using data
obtained during the individual aquifer tests (GeoEngineers, 1995). The
transmissivity of the shallow aquifer ranged between 25,000 ft?/d (square feet per
day) and 85,000 ft*/d. The calculated transmissivity of the deeper aquifer was
about 6,000 ft?/d. Based on aquifer thicknesses of the shallow aquifer ranging
from 80 to 200 feet and assuming homogeneous conditions in the aquifer, the
hydraulic conductivity ranges from 283.5 ft/d (feet per day) to 425.2 ft/d. The
hydraulic conductivity of the deep aquifer is about 142 ft/d.

The calculated storativity values determined from the aquifer test data ranged
between 0.005 and 0.02 for the shallow aquifer and between 1 x 10 and 5 x 10
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for the deep aquifer (GeoEngineers, 1995). The storativity values for the shallow
unconfined aquifer are lower than typical for sand and gravel aquifers, and may
be related to the stratification of the glaciofluvial and alluvial aquifer materials.

Well interference drawdown of as much as 3.5 feet (additional water level
drawdown) was observed during the individual pumping tests in the shallow
aquifer (GeoEngineers, 1995). During the tests, water flowing in the Hatchery
channel was actively recharging the shallow aquifer, which prevented excessive
drawdown in the wells. Current conditions of no water flowing in the Hatchery
channel results in greater drawdown and more interference between the wells.

2.2 Groundwater Temperature

The Hatchery staff monitored well water temperature in selected wells during
water year 2009 (USFWS, 2009b). Water in the shallow aquifer averages about
48" F to 49" F (degrees Fahrenheit) in wells 4a and 7, with a range from 43.2° F to
53.4° F. Water temperature in well 5, in the deep aquifer, averages 52.8" F. Well
6, completed in both aquifers, has a composite temperature averaging 50.1° F.

The lowest water temperature recorded for well 7 (43.2° F) occurred in May, 2009
and the highest water temperature (53.4° F) was recorded in November, 2008.
Surface water temperatures are generally lowest in mid-winter and highest in the
summer. The lag time of several months between high and low temperatures in
the surface water of Icicle Creek and the groundwater temperature in well 7 is
probably a result of the travel time of groundwater flow through the aquifer.
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3 Seepage Monitoring

During September 2009, the Bureau of Reclamation (Reclamation) Pacific
Northwest Regional drill crew was at the Hatchery to drill investigative boreholes
to provide design level geologic information for repairs to various structures at the
site. During that time, water resource specialists from Reclamation and the U.S.
Fish and Wildlife Service (USFWS) were discussing data needs to better monitor
the hydrologic conditions and groundwater use at the Hatchery. The Hatchery
was planning to divert water into the Hatchery channel for a span of two weeks in
early October to recharge the aquifer (and increase capacity of their production
wells). It was decided to have four shallow observation wells drilled by the
Reclamation drill crew and use the wells to monitor water seepage from the
Hatchery channel into the shallow aquifer. Well data from the new observation
wells are tabulated in Table 3-1. All of the available well logs and well
construction schematics from the Hatchery site are included in Appendix B. The
location of the wells and other features of the Hatchery site are shown on Figure
1-1.

The purpose of the seepage monitoring was to determine the temporal and spatial
response within the shallow aquifer to the addition of water in the Hatchery
channel. This information was then used to update and adjust calibration
parameters within an existing MODFLOW groundwater flow model, developed in
1994 by GeoEngineers (1995). It has long been understood that water-flow in the
Hatchery channel provides recharge to the shallow aquifer and Hatchery
production wells, but operations at the Hatchery have changed since the flow
model was developed and the model needed to be updated to reflect current
Hatchery operations prior to using the model to run new predictive scenarios.

Table 3-1: Well data for new observation wells at the Hatchery

Well Northing Easting Elevation of Depth of
Number MP (top Completed
OW-09-1 1678875.015 200668.731 1149.981 37.0
OW-09-2 1679510.438 201404.146 1149.709 42.0
OW-09-3 1679758.376 202309.673 1152.622 48.0
OW-09-4 1679741.378 201341.592 1149.076 42.0

Survey datum NADB83, projection State Plane Washington North, vertical datum NAVD88.

Each of the new observation wells was completed with 2-inch diameter, Schedule
40 PVC piezometer pipe that had a 5-foot length of slotted pipe (0.020-inch slot)
at the bottom. From September 29 to October 23, the wells were equipped with
Instrumentation Northwest PT2X pressure transducers with dedicated data loggers
for hourly monitoring of water levels.
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In addition, two In-Situ Level Troll 500 transducers were placed in the Hatchery
channel to monitor water levels. Locations of the channel transducers are shown
on Figure 1-1. Hatchery personnel measured water levels daily in 5 of the
production wells (wells 1, 2, 3a, 4a, and 7) and in wells 9, 10 and TW2. Only
production well 5 was pumped during the 2-week time period. The hydrographs
of the field data from each of the monitored wells are included in Appendix C.

The flow control gate at Structure No. 2 was partially closed beginning September
30 to divert a portion of the flow from Icicle Creek into the Hatchery channel.
The gate was again adjusted to the full open position beginning on October 13.
Observed flows and gate measurements are included in Appendix C.

3.1 October 2009 Monitoring Results

As shown in the graphs of the well response data (included in Appendix C), water
levels in the shallow aquifer responded almost immediately to recharge from the
Hatchery channel. Aquifer water levels in the Hatchery area were raised about 6
feet during the 2 week recharge period. Accordingly, as the diversion of surface
water to the channel ended, groundwater levels quickly declined (in OW-3 the
water level declined about 4 feet in the first 4 days). This response indicates high
conductivity in the shallow aquifer. It also indicates that temporarily recharging
the aquifer by diverting water to the Hatchery channel has only short-term
benefits to increasing well capacity.

10
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4 Groundwater Modeling

Groundwater modeling was used in this study to incorporate the new data
acquired during the seepage monitoring and to evaluate possible Hatchery water
management plans.

4.1 Previous Modeling Work

In the mid-1990’s, GeoEngineers developed a 3-dimensional, numerical
groundwater flow model, utilizing the USGS MODFLOW96 software, to
simulate groundwater conditions in the shallow aquifer beneath the site
(GeoEngineers, 1995). The shallow aquifer was simulated as a single, isotropic,
unconfined layer. The model did not include the deeper, confined aquifer. The
model consists of a 45 by 45 cell grid (2,025 cells total) that are 100 feet on each
side.

Hydrologic features, such as production wells and streams (represented by
MODFLOW river features) were included in the model. Production wells 1, 2,
3A, 4, 6, and 7 each occupy a separate cell; well 5 was not simulated because it is
completed in the deeper confined aquifer. The Hatchery channel, Icicle Creek,
and two ditches (Wenatchee Channel?, a.k.a. onsite ditch, and the Icicle Irrigation
District canal) were included, as well as areas that receive surface irrigation
within the model domain.

Model input parameters, such as hydraulic conductivity and storativity, were
determined from the pump testing program that GeoEngineers conducted during
1994. The measured parameters were used as starting points and then were
manually adjusted during calibration of the model to match observed water level
conditions. Following calibration of the steady state simulations, transient
conditions were simulated to calibrate to the pumping test data and to run
predictive scenarios for various pumping operations. In each case, and under high
and low water conditions, the model simulated water flowing in the Hatchery
channel. The results of the scenarios and a full description of the model
development are included in Appendix E of the GeoEngineers (1995) report.

2 During the 1990’s, water in the Wenatchee channel was excess spill from a mixing chamber in
the Hatchery pipeline.

11
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4.2 Current Model Updates

Adjustments were made to the GeoEngineers model (Version 1) to incorporate
new data from the seepage monitoring and to represent current water operations
and management practices. When the original model was developed, surface
water was regularly diverted to the Hatchery channel and the onsite ditch
(Wenatchee Channel), so these features were incorporated as sources of recharge.
Since operations of Structure No. 2 were modified, both channels are dry except
during periods of high flows and during 2-week periods when water from Icicle
Creek is temporarily diverted to the Hatchery channel. The more recent activity
was incorporated into a new version (Version 2) of the GeoEngineers model. The
Version 2 model also used an updated version of the modeling software,
MODFLOW2000.

High resolution LiDAR data (2006) were incorporated to improve the accuracy of
ground surface and channel bottom elevations. The results of HEC-RAS
modeling (Knutson, 2009) were used to provide river stage and bottom elevations
at various locations along Icicle Creek using the flow rates observed during the
October 2009 seepage monitoring. Water depths for the Hatchery channel were
stage values recorded by pressure transducers. Since the seepage monitoring
occurred during the non-irrigation season, areal recharge due to irrigation was not
included during the recalibration. In addition, no precipitation occurred during
the monitoring period, so areal recharge due to precipitation was not included.

Hydraulic conductivity, storativity, river conductance, and general head boundary
conductance values were adjusted during the recalibration of the model. The
calibration model was a time-dependent simulation with a 12-hour stress period,
meaning that the water levels in the Hatchery channel and Icicle Creek were
adjusted every 12 hours. Water level observations were recorded in wells 1, 2, 3a,
4a* and 7 during the seepage monitoring and were used during the calibration
process. The parameters were adjusted to also calibrate the model to the observed
water level response in the 4 new observation wells (OW-1 through OW-4)
monitored during the seepage monitoring. The model matched the observed
water levels to within 10 percent of the total change in head, 13.5 feet, which is
generally considered well calibrated. Figure A-6 in Appendix A shows the
modeled versus observed head values. A perfect match between modeled and
observed would graph along a straight line, with an R-squared value of 1. The
modeled versus observed values in this model plot along a line with an R-squared
value of 0.78, which is considered good. A detailed description of the model
development and calibration is included in Appendix A.

® A new pump well, well 4a, was drilled near original pump well 4 in January 2009 but well 4a has
a lower well yield (about 500 vs 850 gpm) and the pump intake is at a higher elevation, which
limits the available drawdown. The model uses well 4a in the pumping scenarios.

12
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4.3 Scenarios

Predictive simulations were run with the Version 2 model to represent pumping
conditions and the effect of induced aquifer recharge by diverting water into the
Hatchery channel for various time durations. The purpose of these simulations
was to determine the aquifer response to various combinations and duration of
recharge to help manage groundwater use at the Hatchery.

Previous studies at the Hatchery (GeoEngineers, 1995) recommended a pumping
schedule based on the well characteristics such as specific capacity, available
drawdown and well interference effects observed during the pumping tests. Their
schedule was developed under the condition of full Hatchery channel flow, so it
reflected a different recharge condition than what exists currently. The
recommended schedule was modified slightly to compensate for the changed
condition and is shown in Table 4-1.

Table 4-1: Recommended schedule for production well pumping (modified from
GeoEngineers, 1995)

Up to 3,000 Wells 1, 4a and 6 Wells 2, 3A, and 7

4,000 2 Wells 1, 4a, 5, and 6 Wells 2, 3A and 7

1. Pumping cycle of 15 days on, 15 days off is intended to allow water levels to recover
after extended periods of pumping.

2. Maximum sustainable flow rate from the existing production wells in late summer and
fall was estimated in 1995 to be about 6,000 gpm. Without artificial recharge from the
Hatchery channel, those rates are significantly decreased. This combination of wells
(including well 5) was not modeled because well 5 is completed in the deeper aquifer.

Each of the scenarios was run under simulated high water level conditions (to
represent late spring and early summer) and low water level conditions (to
represent late summer through winter). The high water level condition was
represented by increasing the general head boundary (GHB) elevation to 1147.0
feet (from 1140.0 feet) and by simulating a high flow rate in Icicle Creek (2100
cfs). The low water level condition matched the calibrated, non-irrigation season
condition.

The simulated pumping rates for wells 1, 2, 3A, 4A, 6, and 7 are 800, 600, 400,
500, 400, and 300 gpm, respectively. These rates were common discharge rates
for the wells during 2008 and 2009. Well 5, which is capable of producing up to
1100 gpm, but is normally pumped at about 900 gpm, was not included in the
model simulations since it is completed in the deeper, confined aquifer. During
periods of high demand, the combination of well 5 with the other production wells
would produce more than 4,000 gpm.

*Well 6 pumps about 700 to 800 gpm but draws from both the shallow and deep aquifer. A
reduced amount of discharge was simulated in the model scenarios to represent only that portion
that is from the shallow aquifer.

13
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Distributed recharge (from precipitation and applied on-farm irrigation) was not
included in the model. The water level conditions (high or low) and Hatchery
channel conditions for the model scenarios are listed in Table 4-2.

Table 4-2: Conditions for Model Scenarios

Scenario High or Full or Dry  Wells Wells
Low Water Hatchery Pumping Pumping
Conditions  Channel for full 60-  for 15-day
day alternate
duration cycles'
1 High Dry 1,4A,6 2,3A,7
2 Low Dry 1,4A, 6 2,3A, 7
3 High Full 1,4A, 6 2,3A, 7
4 Low Full 1,4A,6 2,3A,7
5 High Cycle: Full - 1,4A,6 2,3A,7
15 days, Dry
— 15 days
6 Low Cycle: Full- 1,4A,6 2,3A,7
15 days, Dry
— 15 days
7 High Cycle: Full - 1,4A,6 2,3A, 7
15 days, Dry
- 45 days
8 Low Cycle: Full- 1,4A,6 2,3A,7
15 days, Dry
- 45 days

1 —well 2 pumps for 15 days while wells 3 and 7 are allowed to recover, then wells 3 and 7 pump
for 15 days while well 2 recovers.

During the 60 day model simulation, it was possible for the water levels to drop
below the pump intake elevation because MODFLOW does not account for the
intake depth. When this occurred, a second version of the scenario was run with
the well turned off when the water level in the well reached 5 feet above the
intake depth. Only the second version of the scenario is shown in the results
below; however, the times (in days) at which the water level elevations dropped
below the water level cut-off elevation (WLCO) are noted. Table 4-3 lists the
pump intake elevations used to control the pumping of wells in the model
scenarios.

Table 4-3: Pump intake elevations used in model scenarios

Well Intake Pump Water Level Cut-off

Number Depth Intake Elevation (pump intake +
Elevation 5 ft)

1 70 1078 1083

2 70 1078 1083

3a 55 1096.3 1101.3

14



4 Groundwater Modeling

4a 60 1091.3 1096.3
6 103 1048.3 1053.3
|7 75 1073.7 1078.7

4.3.1 Scenario 1 results

Figure 4-1 shows a plot of the water level elevation in the pumping wells under
the conditions described for scenario 1 (high water levels, dry channel). Arrows
on the data line for well 3a explain the water level fluctuations seen on the
scenario graphs; they are due to the 15-day cycling on/off of wells 2, 3a, and 7. In
scenario 1, the water level in well 3a dropped below the WLCO elevation after 36
days.

Figure 4-1: Plot of water level elevation in pumping wells under scenario 1 conditions.

With the channel dry, the overall water surface elevation declines under pumping
conditions.

4.3.2 Scenario 2 results

Figure 4-2 shows a plot of the water level elevation in the pumping wells under
the conditions described for scenario 2 (low water levels, dry channel). In
scenario 2, the water level in well 3a reached the WLCO elevation after 30 days
and in well 4a after 37 days. Extended pumping from these wells is limited by
water supply and by the shallow placement depth of the pump in well 4a. The
available drawdown in original well 4 is significantly greater, since the pump
intake is about 30 feet lower in well 4 than in well 4a.

15
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Figure 4-2: Plot of water level elevation in pumping wells under scenario 2 conditions.

The water surface elevation declines overall as a result of the pumping conditions
and it has not yet reached an equilibrium condition at day 60. The water surface
declines faster in the low water condition than in the high water condition
(scenario 2 vs. scenario 1). The pumps have a similar localized effect on the
water surface elevation near the pumping wells. Without the addition of recharge
from the Hatchery channel to maintain a higher water level in the aquifer, the
pumping wells with shallow pump settings are not sustainable for extended
pumping periods.

4.3.3 Scenario 3 results

Figure 4-3 shows a plot of the water level elevation in the pumping wells under
the conditions described for scenario 3 (high water levels, full channel). In
scenario 3, the water level elevations remained above the WLCO elevations for
all wells.

16
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Scenario 3 - High Water - Full Channel
1125
1120 —= e
—  —
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Figure 4-3: Plot of water level elevation in pumping wells under scenario 3 conditions.

With a full channel, the overall water level in the shallow aquifer increases. After
about 50 days, the water surface elevation in the pumped wells nearly reaches
equilibrium, indicating that pumping can continue for extended periods.

4.3.4 Scenario 4 results

Figure 4-4 shows a plot of the water level elevation in the pumping wells under
the conditions described for scenario 4 (low water levels, full channel). In
scenario 4, the water level elevations remained above the pump intake elevations

for all wells.
Scenario4 - Low Water - Full Channel
1125
1120
7 1B _‘?——'—é —Welll
2 e
g ?‘—'—gi Well 2
% 1105 — N el]3a
W 1100 Well 4a
1095 Well 6
1090 = Well7
0] 10 20 30 40 50 60

Days

Figure 4-4: Plot of water level elevation in pumping wells under scenario 4 conditions.
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As in scenario 3, the full channel provides recharge to the shallow aquifer and the
overall water level increases. After about 50 days, the water surface elevation in
the pumped wells nearly reaches equilibrium. The addition of recharge from the
Hatchery channel is much more important than seasonal water level conditions in
determining the ability to pump from the shallow aquifer.

4.3.5 Scenario 5results

Figure 4-5 shows a plot of the water level elevation in the pumping wells under
the conditions described for scenario 5 (high water levels, cycling water into the
Hatchery channel every 15 days). In scenario 5, the water level elevations
remained above the WLCO elevations for all wells.

Figure 4-5: Plot of water level elevation in pumping wells under scenario 5 conditions.

When water is diverted to the channel, the overall water surface elevation
increases, even during well pumping, but the water level declines sharply when
the channel is empty. The amount of water in the channel has a larger impact on
the aquifer water level than the drawdown effects from pumping the wells.

4.3.6 Scenario 6 results

Figure 4-6 shows a plot of the water level elevation in the pumping wells under
the conditions described for scenario 6 (low water levels, cycling water into
Hatchery channel every 15 days). In scenario 6, the water level elevations
remained above the WLCO elevations for all wells.

18
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Figure 4-6: Plot of water level elevation in pumping wells under scenario 6 conditions.

When the channel is full, the overall water surface elevation increases and it
declines sharply when the channel is empty. The amount of water in the channel
has a larger impact on the aquifer water level than the pumping effects from the
wells. These periodic recharge events allow pumping from the wells during the
entire simulation period.

4.3.7 Scenario 7 results

Figure 4-7 shows a plot of the water level elevation in the pumping wells under
the conditions described for scenario 7 (high water levels, water in Hatchery
channel for only 15 days). In scenario 7, the water level in well 3a reached the
WLCO elevation after 51 days and in well 4a after 58 days.

Figure 4-7: Plot of water level elevation in pumping wells under scenario 7 conditions.
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Water diverted to the Hatchery channel for the first 15 days of this scenario
supports a raised water level in the aquifer. When water is no longer diverted to
the channel, the water level drops steeply and the final water levels (at 60 days)
are similar to those in scenario 1 that diverts no water to the channel.

4.3.8 Scenario 8 results

Figure 4-8 shows a plot of the water level elevation in the pumping wells under
the conditions described for scenario 8 (low water levels, water in Hatchery
channel for only 15 days). In scenario 8, the water level in well 3a reached the
WLCO elevation after 42 days and in well 4a after 55 days. The low seasonal
water conditions reduced the time available to pump wells 3a and 4a, as compared
to scenario 7 with high water level conditions. As in the other scenarios in which
water is not diverted to the Hatchery channel, the aquifer cannot support extended
pumping of the production wells without the addition of recharge from the
Hatchery channel.

Figure 4-8: Plot of water level elevation in pumping wells under scenario 8 conditions.
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Table 4-4: Summary of Scenario Results
Scenario  Highor Full or Number of days wells can pump

Low Water Dry during 60-day model simulation®
Conditions Hatchery  Well3a Well4a Wells1,2,6,7
Channel
1 High Dry 36 C C
2 Low Dry 30 37 C
3 High Full C C C
4 Low Full C € <
5 High Cycle: Full
— 15 days,
Dry - 15 C C C
days
6 Low Cycle: Full
— 15 days,
Dry - 15 © © @
days
7 High Cycle: Full
- 15 days,
Dry - 45 51 58 @
days
8 Low Cycle: Full
- 15 days,
Dry - 45 42 55 @
days

1 — At the day listed, the modeled water level elevation drops to 5 feet above the pump intake
elevation (see table 4-3) and the pump is turned off for the remainder of the simulation period.
C = continuous pumping (wells 2 and 7 cycle on/off every 15 days during simulation period)
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5 Conclusions and Recommendations

5 Conclusions and Recommendations

The Hatchery depends on groundwater from 7 production wells that supplement
the surface water supply from Icicle Creek. Groundwater is also used to adjust
the temperature of surface flows to meet fish production targets.

Unconsolidated sediments of glaciofluvial and river origin underlie the Hatchery
site and consist of interbedded gravel, sand, silt and clay. The unconsolidated
sediments are stratified (layered) and comprise two aquifers; a shallow
unconfined aquifer that extends over most of the valley and a deeper confined
aquifer of more limited extent. All but one of the Hatchery’s production wells
pump from the shallow unconfined aquifer. Well 5 is completed in the deeper
aquifer and well 6 is screened in both aquifers.

From 1940 to 2005, Hatchery operations directed most creek flows into the
Hatchery channel, a man-made channel built in the late 1930’s so that a portion of
Icicle Creek could be used to accommodate Hatchery fish production. It has long
been understood that water flow in the Hatchery channel provides recharge to the
shallow aquifer. Since 2006, operations were changed to improve fish passage in
Icicle Creek. The gates at the diversion control structure are kept open most of
the year and the Hatchery channel is usually kept dry. Under current operations,
the gates are partially closed at the control structure for two weeks at a time,
allowing water into the Hatchery channel. Although these recharge periods help
well production temporarily, a two week period has not been sufficient to
significantly improve well capacity.

Groundwater monitoring during October 2009 helped quantify the aquifer
response to induced recharge by diverting water into the Hatchery channel. The
purpose of the monitoring was to determine the temporal and spatial response
within the shallow aquifer to the addition of water in the Hatchery channel. The
test results were used to update and adjust calibration parameters within an
existing MODFLOW groundwater flow model that was developed by
GeoEngineers (1995). Other updates to the model were also completed to better
represent current Hatchery conditions.

Following calibration, predictive simulations were run with the updated model to
represent pumping conditions and the effect of induced aquifer recharge by
diverting water into the Hatchery channel for various time durations. The purpose
of these simulations was to determine the aquifer response to various
combinations and duration of recharge to help manage groundwater use at the
Hatchery. Each simulation was run for 60-days.
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5 Conclusions and Recommendations

A total of eight predictive scenarios were run with the updated (Version 2) model.
The pumping schedule for the production wells remained the same for all of the
scenarios while the seasonal water level conditions and the presence or absence of
water in the Hatchery channel was varied.

Results from the scenario runs show that the presence of water in the Hatchery
channel is of primary importance to extended pumping from the Hatchery
production wells. Recharge from the channel raises aquifer water levels and
maintains higher levels, even during well pumping. Without recharge from the
channel, water levels quickly fall and some wells are forced to stop pumping as
the water levels drop to the pump intake elevations. A cycled diversion of 15
days of water in the channel followed by 15 days without water, allows pumping
from all of the production wells for the 60 day simulation. If water is diverted to
the channel for only 15 days, and the channel is dry the remaining 45 days, the
wells with relatively shallow pump settings are forced to shut off after 42 to 58
days of pumping, depending on the seasonal water level conditions.
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Appendix A

Appendix A: Version 2 Model and
Scenario Development

The Version 2 groundwater model of the Hatchery used the GeoEngineers model
(Version 1 model) as a starting point to develop an upgraded model of the system.
The cell size, number of cells, and location of the boundary conditions remained
the same. Recharge and stream conditions were changed to represent the current
conditions at the Hatchery. The model was recalibrated to develop refined
hydraulic conductivity and storativity distributions, which was recommended by
GeoEngineers (1995).

A.1 Model Parameters

LiDAR elevation data (Watershed Sciences, 2007) with an accuracy of +/- 0.04
meters (1.6 inches) was incorporated into Version 2 because it provides a more
accurate representation of the top elevation of the model. Figure A-1 shows the
new elevations that are used in the model.
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Figure A-1: Map of ground surface elevations used in model extracted from LiDAR.

Version 2 was calibrated using a time-dependent model that simulated the
seepage monitoring performed in October 2009. Since the monitoring was
performed during the non-irrigation season, the off-site irrigation ditch (Icicle
Canal) was removed from the model and no recharge from the application of
irrigation water or precipitation was simulated. The GeoEngineers model
simulated the on-site ditch (Wenatchee Channel) but that feature was removed
from the version 2 model since water was not flowing in the ditch during the
calibration time period. The effect of calibrating the model to a period without

recharge from precipitation or irrigation represents a “worst-case” groundwater
condition; when there is additional recharge from precipitation or irrigation, the

results from pumping would be less severe and there would be less water level

198000
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drawdown. The general head boundary locations were left the same as those in
the GeoEngineers model. Figure A-2 shows the location of the surface features
that were used in the calibration process.

576000 1677000 16780?0 16790?0 16800?0 16810?0 1682000
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2
N
- General Head Boundary A NAD 83 State Plane Washington North
- River Boundary CI) 3?0 6?0 | 1,2|00 | 1,Ei00 Feet
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Figure A-2: Map of general head and river MODFLOW boundary conditions.

A.2 Model Calibration

The model was calibrated to match observations that were recorded during the
2009 seepage monitoring using PEST (Doherty, 2008), an automated parameter
estimation software. GeoEngineers (1995) suggested, in the recommendations
section of their report, that an automated calibration procedure be attempted to
better refine the hydraulic conductivity distribution in the model.
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Pilot points and Tikhonov regularization (Tikhonov 1963a, 1963b) were applied
to the PEST calibration scheme. Pilot points are a way to characterize the spatial
distribution of parameters (such as hydraulic conductivity) within the grid that
eliminates the need for lumping the parameter into piecewise homogeneous
zones. Parameters are estimated at the pilot points and are then interpolated to the
remaining cells (in this case, the pilot points are interpolated using kriging).

Since the pilot points are at discreet locations, PEST has the ability to make large
changes at each point to best match an observation, which can lead to large
variations in a parameter over short distances. Tikhonov regularization constrains
the PEST calibration process so that PEST does not calculate unrealistic
parameters simply to meet the observations. It has been argued that using pilot
points with Tikhonov regularization calculates the most unique parameter
distribution possible and reduces uncertainty in the model results (Fienen and
others, 2009).

The locations of the pilot points were selected based on the criteria that at least
one pilot point should be between any two observations. The remaining pilot
points were placed to minimize the number, but to evenly cover the remaining
area. Pilot points were used for both horizontal hydraulic conductivity and
storativity. In addition to pilot points, hydraulic conductivity targets were used to
assist the PEST calibration. The targets were measured values in wells 1, 2, 3A,
4A, and 6.

Figure A-3 shows the hydraulic conductivity distribution calculated during the
calibration process.
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Figure A-3: Hydraulic conductivity distribution calculated during calibration process.

Figure A-4 shows the storativity distribution calculated during the calibration
process.
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Figure A-4: Storativity calculated during the calibration process.

The model calibrated conductances for four separate river reaches: Icicle Creek
upstream of Structure No. 2, Icicle Creek between Structure No. 2 and the
confluence of Icicle Creek and Hatchery Channel, Icicle creek downstream of the
confluence, and the Hatchery Channel. The conductance values are shown in
Table A-1.
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Table A-1: Table of calibrated conductances for river reaches in model.

Icicle Creek u/s of Structure No. 2 500
Icicle Creek between Structure No. 2 and Channel 500
confluence

Icicle Creek d/s of confluence 1290
Hatchery Channel 8203

Figure A-5 shows the hydrographs of the observed versus the simulated water
levels.
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Figure A-5: Plots of observed versus simulated water levels.

The model was calibrated to within 10% of the total change in observed water
levels within the model domain. A model is considered well calibrated if it is
within 10%. Figure A-6 shows a plot of the simulated versus observed values
with an R-squared value of 0.78.

Figure A-6: Observed versus simulated values.

A.2.1 Calibration Uniqueness

Models are simplified representations of complex natural systems that can never
match reality perfectly. In any modeling endeavor, it is important to examine the
uncertainty related to the model and its calibration so as to understand the
applicability and limitations of the model.

In the case of the Version 2 LNFH groundwater model, utilizing pilot points and
Tichonov regularization provides a unique solution with reduced uncertainty.
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A.3 Scenarios

Six scenarios were run to show the consequences of proposed operations at
LNFH. The scenarios are described in the main text of this report. All of the
scenarios used the same pumping schedule (Section 4, Table 4-1). The seasonal
water conditions (high or low) and Hatchery channel operations were varied.
Each scenario was run for 75 days: 15 days to allow the water levels to adjust to
the water condition type and 60 days applying the well pumping schedule.

Scenario 1 — High water conditions with dry channel

This scenario represented high water conditions (such as during spring and early
summer) with no water flowing in the Hatchery channel through the entire 75 day
simulation. To simulate high water conditions, the calibrated model simulated a
general head boundary elevation at 1147 feet. In addition, Icicle Creek was
simulated with high flow of 2100 cfs. The HEC-RAS model was used to develop
water surface elevations at the 2100 cfs flow rate, which were then fed into the
MODFLOW model. The wells begin pumping at day 15 of the simulation to
allow the system to equilibrate with respect to the high water conditions before
applying the pumping stress. Scenario results are shown in Section 4-3.

Scenario 2 — Low water conditions with dry channel

This scenario represented low water conditions (such as late summer through
winter) with no water flowing in the Hatchery channel through the entire 75 day
simulation. The general head boundary elevation was set at 1140 feet to simulate
low water conditions. Icicle Creek had a minimum flow of 50cfs.

Scenario 3 — High water conditions with full channel
This scenario is similar to Scenario 1, except that the Hatchery channel is
simulated to have three feet of water in it, simulating full conditions.

Scenario 4 — Low water conditions with full channel
This scenario is similar to Scenario 2, except that the Hatchery channel is
simulated to have three feet of water in it.

Scenario 5 — High water conditions with 15 day cycle of water in Hatchery
channel

The scenario is similar to Scenarios 1 and 3 except the water in the Hatchery
channel is cycled full for 15 days, then empty 15 days. The cycle repeats twice in
the 75 day simulation period.

Scenario 6 — High water conditions with 15 day cycle of water in Hatchery
channel

The scenario is similar to Scenarios 2 and 4 except the water in the Hatchery
channel is cycled full for 15 days, then empty 15 days. The cycle repeats twice in
the 75 day simulation period.
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Scenario 7 — High water conditions with 15 day full channel
The scenario is similar to Scenarios 1 and 3 except the water in the Hatchery
channel is cycled full for 15 days, then empty 45 days.

Scenario 8 — High water conditions with 15 day full channel
The scenario is similar to Scenarios 2 and 4 except the water in the Hatchery
channel is cycled full for 15 days, then empty 45 days.
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Appendix B: Well logs and construction schematics for wells at
Leavenworth National Fish Hatchery

Table B-1: Summary of Well Information for Hatchery Wells

Well Construction Details

Static Water Level

. Perforated | Pump
N\lj\r/r?llz)l or Date %2”3? Completion | Diameter | Casing or Inlet ioﬂir?:r Status of well Date Depth
Drilled (1% Depth (ft) (inches) | Screened | Depth d (ft)
Depth (ft) (ft)
1 (04/58)? 80 80 12 40-80 70 Shallow Active 28.5 5/5/09
2 1940 94 94 12.5 20-90 77 Shallow | Replaced by 2A -- --
2A 07/91 206 203 20 70-90 -- Shallow Active 24.0 5/5/09
3 -- 103 103 12 20-92° 75 Shallow | Replaced by 3A | 25.8 5/5/09
3A 06/91 120 98 16 63-98 55° Shallow Active 30.8 | 9/30/09
4 10/76 324 237 16 9202227 92 Shallow Active 38.75 | 8/25/09
4A 10/08 333 105 16 64-94 60 Shallow Active 29.04 | 7/8/09
5 07/79 290 279 14 249-279 120 Deep Active 17.0 5/5/09
5A | 0278 | 300 300 14 | 250-300 Deep | COllapsedduring | .
pumping test
Pumped
5B 1076 | 286 280 16 Deep | g sand | _ -
uring pumping
test

® Screen is filled with sand to a depth of 92 ft.
¢ Pump inlet depth is estimated
" Screen is filled with sand to a depth of 101 ft.
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102-112

Shallow

6 12/76 195 170 14 150170 | 193 | and Doop Active 3544 | 7/8/09

7 1176 | 192 110 14 9722_'18120 75 | Shallow Active 245 | 5/5/09

8 10/76 278 278° 1.5 -- -- Obser. Well -- --

9 11/76 213 205 16 115-136 - Shallow | PUMPINg test, 17.7 | 9/30/09

used as obser.
180-200
well

10 2/95 110 104 12 75-100 = Shallow | NotPumped | 38.15 | 9/30/09

11 2/95 278 278 16 -- -- Shallow | Decommissioned -- --
TW-1 9/94 276 - - - - -- Abandoned -- -
TW-2 | 1194 | 150 - - - ~ | shallow | UG ODET | 5475 | g30/09
TW-3 | 1/95 | 145 - - - ~ | Shaitow | Casedwellnear | -

well 10

& Collapsed or filled with sand to a depth of 56 ft.
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LEAVENWORTH NATIONAL FISH HATCHERY ™eYRE®
WELL 1

. INTERPRETED CONSTRUCTION DETAILS GEOLOGIC LOG

—— 0'
—I 3.8’

24-INCH CASING

NOT AVAILABLE

?
12-INCH CASING

Y SwL 33

[ ] ' 8/2/89

12-INCH CASING IS
> BELIEVED TO BE PERFORATED
FROM 20’ TO DEPTH

b oP OF PUMP
" IJWLS AT 58°

STIMATED PUMP INLET I
SETTING AT 65-70°

SAND BOTTOM AT 77.5'
ON 8/2/89

NOTE:INTERPRETED CONSTRUCTION DETAILS
BASED ON SURFACE MEASUREMENTS.
» SOUNDINGS & NFH RECORDS
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= ;
cology v Start Car _O_Ef]_?ﬁé_

;12.‘3."..'.".'.‘3':-"3 oy WATER WELL REPORT e
Second Capy—Owner's Copy . -_
_;ﬁ-f: Cony o Drilor's Capy STATE OF WASHINGTON \;
WNER: Name_(EPT O F FLSH L CLOL 1A : K’, 1CLE K[) 7

.2) LOCATION OF WELL: Gounty Ctev dn/ _ ‘ —M W—O.Zél &éf{-N RLZVM

l2a) STREET ADDDRESS OF WELL (or nearest addreas) | [ (L [T 2D

' (3) PROPOSED USE: 0] Domes Industrial O M (10) WELL LOG or ABANDONMENT PROCEDURE DESCRIPTION

O Imigation
i O Dewater  TestWell O /&9&(& Formation: Describe by color, size ot I and and show
; thickneas of aquifers and the kind and nature of the material in each stratum pmtr-l.d,
‘“) TYPE OF WORK: Ownar's number of well 7 A with at least ona entry for each change of information.
i (it more than one) MATERIAL ™
Abandoned (1 New well B~ Method: Dug [ Bored O
Deepened O Cable . Driven O :
Reconditioned O] Rotary O Jetted O | 09 4J 1) A 2

e ——————— inches. |-2A80 § Boutpel S 3 %5_ i

Drilled________feet. Depthof well - | LARGE ¢ RAver -SANVOd AR | &S |

CoARSE _SAN - LG. 2 AL 50 | 6%
can@s5E  SAx) —Lfr ColBeclS g | &5

‘6) CONSTRUCTION DETAILS:

Casing installed: - piamtom Ot L0 | snmge. < Quid- MED GRAapcs | &5 | 111
Weded B * oamwom_ O w0 05 w| g0 7500, BLACK TTRVES

O _ ommwom—— ot | s,7- BovepelS AL |25 | 126

Perforations: vesl ] Noﬂ BLAc/K /¢ 7 Iﬂé__ﬁo_

Type of p used E-,M('.t SILT LJ/ QLT STods~ M"/ ’40 ,m_

' sizEorp in.by o {0 Q0K < po7  COBILES (180 | 196
fram __fi.to oAl | [ §Q£’¢ 2ELS BLACE Sl 95 | 260

perforations from fi. to | & EAATE |, H/Q‘- 20 200 Elaﬁ_

i trom ft.to f.

Screens: YulD uoEZT\

M s Name. "
.’vpe Model No.
" iam. Slot size from. ft. to.

Diam. Slot size. from. ft. to. 1t.

Grayel packed: ves 1 no[J Size of gravel

Gravel placed from. fi. to. t.

Surface seal: Yes [ N[ Towhat gepnr_ RO n
Material used in seal M #ﬁ &NTOM /Té‘

Did any strata contain unusable water? YesD NOE"

Type of water?. Depth of strata.
Mathod of sealing strata off “ B
1) pump: s Name : '
Type: H.P.
- 18) WATER LEVELS:  Li0icmoaseaiover - .
Staticlevel _____ft below topofwell Date
Artesian p Ibs. per square inch Date
waler is d by
(Cap, vaive, etc)) }
Work started (o_/ 2 /G| 10 completed_ 2 L2 109/
' 9) WELL TESTS: Drawdown is amount water level is lowered below staticlevel . ompets
Was a pump test made? Yes No Wyes bywhom? — WELL CONSTRUCTOR CERTIFICATION:
Yield: ___ - . £ min. with ft. ft hrs.
= molnaision. bk i [} ted and/or accept responsibility for construction .of this well,
and its i with all Washi well construction standards.
Materials used and the information reported above are true to my best
Recovery data (time taken as zero when pump turned off) (water level measured knowledge and belief.

from well top to water level)

Time Water Level Time Water Level Time Water Level . 5 A D 2Lt G- é° /

(PERSON, FIRM, OR CORPORATION) (TYPE OR PRINT)

._ Address 2T S Thox (010 &£ L prSBURG

Date of test ML
(Signed) S / License No._L_g__; 7

Bailertest _________ gal./min. with ft. after hrs. (WELI"&ILLER)
: Contractor's

Airtest ___________ gal./min. with stem set at ft. for hrs. Reg n
Ketsia ion opm Data_______ | No_stips sl 3544 9

Was a chemical analysis made? YesD NOD

Temperature of water

(USE ADDITIONAL SHEETS IF NECESSARY) o,
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—E— 3 wW mmmT ®w WY W oe = = % s = ws = % WA s = mw— = w

CONSTRUCTION DETAILS

T

UMP INLET AT 77°

WELL 2

GEOLOGIC LOG

T
3.8’

Y swL 23’
6/3/40

¥ swL 28’
8/2/89

+—12.5-INCH SLOTTED PIPE

—16~INCH PIPE REMOVED?

75’

94.4'

CEMENTED SAND WITH GRAVEL,
SOME SMALL BOULDERS

23’

o5+ COARSE SAND

COARSE SAND & GRAVEL

NOTE: LOG & DATA FROM USBR RECORDS

94.4' BOTTOM OF HOLE



8l and First Copy with
;,.'mn( of Ecology
,acond Copy— Ownaer's Copy
‘Thwa Copy—DOrillar's Copy

WATER WELL REPORT

STATE OF WASHINGTON

Appendix B

Stan Card No. i

Water Right Permit No.

(1) OWNER: Name._.[l FISH & WILDLIFE

Address Q110 E_ 11TH AV DORTLAND QR

[
-

NW y NE ysec 26 1 2L n.r17 wm

LOCATION OF WELL: County Saprmul CHELAN

- LEAVENWORTH NATIQONAI. FISH HATCHERY

{2a) STREET ADDDRESS OF WELL (or nearest

(3) PROPOSED USE: O Domestic ladustial C Municipal O | (10) WELL LOG or ABANDONMENT PROCEDURE DESCRIPTION
t O Dewater  Testwell O other X Formation: Describe by color, size of ial and and show
= S aar el fnickheat of .,nd ﬂ‘ud‘k::.nd "l.l:"" of the material in each stratum pm-l.ﬂ_
. jumber o
‘[4, ‘rYPE OF WORK' A m;.“:.nu.) ‘weol -SA at lsast one sntry for e nm::‘-o ormation. — =
Abandoned O New well X Method: Dug g Bored O
Deepened Cable Oriven OJ QQnd$4TRVP1 cobhles & Q 10
: Reconditioned O Rotary O Jetted haulders i
i5) DIMENSIONS: piameter of well 16 inches.
orited__120 ___teet. Depth of well___98 #. | —Sand Zgravel lagge cobhles | 10 20
6) CONSTRUCTION DETAILS: N
: sand, silt w/eravel 20 25
Casinginstalled: _ 16 - piamtom_H+ 2  n10 69 4 <
ri:?:‘;ulw% * Diam. from fi. to ft Sa.n(lw/ large gravel 25 30
Threaded O * Diam. from, fi. to. ft. :
Partorations: Yes[ ] NoB2 sand w/large gravel 20 25
Type ol p used i
SIZEof by med coarse sand 35 | 4O
per from ft.t0 .
from ft.to f Sand LO LS5
from f.to_ ft.
Screens: vest] nol ] «—SB:H—d—W,LSO!}Pl gravel 45 S0
_n.,... JOHNSON e
T,.,. st nless steel ,M.m., - 1 cn 0
smm.__Q-_Q__:mn_Q.?J____maj_B_n. coarse sand small eravel 60 | 75
Gravel packed: chD oK Size of gravel
Gravel placed from fi.to n. | med coarse sand small gravel 75! 80
B ; - 20
Surface seal: vesX] no[] Towhatdeptn? .
: | __coares sand sma
el s cement gront. sand 11 gravel 80 85
Did unr-ﬂrl!- contain unusable water? Y D N ﬁ ™
Type of watec? = O?wmoumu fing sand ;f-rgr-n small gravel 85! 90
Mathod of sealing strats off 73
7) PUMP: wanen . ine sand small grax're'f 9{1 Q5
_Twe He fine £and - -Some—Srosorave S5 100
1 Land-surface elevation S RSEAN TRt e b ot .
(a) wATER LEY,ELs;? abovemeansealevel 0 ft.
staticlevel T 2( 1t balowtopotwen Date_3/27/Q1 fine sand 1001120
Artesianpressure ______ Ibs. per square inch Date .
Artesian water is lled by (T
Work staned 10/ 15720 19, C 0/1/91 [T —

(9) WELL TESTS: ODrawdown is amount water lavel is lowered below static levol ]
T WELL CONSTRUCTOR CERTIFICATION:

Was a pump test made7? Yes, No Hyean, hy whom?
hrs.

lc d and/or ibility for construction of this well,

Yield: _.659_,_ gal./min. with _26_ f.drawdownatter

Recovery data (time taken as 7er0 when pump turned off) (water level measured
from well top 1o water lavel)

_ Tume Water Level Time Water Lavel Time Water Level
RADT D DTWIATI TN
VI LT ML a s s vy o §
P oy
tu;u ol test Y 6
o
Bailer test oal./min. with n ¢ after hra.
Airtest gal./min, with stem set at f_for hrs.
Anesianflow ==~ gp.m. Date

Was a chemical snalysia made? VunB NQD

5

Temparature of water

50:1:20  (10-AT)  -1329.

and its compliance with nil Washmqton well construction standards.
Materials used and the information reported above are true to my best
knowledge and belief,

NaMe_DT STRICH DT 110
(PERSON, FIRM, OA CORPORATION)

(TYPE OR PRINT)

Address "
(SlOnGM‘L’//I’)’? /7‘/% LicensaNo_1152.
Contractor's

(WELL DFILLER)
R e 101 LY =/13/92

Date P | S

(USE ADDITIONAL SHEETS IF NECESSARY)



Appendix B

LEAVENWORTH NATIONAL FISH HATCHERY
WELL 3

CONSTRUCTION DETAILS

: L

IMP INLET
' AT 76’

NOTE:

GEOLOGIC LOG

o’ —
-13.2'

16-INCH PIPE REMOVED ?

SWL 304" ¥
8/1/898

12-INCH SLOTTED CASING

REDUCTION IN PACKER TO
868" ABOUT 10"

WELL SCREEN 18 FILLED
WITH SAND TO 982’

SCREEN SLOT SIZE, DIAMETER,
& DEPTH IS UNKNOWN

LOG & DATA FROM USBR RECORDS.
VERIFIED BY VIDEO INSPECTION ON 68/18/89

{ 28"

e L2

SAND, GRAVEL & BOULDERS

2 e

SAND & GRAVEL

-] SAND & SMALL GRAVEL

4 35"

COARSE SAND

=t a0’

COARSE SAND & GRAVEL

COARSE SAND WITH SOME GRAVEL

SAND & GRAVEL WITH SOME FINE BLACK SAND

1103’ BOTTOM OF HOLE



Appendix B

%%"ﬂ”%&;: :'“‘ WATER WELL REPORT Application No,
Third Copy — Drillers Copy  _ STATE OF WASHINGTON PRI FO 551
U J. Ut:].lﬂ.l Ll ¥ IUI
OWNER: name_leavenworth-Eish-Hatchery AddressD00_NE Multnomah Street; Portlandy OR-
CATION OF WELL: county__Chelan ' - sﬁr"‘ S 5B ¢ g_g[_n,v,yi_[zﬁ,_
.aring and distance from sectlon or subdivision corner N = e : ‘
3) PROPOSED USE: Domestic [ Industrial Xy 10 | (10) WELL LOG:
Irrigation [] Test Well [ Other =] !‘nrmn‘!‘.m_ nm'!th.l
. uf m gty
4) TYPE OF WORK: Qypers qumberotwel =~ 4,/ - T oI
Method: d
m E Dc::u g 3';.':@3 _large rocks 3%-5"
; Reconditioned [] Rotary{¥  Jettea O | _Gravels & sands
‘:5) DIMENSIONS: Diameter of well % _Gravel & rocks
prined 324 _#  Depth of completed well Gravel & | arge rocks
§) CONSTRUCTION DETAILS: "'E?Z{,’S% g ;ggllg
Casing installed: _28 - ptam. trom ... 0_ 2t to . 20 s 1 % cands 76 1312,
e 16— ptam. trom G- 4 0 2375 | 75 avel Coarse 1121181
” Gravels & sands 181 45
Perforations: yes No O CIays % gravels 312
Tave of petoraor u-ed——lQﬂid:fiﬂew — | “Quartzite in rock 312 [318°
of .
e etocations s 95 v0 118 o |—Quartz, white & gray granite 1 318 324
. perforations from ....165.— tt. to 175 2t : :
perforati from e I, tO 1t. 3

Screms. Y No O
ﬂ)('x-m:“ UOP_Johnson

'rme-_hliz:ewrap.__—_—-_—
Diam. e~ GG §G— 1=15-_1ﬁ5 12_5_225
Diam. Slot size # to
Gravel packed: yes NoO  Sizeof gmv_elléi.ﬂ- /8%
Gravel placed from mx 0 1t. to 50 1t
Surface seal: ve)j NoO To what deptn? PR
used in seal Neat Cement
Did any strata contain unusable water? Yes O NoX
Type of Water?......owwe Depth of strata e S
Method of sealing strata off.
--17). PUMEP: ‘s Name.
L Type: : HP, .
(8) WATER LEVELG: ISl o AE feller
batic level .4 & below top of well Date, /Q,.-IL?‘ g ;u'ﬁﬂ' 2 /-/5-%
irtestan p ibs. per inch Date.

Artesian water is controlled by.

(Cap, valve, etc.)

;9) e fowered below siatie level, 2” ork.s 7 w2 complees 221, 4
was a pump test made? Yes No If yes, by whom

Y1 200 gal/min. with §5 _1t. drawdown after 3 hrs. | WELL DRILLER'S STATEMENT:

This well was drilled under my jurisdiction and this report is
" true to the best of my knowledge and bellef.

Recovery data (time taken as zero when pump turned off) (water level
asured )

from well top to water level
AME...
| Time Water Level | Time Water Level | Time Water Level N LA!NE‘NESIERN- o%%ﬂtn) lNCTT “or pHnD

[ = Address..Po0. BOX_336. & L
Date of test [Signed]..... 6 W La 3 —
lafler test............gal/min. with_ ... ft. drawdown after ... . hrs. (W D

A flow g.pm. Date.
Temperature of water. Was a 1 analysis made? Yes 0 No () | Li No 045’3 Date.. ‘m l._. B, lﬁzﬂ

svveves o aw e AaDvy
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LEAVENWORTH NATIONAL FISH HATCHERY ricure &
: WELL 4

CONSTRUCTION DETAILS DRILLER'S RECORD

LARGE ROCKS, 3"-6"
CONCRETE SURFAGE SEAL GRAVELY & 8ANDS
i
d | UNCONBOLIDATED GRAVEL
o [ "
g GRAVEL & ROCKS
SWL 42X GRAVEL & LARGE ROCKS
168-INCH CABING 8/1/89
}
, o . GRAVEL & ROCKS
- - |e0 v, o
J'="— |:. PERFORATIONS
1-"= [eo’
. * 78’
L
.
[ h ° GRAVEL PACK
y

PEA GRAVEL & SAND

23 |l

— b PERFORATED CASING FILLED
R O WITH SAND TO 101"
N = s
) 1115’ °
0 o o
L
.
e O
: WELL SCREEN a
- .o GRAVEL COARSE
o 5
. .
o @ -
] ‘o
.
“
o
166’ 0
+ PERFORATIONS L "
176" o .
’ . WELL SCREEN
GRAVEL & SANDS
245’
[ ] NOTES: SCREEN SLOT BIZE UNKNOWN.

LOW LEVEL PUMP PROTECTION
PROBE INSTALLED AT 58’

LOG & DATA FROM LAYNE-WESTERN
CO. WATER WELL REPORT.

CORRECTED & VERIFIED BY VIDEO
INBPECTION ON 7/5/%9

CLAYS & GRAVELS

'
a2 QUARTZITE IN ROCK

i
QUARTZ, WHITE & GRAY GRANITE

.

324’ gorTOM OF HOLE




P:1010758022\03\CAD\076802203F3A.ows\TAB:F3 MODIFIED BY TMICHAUD ON Nov 25, 2008 - |1:58

_—2.7-F0QT STICKUP ON 10/07/08

GROUND SURFACE
K\

18 FEET — &

y 34.3 FEET ——

g’/—BENTO\JTE SURFACE SEAL

OGN 10715,/08 /16—INCH DIAMETER STEEL CASING
rd
533 FEET— 5 _
*\ 11.1—FOOT BLANK 14—INCH STEEL
~._RISER PIPE WITH NEOPRENE K
— PACKERS
_BOTTOM OF 16—INCH DIAMETER 9
54.0 FEET —__ La—" CASING £
4, T~
ok TEE 10.0 FEET OF 14—INCH PIPE SIZE E
_——STAINLESS STEEL WIRE—WRAP o
SCREEN WITH 0.020—INCH SLOTS a
5.0 FEET OF 14—INCH PIPE SIZE
74.4 FEET —STAINLESS STEEL WIRE—WRA® SCREEN
La"  WITH 0.015-INCH SLOTS
79.4 FEET —
707 EEEF—F - 0.3-F00T OF 14—INCH STAINLESS
STEEL WELDING RING
| a—15.0 FEET OF 14—INCH PIPE SIZE
STAINLESS STEEL WIRE—WRAP SCREEN
WITH 0.015—INCH SLOTS
94.7 FEET
[ 10.3—FOOT BLANK 14—INCH TAIL
" PIPE WITH BOTTOM PLATE
105.0 FEET
107.0 FEET — _—16-INCH DIAMETER STEEL CASING
PEA GRAVEL BACKFILL WITH BENTONITE
LAYERS AT APPROXIMATE 20-FOOT
—7 INTERVALS (~6 BAGS BENTONITE PER
INTERVAL)
120.0 FEET —

Notes

1. The locations of all features shown are approximate
2. This drawing is for information purposes. It is intended to assist in showing features
discussed in an attached document. GeoEngineers, Inc. can not guarantee the

accuracy and content of electronic files. The master file is stored by GeoEngineers,

Inc. and will serve as the official record of this communication.

AND COBBLES

GRAY TO BROWN GRAVE
SAND AND SILT

GRAY FINE TO COARSE
WITH GRAVEL

GRAY FINE TO COARSE

70-f0

GRAY FINE TO MEDIUM
OCCASIONAL GRAVEL

GRAY FINE TO MEDIUM

GRAY FINE TO COARSE

90—, 7 2

GRAY FINE TO MEDIUM

110
12

7| GRAY FINE TO MEDIUM

12077 = WITH SILT

BROWN SILTY SAND WITH GRAVEL

L WITH

SAND

SAND

WITH OCCASIONAL GRAVEL

SAND WITH

SAND WITH

SILT AND OCCASIONAL GRAVEL

SAND

WITH OCCASIONAL GRAVEL

GRAY FINE TO COARSE SAND WITH
SILT AND OCCASIONAL GRAVEL

SAND WITH

SILT AND QCCASIONAL GRAVEL

SAND

Page 10f2

Well 4A Log and Construction Details

Leavenworth, Washington

Leavenworth National Fish Hatchery, Well 4A

GEOENGINEERW

Figure 3

Appendix B
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P-\0\0758022\03\CADV075802203F 3B. owe\ TAB:F3 MoODIFIED BY TMICHAUD ON Nov 25, 2008 - 12:00

SEE PAGE 1

=

190 FEET —

200

220

FEE] ——

FEET ——

FEET ——

300 FEET —f

328 FEET
333 FEET

Notes

FEET — L

.

o

_——16—INCH DIAMETER STEEL CASING

|

PEA GRAVEL BACKFILL

WITH BENTONITE LAYERS

—AT APPROXIMATE 20-FOCT
/" INTERVALS (~6 BAGS
BENTONITE PER INTERVAL)

__TOP OF 12-INCH DIAMETER

/"~ STEEL CASING

~—BENTONITE SEAL

BOTTOM OF 16—INCH DIAMETER
CASING

BOTTOM OF 16—INCH DIAMETER
BOREHOLE

e sses

/127INCH DIAMETER STEEL CASING

_—BENTONITE SEAL

_ BOTTOM OF 12-INCH
/ DIAMETER CASING

—__BOTTOM OF 12-INCH
DIAMETER BOREHOLE

SEE PAGE 1

A

=7 GRAY FINE TO MEDIUM SAND
ST WITH SILT

GRAY SILTY FINE SAND

BEPTH (feet)

296

190

200

210

220

;_\: GRAY SANDY SILT

GRAY SILTY FINE SAND

GRAY SILTY CLAY WITH SAND

GRAY SILTY FINE SAND

GRAY SILTY FINE SAND
QCCASIONAL GRAVEL

WITH

GRAY SILTY FINE SAND

238

300
e

320~

GRAY SILT WITH SAND

<:.7 GRAY SILTY FINE SAND
- INTERBEDDED SILT

WITH

328

330 -

=1 GRANITIC BEDROCK

MAXIMUM WATER TRANSMITTING CAPACITY OF THE WELL SCREEN IS 670
GALLONS PER MINUTE (GPM) PER THE WELL SCREEN VENDOR.

1. The locations of all features shown are approximate.

2. This drawing is for information purposes. It is intended to assist in showing features
discussed in an attached doecument. GeoEngineers, Inc. can not guarantee the
accuracy and content of electronic files. The master file is stored by GeoEngineers,
Inc. and will serve as the official record of this communication.

Well 4A Log and Construction Details
Page 2 of 2

Leavenworth National Fish Hatchery, Well 4A
Leavenworth, Washington

Figure 3

GEOENGINEERW




WATER WELL REPORT

Appendix B

Application No.

STATE OF WASHINGTON Permit No. ... |
US—Department of THCETIOr
(1) OWNER: nume_leavemworth.~.Eigh Hatchery - Asares..500 NE Multnomah Street; Port]and._m

£2) LOCATION OF WELL: couny. Che}an.
\%ﬂ muction or eubdivision cormer

A S

— My SH v sec 23 124 . nl17E_wa.

(10) WELL LOG:

“
)

(3) PROPOSED USE: » o /
mosm 3 w0 o D v sl LT o
(4) TYPE OF WORK: [piurs weoverst v [ 485 MATERIAL TROM | TO
New well J1  Method: Dug
Despecsd 0O Csbis O Dmvesg | —S20d & gravel 0 5
Reconditioned ] Botury ) —Sand & si1t 5 |13
(5) DIMENSIONS: Dismeter of wall ... 28 ___ inches. cobbles & stanes
Drilea_._ 200 __ft  Depth of completed well 200 & | &5
{8) CONSTRUCTION DETAILS: —fray silt & very fine grain sand !'lng ;;g
Casing installed: 20 - pem. trom . 0. #1 10 . 250, & | —Sray-silt & seams of clay i
wm; L e zmn ool fum gray gravel 223|228
—Gray silt & fine gray sand 224 1240
Perforations: ve g mtx _fGray fine to course sand &
Type of p ﬁﬁ iﬁfﬂg E gﬂﬂ!g;
SIZE of e in by in.
tons from o n el 40 270
piamomia e e gravel 270 | 278
_Medium to course sand & fine to
Screens: yu ) meO — course gravel & bouldersh
i Y ess Stee] SonRs0R———— | T Jayer of rock 4" to 1' thick |275 | 286
Dism. . 10.. Siot stze _065m 249. ﬂ.h_mﬂ. —Besalt 286 1290
Diam. Siot size . to
Gravel packed: veed No  Site of graver: _B.:J.?...__
Gravat placed from _...209 ... 2719
Surface seal: ya X NoO To what deptnr 247 n
Material teed in seal..Ngat- t.
Did any strats contain unusable water?  Yes O we XJ
Typeof water?........_.__ . _Depthof strate— ..
Method of sealing strata off.
(7) PUMP: Manutargurg .._Layne & Bowler o
Type: 'Tﬂ - HP 250
(8) WATER LEVELS: Land-eurface clevation
sutc level 18 s vetow top ot went Dete 1-2FTT
Astestan p Jbe, per square inch Date...... ...
Artesian water 1a
(Cap, valve, etc.)
(9) WELL TESTS: Prawdown (s smount water level ts
Was & pump test made? Yes (X No O3 m by whomr....Layne . Mork sarted 1o ot e W
Yieid: /min. with fi. drawdown after we. | WELL DRILLER'S STATEMENT:
- 1050 = 53 - 2.5 = This well was drilled under my jurisdiction and this report is
- 750 - 40 - 2 ~ | true to the best of my knowledge and bellef.
l-unrytlh( 'rmnmmmwm(mhd
1:.3... e o e .“z;,,,.. o NAME._.__LAYNE WESTERN. COMPANY. . ... o.....
— 5
4 P72 O A T N Y /\ f}
5 27 8 . 26._| 68 20
Date of test ___J1=23-79
Bafler test...____gul/min with ______t drawdown after_______hra. well D T
fow. £9m. Date.
Tempersture of water_ .. Was & chemical analysis mader Yes [} Ne [] | License No.,_.Qaiga.._..,.,.._... Date_Y ;.._Hc_..1 n;]ﬁ

(USE ADDITIONAL SHEETS IF¥ NECESSARY)

A

- 3



Appendix B

LEAVENWORTH NATIONAL FISH HATCHERY FlGURE 7
WELL 5

CONSTRUCTION DETAILS DRILLER'S RECORD
3’ 8TICKUP
B 5 DAND & GRAVEL
‘ SAND & BILT
§ a X SwWL 14' :
7123179 FINE & COARSE S8AND & GRAVEL,

BOME COBBLES & STONES
20'

T

COARBE S8AND. FINE TO MEDIUM GRAVEL

4 v SWL 42'
K x 8/1/88

165

GRAY 8ILT & VERY FINE GRAIN SAND

20-INCH CASING

) X B
:

. L

.

1 |

:

£3 1
’. 2 119°

PUMP INLET AT 120°

-
rad
s

r I
N 3 GRAY SILT & SEAMS OF CLAY
4 8
A 4
J g ;
5 .
4
o

J GRAVEL PACK

T

ra

1210°

e

14-INCH CABING

r e

g
g%g' FINE & COARSE SAND & FINE TO MEDIUM GRAY GRAVEL

TR

GRAY SILT & FINE GRAY SAND

240'

GRAY FINE TO COARSBE SAND & GRAVEL
STONES & COBBLES

W L
N g’
n

49'

0-INCH STAINLESS STEEL
WELL SCREEN .006-INCH 8LOT BIZE

250'

-

SANDSTONE BOULDER

270’
276+ 9RAY FINE TO COARSE BAND & FINE GRAVEL

MEDIUM TO COARSE SAND & FINE TO COARSE GRAVEL
.l BOULDERS & LAYER OF ROCK 4" TO 1" THICK

BASALT
290°'BOTTOM OF HOLE

276'BOTTOM OF WELL

NOTE: LOG & DATA FROM
LAYNE-WEBTERN GO. WATER
b WELL REPORT



Orviginal and Firet Copy with
%m-»u Ecclogy
SRy - Drilers Copy

WATER WELL REPORT
STATE OF WASHINGTON

Appendix B

Application No. . ...

Permit No. ..

@ v owr: v i
2) LOCATION OF W'EI’J.-. County... Lhe]an

500 NE_Multnomah Street; Portland, OR
— My, SE 1, secstD_ 1Y . 2 IFEim.

Address....

%-ﬂdﬂ-ulmmwmm“r

(3) PROPOSED USE: Dowmestic O % a0 | (10) WELL LOG:
ot O T W0 OO | rmeton, S byt ey 7 o S e et
L~ 2 stvatum penetrated, at leaxt ons eniry for each change of formation.
(4) TYPE OF WORK: rouis Bilos’ “‘.‘.,(" 5&._,1'"._... MATERIAL YROK | TO
New wall ;x Mathod: Dug {_{]..-Bored O n '
Despenad Cable O Driven 0 | —Medim brown sand
Reconditioned u Rotary 0 Jethed O _anﬂet._sand_gzuz‘l 10 18
() DIMENSIONS: ) w18 —Sand & gravel: -~ ; -, *____R__ﬂg_“
Deifled. .. 300..--ft. Depth of completed weil.._170 & _Sand_s 11t &_ﬁ.ne_s.tlt..&] aand -day__——_ﬁQ_‘sg ‘“ls?“_
(6) CONSTRUCTION DETAILS: —Llarge gravel, boulders 246 | 300
Casing Installed: 24 ~plam trom .. 0 nw. 20 _=n
Threated 0 .. 14 - Dism. trom . Q- 1w 300 n.
Welded O o™ DHam. O . | Ny pU—— N
Perforations: veap llop;
Type of
SIZE of p n. by =
from 1. %®.
from ft to n
from ®n
mﬂ,z‘:%q w0 yop Jonhson
Type. . Model No.
. m u“mu-_se_m 250. nn_JM.n.
Slot sixm
Gravel packed: yuyy o Size of gravel
Gravel placed from ... —— LD
Surface seal: ves g Ne@  To what deptnr ... gp__u
Material u..a:..m - ._Neat Coment
Did any strata contain unusable water? Yes O Mo XX
Typa of water? .. . —~Depthodstrata._.._____ .
Method of sealing strata off. "
(7) PUMP: .r's Nama ﬁ fobler
pr T " HP _rev'd J-tX-Fo
(8) WATER LEVELS: [jodertecuosan 29
Static level . __ /% . _ N below top of well hor? -
Artesian pressure ... Th. Der aquare inch Date._.
Amm———— ki Cap. valve W13
() WELL TESTS:  Bumialeenss,r ' 21 _wZs

Waa & pump test madet Yes XK No O I yes, WMFETE'_{M
Yield: ls““ﬂm with ft. drawdown after

Recovery data (time s e When pump turned off) (wuier Jevel

MA:&.!I_E-
Eﬁis: DRILLER'S STATEMENT:

m-el!mdxmgdnndumhrhd:cﬂwmdmhupoﬂb
true to the best of my knowledge and belief.

T mate oost | i et Lavet | Toa water zawt | NAME. LAYNE-MESTERN COMPANY. INC. ...
Addram P:0- Box 336,.\ Hosp\,l.a , WA 98837
e . (3

Baller tast. . gal/min with ________ft drawdown after________hre.
Arteslan flow______________gpm. Date
Tempersture of water_.__._._ Was a chemical analysis madet Yes 0] e O

(Signed]...A

e OF33 e M

(USE ADDITIONAL SHEETS IF NECESSARY)

-



Appendix B

{

{le Original and First Copy with
=partment of Ecology

Owner'l
md&)w ~Driller's Cupy

WATER WELL REPORT
STATE OF WASHINGTON

{1 P Of—Trterior

Pepartment 0
fl} OWNER: Hm;_wi-h I?-feh__‘,ﬁaw

CATION OF WELL: m_clmlan

‘;Oand trom’ or ‘subdivision corner

Het 4,

3) PROPOSED USE: Domestc [1 macustral g Municipal O
J : ' Imigation [1 Test Well 1 Other [
(4) TYPE OF WORK: Qruers sumver of we g SBT
T Newwell. [} Iqeﬂmd Dug 0O Bored O

Deepened o ) s d .
o meetu”‘ utwe'n_aﬂx.ls___ 6" inches.

DIMENSIONS:
P 386

Drilled . " £00. . o Depﬂl aleomp!zt.ed

() CONSTRUCTION DETAIL&

Casing installed: 30_.-mmm_ﬂ_&m_20.5n
Threaded 0 10~ Diam. #rém 0 2t 276,111

Welded O * Diam. from 1t. to f®t.
Perforations: vyes a N‘Xﬂ
Type of per
SIZE of perfs in. by in.
from ft. to 1.
from ft. to t.
perforations from ft. to 1®t.
Screens: ves{Y NoO K =z
Man Name_ UOP Johmson .
: a Model No
Diam. Slot size from ft. to 1¢t.
Diam. Slot size from 1t to £t

* Gravel packed: ves
Gravel placed from

Surface seal: ves XX NoO

Material used in

% Nﬁ =] Su.eol mvel %gﬂ&-,sﬂ&'

To 'whattdeszth? —20.5—

Did any strata contain unusable water? Yes O NoXiX - -
Type of water?. Depth of strata
[ dethod of strata off.
(7) PUMPF: rer's Name .
] Type: b :
f _ﬂr feter
B) WATER LEVELS: l.'..l::‘:ie-sunm elevation a_s 7 ! ., IF’?D -

Static level
rtesian pressure
Artesian water is

1 .
£t below twp of well Date.w

oo Ibs. per square inch Date
Tled by.

_ (Cap, valve, etc.)

Drawdown is amount water level is
static level

(9) WELL TESTS:  Drawdowns
'as a pump test made? Yes (X No O If yes, by whomE . E. Luhdorff]

iedd: 1500 gal/min. with t. drawdown atter §,3 hrs.

" ” "

"

- Y "

P

!r:overy data (time taken as zero when pump turned off) (water level
measured from well top to water level)

Water Level

Time Time ‘Water Level | Time Water Level

Work started._. Qw2] ., 19
Loz

WELL DRILLER'S STATEMENT: i
This well was drilled under my jurisdiction and this feport is
true to the best of my knowledge and belief.

NaME.... LAYNE-WESTERN COMPANY, INC.. .. __

(Person, firm, or corporation) (Type or pr!.;:-t)

-
nl

176

q;;";f test _10-12-76

giler test___._____gal/min. with...........ft. drawdown after....._... . _hrs.
rtesian flow. .
Temperature of water.

gpam. Date.

Was a

Add:

P.0. Box 33A; Moses\ake, WA_ 98837

[Signed] \ A= N A, . ) IO

o O3B

made? Yes [J No (O

Date_m l&’_ 19]ﬁ

(USE ADDITIONAL SHEETS IF NECESSARY)




Appendix B

: o i 7
il S o
B WATER WELL REPORT
NM—DHMCODY STATE OF WASHINGTON Permit No. ... . ... .o
u S Bept.—of Intertor
. (1) OWNER: nams_| rth-Figh. . asare. 500 NE MuTtgpmah St., Portland, _03 _____
, 13) LOCATION OF WELL: Chelan m o see 23, 1. 28 N, l.lle.ll
aring and distance from section of subdivislon corner WA o il j,
(3) PROPOSED USE: Domentic [ 1 P oM o | (10) WELL LOG: | 4
s D Tewe D cew O |t Ay o soegand ke ot
y stratum penetrated, with gt least one enivy for sach change of formagion.
(#) TYPE OF WORK: Qs o e o M ( Q—* MATERIAL TROM | TO
New wall HE‘ Mathod: Dﬂl D a
Dewpesed O Cable O Drvenp | Sand & Gravel - Q1 22
Reconditioned [ Rotary B Jeusd O _Cmrs%_g?lald gg :91
(5) DIMENSIONS: et o Rt | G A
Drited.... 195 51 Depth of compierea wett I |00 G Rl 70 (116
(8) CONSTRUCTION DETAILS: - | Lay s L& i:g =
, Sand & Grave __
Casing installed: 14 - piam rrem .0 n o . 170 2. Coa Sand Small Gravel ~ 149 (172
P00 pum om0 e 352 | Boulders 122 177
Branite 177 1195
Perforations: t-q No O
Type of
BIZE of in. by 1a.
from ft. o 7«
from ft. to 13®.
from %t 10 . N
Screens: Yeu No O
Manutacturer's 1;-;;
SRR . U | [
_ﬂ?t ot : e trom 102 1. t0 112 2.
. ._WMm_ﬂ,ﬁm._lﬁunM

Gravel 2 Yes H L "
it b g oy

Gravel placed from

Surface seal: ye J No To what Y B
Material used tn seal...30%. Steel. d?h .=..cemented|

mammumunmkwm Yes O N B

TYD® Of WaterT...... e DEPIB O SR
Method of sealing strata off......... CEMENE ..
(7) PUMPF: yanue ‘s Name.
Type: HP
(8) WATER LEVELS: lLaodeuriace slevation
Statte tevel 90 below top of well mulZ-Zﬂzlﬁ..
Artesian p The. per square inch Date..oooe e
Artesian water is
(Cap, vaive, ste.)
(9) WELL TESTS: Drrared Talow stotic Tevel Jovel & — n
Was « pump test madet YelF) No D 1 yes, by whomt £+ E.Luhdorff Moo Complaiedommmmmns ——
vied: 1600 sal/min with ]  #t drawdown atter 4  hre. | WELL DRILLER'S STATEMENT:
it = 2 = This well drilled und, ction and this is
= = = il 1 e g e B . v Teport
mm(ﬁnhﬁcnummmwm (water Javel
from well top to water level)
e e eter Levst | Tume  Water Levst | NAME .. _LAYHEr.HESTERn!r{..MMX,,-IH(Cﬁ;_;;.;H.)..k,-_.

P,ﬁ‘
Dats of test Signed
Bailer test . __ —gal/min. with it drawdown after.. .. hrs [ 1

S o o= e u 0733

Temperaturs of water______. Was a chemical analysis made? Yes ] No [ No

(USE ADDITIONAL SHEETS IF NECESSARY) M
' -




Appendix B

LEAVENWORTH NATIONAL FISH HATCHERY

" WELL 6

- J!TRUCTION DETAILS

2' sncxupo,

= 25’

]
°
o
of
-
o
.

.

8/1/89

" L 0,

* GRAVEL PACK

N SWL 90’
B 12/20/76

P AP
-
103
! TED
v ?IPE
-113
]

LR AL I S S S U PP S BRI
—
-
N
-

s =
Il

-

e
o
=

iAo

NOTE: LOG & DATA FROM
YNE WESTERN WATER
) ‘L REPORT. CORRECTED
& VERIFIED BY VIDEO
INSPECTION 7/10/89

LOW LEVEL PUMP PROTECTION
PROBE INSTALLED AT 96’

DRILLER'S RECORD

' 14-INCH CASING SWL 47.3' %

b A

e

Yiw .,

",

PR
.

| SAND & GRAVEL

22"
.| COARSE SAND

ETY

GRAVEL (3/8')

52’

s GRAVEL

=== 70’

COARSE SAND & GRAVEL

21115’

CLAY

{139’
| SAND & GRAVEL

~149'

+| COARSE SAND SMALL GRAVEL

172 BOULDERS
177

GRANITE

195’ TOTAL DEPTH

FIGURE 8



Appendix B

;‘.".sm""'&.;’"‘:&“é’mu’“a“ CORY with WATER WELL REPORT A N
Second Owner ch?,
Third Copy — Driller’s Copy STATE OF WASHINGTON Permit No. . ool

U.S. Department of Interior
pv— Md.__snn_NE_Hulinnmah_SImet,_Pm:tlandJL

Mdmlmucummmbdlvtﬂmeomr

3) PRO EDUSE.- ,D' tal g Munt
. 4t Irdigation O Test Well (1 Other

(6) CONSTRUCTION DETAILS: "o | Llas ) N
Casmginsulled,,lﬁ__ MmJ_&huLn raye . ) 14.5_

Welded [] "mm_,_._.n.to

Perforations: yesy NoO
Type of p 4 't used

SIZE of in. by in.
perforations from £t. to ft.
per from ft. to ft.
perf from ft.

Screens: ves® ' NoQ
mw-ndﬂ.ﬂﬂhﬂiﬂm_—_m
Type:Mire wrap Model No

. Dism. 14 Siot stze 50— trom . ]2 tt.t0 82 _ #t.
Dtam. — 14 _ Slot size ...50— from —92 . ¢ t0 110 .

Gravel packed: ves X NoQ  Size of gravel:
] Gravel placed from ft. to ft.

Surface seal: vesyy No 0. To what depmr 30 n
Materlal used in seal 24"..steel-pipe-~-cemented
Did any strata contain unusable water? Yes O No XJ
Type of water?..... e Depth Of Strataee .
Method of sealing strata ot Cement_

: (7) PUMP: manutacturer's Name. -
| Type: HP.

'(8) WATER LEVELS: Land-surtace eley

ation
above mean sea level..

. WS 1
Btattc tevel ... 12 ___# below top of well Date 11=1=76
Artesian p 1bs. per square inch Date. . —— _
Artesian water is by.

(Cap, valve, etc.)

T ”

_9) WELL TESTS: Drawdown is amount water level is

3 lowered below static level N

Was a pump test made? Yes 0 No [ 1t yes, by whonk. E. Lundorff |Gon Mozt e

vield: 40 gal/min. with 33  ft. drawdown after 2 nrs. | WELL DRILLER'S STATEMENT:

[ 1025 = = 4 z This well was drilled under my jurisdiction and this report is
- - » " true to the best of my knowledge and belief. :

Rccovery data (time taken as zero when pump turned off) (water level
measured from well top to water level)

Water Level | Time  Water Level | Time  Water Levet | NAME... I‘AYNE"NESIERN'“%'A"NH‘,H, (Type or print)
Address....P. (... BMBQ ﬂ Dover . ...
“* Date of test [Signed]..._
Bafler test.__ . gal/min. with .. ft. dra after. hrs
Artesian flow. gpm. Date
Temperature of water..._.... Was a chemical analysis made? Yes [] No ] | Li No o % = uD’A ...%.. ....... 5 19.. "




Appendix B

LEAVENWORTH NATIONAL FISH HATCHERY Ficure o
' WELL 7

CONSTRUCTION DETAILS DRILLERS RECORD

1.5' STICKUP
0 =
2 o LARGE BOULDERS
) B I
i g Y SwL 138’ DO 13’
] B 11/1/76 0«9
: 4 -30‘3‘ LARGE ROCK, GRAVEL
] & Pos” «
5 i L2 ' O 29"
: SWL 28 , GRAVEL
) . X 6/1/89 2 0|30
. - O
0 & ° g
o ' 14-INCH CASING fos e
. ) oo ® LARGE ROCK & GRAVEL
] .. s °
) e ‘ -°= °
" GRAVEL PACK L%
o. o -o@‘
N . oo
o o r D
®: 2 =0
: ) l?;’ ’
PMP INLET . 8o’ .. %o e
AT 75" * K A
4 . ] ° b %
o 92 ..
b . s GRAVEL
= o
. . o, .o o
. e
° ) o
. s 110’ =
. Ll o o
b . 115’ ee 04
ne
'e ° °l
L]
) NOTE: WELL SCREENS ARE UOP JOHNSON S
STAINLESS STEEL .050-INCH SLOT SIZE, f ' ,
LOG & DATA FROM LAYNE-WESTERN =31 136
CO. WATER WELL REPORT VERIFIED 254l CLAY STREAKS & GRAVEL
BY VIDEO INSPECTION ON 7/10/399 =228 4 45
LOW LEVEL PUMP PROTECTION e
PROBE INSTALLED AT 70’ o % GRAVEL
’ o 0: °
C: 21 1681'
.o
b O o
o GRAVEL (CLAY TRACES)
e -
. P
o 184’
188 e mock
192'

(GRANITE QUART2)



Appendix B

WATEm-Wme—#Eédm

) ﬁéil(’f //Q T .
e ~_Slots T Gl be el #f #En T

.‘maw i in. by in. | WEW |
- tons rom ft. to a | — .//:J-{ —
g p tions from ft. to s | — Ea ,Lj :
ions from it to - 7t f e
Screﬂu. Ysﬂ uuﬂ e { : RCT
Pl ™ N""' : e | 1. L 1=
ok R 13 Model No—_ —— T
y bhm. Slot size from . to 1t A
. Slot size trom 1t to ft. \\ﬂ\“\
Gravel packed: yesYXX NoO S(neo!mvel —Pea—-— RN
Gravel placed from .28 . to ARV
Surface seal: yesXX' No[d To what depth? 28 . N
Material used in seal_Neat Cement
Did any strata contain unusable water? Yes O N KX
Type of water? Depth of strata A
of sealing strata off. ’ e 3 e
(7) PUMP: u ‘s Name. -
' Type: - HP ’

) WATEE LEVELS: Igndemtcs detion 245

above mean sea Il
Static level ..ﬂé_La ——— 1t below tap of well Datelﬂ‘.?ﬂ__?ﬂ

rtesian p 1be. per square inch Date...... ... .
Artesian water is lled by.
(Cap, valve, etc.)
9) WELL TESTS:  Domipsemsmsiods | ok 5 30 w L
'as a pump test made? Yes[] No §O I ves, by whom?.o
Yield: gal/min. with ft. drawdown after nrs. | WELL DRILLER’S STATEMENT:

- . " "

This well was drilled under my jurisdiction and this report is
. T - " - true to the best of my knowledge and belief.

--ecovery data (time taken as zero when pump turned off) (water level
measured

trom well op 1o water level) nans. LAYNE-WESTERN COMPANY, INC.

Time Water Level | Time Water Level | Time Water Level (Person, firm, or corporation) (Type or print)

aadeese P-0- BoX 3383 Mos e, WA 98837

y. e 0 (2. (U0

adler test_____.___gal/min. with .. ......ft. drawdown after................hr%.
«wItesian flow. g£pm. Date.

Temperature of water............ Was a chemical analysis made? Yes (] No (J | Li No 222 !&h— lr&—-. 1!{8

(USE ADDITIONAL SHEETS IF NECESSARY)



Appendix B

and First with 1 na ti,
e oy m.,";'j;y WATER WELL REPORT Hnsiceion e ]
Third Copy — Driller’s Copy STATE OF WASHINGTON . Permtt No. .... Xk
u.aﬁ‘)@ﬁﬂtﬁt—fﬁ. - Interior :

(1) OWNER: . Address
<) LOCATION OF WELL::.coumty-.--Chelan
Aaring and distance from section or :ubd.{vidon corner

@) PROPOSED USE.

Top .s#31¥sand

—-Sand*&’ gravel’: =i
Caving, sand: &
(5) DIMENSIONS: & acustet o, “Sand's gravel qrave,] _
Drilled 2 5 - Y = =
Deptl of completed weil 213 ot _Sand & gravel
(6) CONSTRUCTION DETAILS: _Bobiiders - :
* Casing installed: 30~ ptam. from —_0_ . t0 .20 2. ~firanite hard Quartzite
Threa: .._lﬁ_.." Diam. ._._ﬂ_
D e s fared o ol 1o Lok,
Perforations: yep mo X - : “ﬂ“’ #
Type of perforator used ol Le well HS
SIZE of in. by . | T .
- from #. to . e e . W,"}‘W‘MW
from ft. to ft. C‘J
t trom 1t to 1. Ve
Screens: S X
- n-xx_ .ﬁ‘.’f uop Jonhson e—
rype_,___.u.im No.
Diam. _lﬁ__ o 80-90 o 95405_ L 115=120
Diam. —=129-127-1 & n o ; i
Gravel packed: ve)@# NoD  size of gravel:. é4.L3,L31' A\
Gravel placed from Q ft. to : 1t %
Surface seal: YHH No To what depth? 20 1
Material used in s eat_Cemen : . e
DIid any strata contaln unusable water? Yes (O N pOX (\\V
Type of water Depth of strata. V
Method of sealing strata off 1
(7) PUMP: ‘s Name.
Type: HP . - ‘
(8) WATER LEVELS: lLindeutwcslerston = ' +
Static level 12t below top of well Datell=2=76. %
Artesian p Ibs. per square inch Date...... .. 7 &
Artesian water is controlled by. :
(Cap, valve, etc.) -
‘(:) WELL '1'1\35:,5Y i g:m';‘;g‘a‘.f:‘:'.a‘é':::::; ‘;“‘ s okl B ety . '
as a p' made' es L] yes, by whom?.E.. ] 1 £
viaa: 800 st/ witn 50t drvwiown ate 7o WRLL DRILLER'S STATEMENT: .
et = - This well drilled und urisdicti d this is
Well Call apsed . = | true to the best of my k]l:gw?gd?g 3.nd betief, S :
neenvery dxu&gu::n;etﬁkg; ‘I: m;;le:mlpump turned off) (water level &
Time  Water Level | Time  Water Level | Time  Water Levet | NAME. LAYNE—NESTERN COMPANY, INC.

(Person, firm, or corporation) (Type or print)

Adaress. P-0- BOX 336; Moses Lake, WA 98837 .

e—— o (L (gl

Bailer test..._....._gal./min. with £t. dr ! after__. . hrs.
Artesian flow. g.pm. Date. 4
Temperature of Water............ Was a chemical analysis made? Yes (] No O | Li No. ({)ﬂ~§‘7, t&l/ ..... L S

(USE ADDITIONAL SHEETS IF NECESSARY) /JW///@ —



Appendix B

SIHHCIrdNo.W l é és 9
| Dot o ooty ™ " WATER WELL REPORT  wcsewewws ARY 292

Second Copy — Owner's Copy

Third Copy — Driller's Copy STATE OF WASHINGTON Water Right Permit No. __
- o A f . R ; = ) - = =
WNER: hame_{/ § f!iij: LA‘,‘_;_[EL../_I e e FLL NIE T e [ A CA 97 070
‘7. ~ . s
LOCATION OF WELL: couy_ C. 17 € /v 4/ NWwSE szl 125 wri7 wm
(2a) STREET ADDRESS OF WELL (or nearest address) Z Lquean Mf_‘l_ / IJ__A /"/ﬂ;{clldvlil
(3) PROPOSED USE: [ Domestic Industrial {] Municipal [ (10) WELL LOG or ABANDONMENT PROCEDURE DESCRIPTION
a I[;n%vall?n TestWell [} Other ] | Formation: Describe by color, character, size of material and structure. and show thickness of aquiters
) eyRaey and the kind and nature of the material in each stratum penetrated, with at least one entry for each
. Owner's number of well - change of information.
(4) TYPE OF WORK: (if more than one) i /i D
New well K Method: Dug (] Bored [] MATERIAL o Lic
Abandoned (] ew - = == : .
Deepened [ Cable K Driven(] 54T Saitel 4 Cotiles [ K
Reconditioned [] Rotary 5} Jetted [J S‘(_ wél ({ e 5 it 4//( - Jf ] o

(5) DIMENSIONS: Diametor of well (z° inches. Covse  Socaiyl 3¢ | L

Driled __/£€ fear Depth of completed well t Dt . Canel o Crgig” Gt 5&
ETAILS Sccerg! A
. = - rd > .

(6) CONSTRUCTION D v } by~ ] L YAV N it X S W L L
Casing Instatied: /L - wantom S 2 o 25 fi s
Welded =] *  Diam. from ft.to ft.

Liner installed (J -
Threaded o *  Diam. from ft. to ft.
Perforations: Yes ]  no [N
Type of perforator used :
SIZE of perforati in. by in.
p ions from ft.to ft.
i from ft.to ft.
from N % (- B, | 1
Screens: Yos [X No [
Mar 's Name TE41Ga .y
Type S5 Model No.
lam. (O _Slotsize ¢ O from__ £ 7 C o 25 ft
[ g T =2
lam. £ @ Slotsize 7 ¢ from__g Mo o ft
Gravel packed: Yes D No [] Size of gravel - .
Gravel placed from ft. to it.
Surface seal: Yes Bd  No []  Towhatdepth? ft.
Material used in seal O ston  Te
Did any strata contain unusable water? Yes D No &i
Type of water? Depth of strata = o
Method of sealing strata off

{7} PUNP: w s Name

Type: HP.

+ Land-surface elevation
{8) WATER LEVEFS' above mean sea level ft.
Static level 35 ft. below top of well Pate _Z /2.5 /S
Artesian pressure Ibs. per square inch Date
Artesian water is controlled by © ; i
ap, valve, elc. =
WorkStared_ [ ~2. 3~ & L 13, G L2 F—C  wFh
(9) WELLTESTS: Drawdown is amount water level is lowered below static level
Was apumptestmade? Yes[ ]~ No[%  ifyes, by whom? . WELL CONSTRUCTOR CERTIFICATION:
Yield: _____ gal/minwith ____ f.dawdownatler s 1 constructed and/or accept responsibility for construction of this well, and its
- s g = compliance with all Washington well construction standards. Materials used and
the inf ion reported above are true to my best knowledge and belief.
Ve . ' =
Recovery data (time taken as zero when pump turned off) (water level measured from well NAME 4’7‘(55: ,7 Z?r‘, 5’: i a0
top to water level) - (PERSON, FIRM, OR CORPORATION]  (TYPE OR PRINT)
Time Water Level Time Water Level Time Water Level i P = ] 7 .
Address<C L7 Teck Ny £ L s A ("’S’)’,
A .
(Signed) (. (. cwsl Lt~ e ¢ anseno. s & 7
(WELL DRILLER)
Date of test )
Bailer test gal./min. with ft. drawdown after hrs. g:;itrardz;ﬁ
Airtest gal./min. with stem set at ft. for hrs. No. i& YT 0& Zﬂ ! Date 3 '-I tf . 19ﬁ'
Artesian flow gp.m. Date SliER o
Temperature of water Was a chemical analysis made? Yes D No D (USE ADDITIONA! 'F7TS IF NECESSARY)




Appendix B

D:\ 0758\ 022\ 0758022A.DWG JGR:DDW BASE
LEAVENWORTH NATIONAL FISH HATCHERY
Production Well No. 10 "
Construction Schematic
Geologic Log PW-10 Construction Detoils
0
Silty sand with cobbles
. s
Medium to coarse sond
10— with gravel and cobbles
——— Surface Secl, 16—Inch—Diometer
20— =20
z5° )
Fine to coarse sand with
silt, grovel and cobbles
30 30
12—Inch—Diameter Steel Casing
Medium to coarse saond
with grovel
40 40 Static Waoter Level (Approximate)
Fine to coarse gravel
with sand
50 50"
—
Fine to medium sand
3
w
=
£ 60—
B
v
o
70 70' 70’
. F-— Neoprene Packer
) —————— Steel Riser Pipe (5 Feet)
Fine to medium sand 75
with gravel
fop) 30-Slot Well Screenx (5 Feet)
3 B0 80’
‘@ az'
=3 e e o 15-Slot Well Screens (15 Feet)
E 90—
=
[4°]
e 95! 95’
w 10-Slot Well Screen* (5 Feet)
100 — Fine to medium sand with 100"
silt. ond occasienol gravel o3 Steel Tail Pipe with Bottom
Plote (5 Feet)
Fine sand with silt and 05
occasional gravel l=——— Fill with Native Sand/Gravel
110 — Boring Completed At 110"

} 3HNOId

JILVAIHOS Ol-Md T13m

«Johnson Type 304 Stoinless Steel Continuous—Slot, 12—Inch—Diameter, Telescope Size.
Design Caopocity of the screen is 510 gpm.

Note: Geology based on driller's log ond GeoEngineers’ review of samples collected by driller.




File Or'gina! and First Copy with
Df.-:.— ~ment of Ecology

Second Copy — Owner's Copy
Third Copy — Driller’s Copy

WATER WELL REPORT

STATE OF WASHINGTON

Appendix B

Slaﬂ.CaﬂiN\:.‘//é3 1 i

UNIQUE WELL 1.D. # ABV 2 4‘.

‘Water Right Permit No.

WNER: NameAL,:S f:/f‘{i v ({7 ".i “r

Address Q/ M //7}' e

Jor Tt il 7 25 —prey

W | GCATION OF WELL: oy C-A </ a1

et wSE w23 125 neal7 w

(2a) STREET ADDRESS OF WELL (ornoarestaess) £ £ Augun Meavedle  Fis Q_l:@oﬂ.wu

Domestic

(3) PROPOSED USE: L) Dome: Industrial [ Municipal (] (10) WELL LOG or ABANDONMENT PROCEDURE DESCRIPTION
Li :;Ia?;m" Test Well [ Other M Formation: Describe by color, character, size of material and structure, and show thickness of aquiters
=] ater and the kind and nature of the malerial in each stratum penetrated, wilh al leas! one entry for each
Owner's number of well change ol information.
(4) TYPE OF WORK: (It mare than one) (/
- Method: Dug (] Bored O s i L
Abandoned New well H
X Deepened  [J GCable [J Driven(] (e n S} i eeel k] A
Reconditioned (] Rotary (] Jetted O C noyacal ug . (e prgiess e /. i 2. (&
(5) DIMENSIONS: Diameter of well [ 6 inches. Fovewent  Taoref (S | &5
Driled _Z_7 &~ fteet. Depthot d well % . Gvas ST (wed ) 55 |26/
Cirgy 5,17 ot Codrss 26/ | Z7¢/
(6) CONSTRUCTION DETAILS: Gra B et ) (!" et 27/ 27F
Casing instaiied: Diam. irom SN | 5 DRI
Welded a i
Liner lstalled O} D!am, from ft.to fi.
Threaded [m] *  Diam. from ft. to f.
Perforations: Yes []  No []
Type of p used
SIZE of perforations in. by in.
perforations from ft. 10 ft.
ions from ft.to fi.
perforations from ft. to ft.
Screens: Yes [] o [A
Manuf; 's Name
TP Bl Abandon-t 1 7%
" : — =y 7
fam. 2:01 size :vom ft. to ft. /?( o Te o, (L (¢ emer crmar
iam, lot size rom, ft. to ft. f =
® . G Cimgp g 225 _20°
Gravel packed: Yes Od No D Sizeof gravel
Gravel placed from ___ ft. to ft.
Surface seal: Yes [ No[]  Towhatdepth? 2 1
Material used in seal (e 7,
Did any strata contain unusable water? Yes |:| No Cl
Type of water? Depth of strata
Method of sealing strata off
(7) PUMP:  Manutacturer's Name
Type: H.P.
(8) WATER LEVELS: Lland-surface elevation
above mean sea level ft.
Static level ___ o f. below top of well Date
Artesian pressure Ibs. per square inch Date oo
Artesian water is by
(Cap, valve, eic.)
Work Started . 19. Compl s .19

(9) WELL TESTS: Drawdown is amount water level is lowered below static level
Was a pump test made? Yas |:] No D
Yield:

It yes, by whom?

gal./min. with ft. after ____his

” " ”" ”

" " ” "

Recovery data (time taken as zero when pump turned off) (water level measured from well
top to water level)

Time Water Level Time Water Level Time Water Level
Date of test
Bailer test gal./min. with ft. after hrs.
Airtest gal./min. with stem setat __ h. for hrs.
Artesian flow gp.m. Date S
Temperature of water Was a chemical analysis made? Yes D No |:|

WELL CONSTRUCTOR CERTIFICATION:
| constructed and/or accept responsibility tor construchon of ths well. and its

compliance with all Washington well M Is used and
the information reported above are true 1o my best knowtedge and belief.

NAME / z_é fﬁ ‘ )q# (% fu
{PER CORPQBATION) cT\'PEORPRINT)

Addrass /

signed) _L (¢ e Tl g it

License No. / /,7
{WELL DRILLER)

Contractor's

Heng ZZ}Q ,j Date _}"‘ ! Lf

(USE ADDITIONAL SHEETS IF NECESSARY)

10 75
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Appendix C

Appendix C: Seepage Monitoring Data

Elev of water surface
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Figure C-1: Hydrograph of water level response in OW-1 and upstream transducer in hatchery

channel
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Figure C-2: Hydrograph of water level response in OW-2 and upstream transducer in Hatchery

channel
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Figure C-3: Hydrograph of water level response in OW-3 and downstream transducer in hatchery
channel
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Figure C-4: Hydrograph of water level response in OW-4 and upstream transducer in Hatchery
channel
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Figure C-5: Hydrograph of water level response in monitoring wells and downstream transducer in
Hatchery channel
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Table C-1. Gate and flow measurements at Structure No. 2 during Oct. 2009 seepage monitoring
personal communication, F. Wurster

Flow in Icicle Crk.
Historic Channel Water Elev. u/s of

Date/Time Structure No. 2

9/29/09 17:00 5 47 1128.6
9/30/09 8:45 5 52 1128.6
9/30/09 9:45 5 52 1128.6
9/30/09 10:37 0.3 46 1129.3
9/30/09 15:03 0.3 53 1129.8
10/1/09 7:20 0.3 54 1129.9
10/1/09 10:37 0.3 54 1129.9
10/1/09 12:40 0.3 55 1129.9
10/1/09 14:40 0.3 55 1129.9
10/2/09 8:40 0.3 54 1129.9
10/2/09 11:50 0.3 64 1130.7
10/2/09 15:10 0.3 69 1131.1
10/3/09 9:10 0.3 87 1133.0
10/3/09 16:00 0.4 108 1132.4
10/4/09 9:30 0.4 99 1131.6
10/4/09 15:20 0.3 78 1132.0
10/5/09 7:50 0.3 79 1132.1
10/5/09 11:50 0.23 64 1132.6
10/5/09 14:00 0.23 64 1132.6
10/6/09 9:30 0.26 90 1132.5
10/6/09 13:00 0.26 90 1132.5
10/7/09 10:20 0.26 60 1130.0
10/7/09 10:45 0.26 59 1129.9
10/7/09 12:10 0.26 58 1129.8
10/7/09 13:20 0.26 56 1129.7
10/7/09 16:20 0.06 14 1131.0
10/8/09 8:10 0.06 18 1133.1
10/8/09 12:30 0.06 18 1133.1
10/8/09 13:00 0.06 18 1133.1
10/8/09 15:45 0.16 47 1133.0
10/9/09 12:10 0.16 40 1131.7
10/9/09 13:20 0.16 40 1131.7
10/9/09 14:30 0.16 40 1131.7
10/10/09 15:20 0.16 35 1130.8
10/11/09 16:25 0.16 38 1131.3
10/12/09 16:00 0.16 39 1131.4
10/13/09 11:00 0.16 39 1131.5
10/13/09 13:35 0.31 70 1131.0
10/13/09 14:00 0.31 68 1130.8
10/13/09 14:40 0.46 95 1130.5
10/14/09 11:20 0.46 50 1128.6
10/14/09 12:20 0.46 51 1128.7
10/14/09 14:30 0.46 49 1128.6
10/15/09 9:40 3 98 1129.0
10/16/09 8:00 3 75 1128.8
10/17/09 7:20 3 92 1128.9
10/18/09 7:25 3 75 1128.8
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10/19/09 9:00 3 197 1129.6
10/20/09 9:08 3 139 1129.2
10/22/09 8:50 3 116 1129.1
10/22/09 15:30 3 124 1129.1

Note: Values in red are estimated



