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Executive Summary 

Siwash Creek is a snowmelt dominated stream flowing over 15 miles to the Okanogan 
River. Fish habitat in the lower 1.4 miles of the Creek is currently limited by stream 
flows that dry up in summer months. Fish passage from the Okanogan River is likely 
impeded in all but the highest of flows by a diffuse channel at the mouth of the Creek 
(Arterburn et al., 2007). Above this, fish passage is thought to be limited to the lower 1.4 
miles of the Creek, above which a series of natural falls likely restricts passage 
(Arterburn et al., 2007). Anecdotal accounts from local residents indicate that in previous 
decades, the stream flowed year-round below the falls. The objective of this study is to 
identify alternatives to restore/augment flows in the lower 1.4 miles of Siwash Creek to 
maximize survival of juvenile steelhead. 

Seven stream gaging stations (Staffs A through G) were established on Siwash Creek to 
evaluate flow losses to groundwater seepage and irrigation diversions and establish flow 
augmentation targets. Gauging was performed between March and November 2011. 
Three gauging stations monitored flow in the lower watershed below Antoine Valley. 
Staff C is located at the top of the 1.4 mile fish bearing reach just below the falls, Staff B 
is near the middle of the reach, and Staff A is near the mouth of the Creek. Discharge 
from Antoine valley was monitored at Staff D, while the upper watershed was monitored 
by Staffs E, F, and G. Aquifers in the project area were evaluated to further 
understanding of groundwater/surface water interactions and to support development of 
flow augmentation alternatives.      

Staff C was the most downstream gaging station with perennial flow for the 2011 
gauging period. Stream flow dried up beginning in early July at Staffs A and B. An 
irrigation diversion (Schaller Right) occurs between Staffs C and D that diminishes flow 
between these stations during the irrigation season. Within Antoine Valley, significant 
losses in stream flow occur as a result of irrigation diversions and seepage to 
groundwater. Anecdotal information indicates continuous flow through the valley only 
occurred for about a 1-week period during the 2011 freshet.    

Target augmentation flows were established for the mouth of Antoine Valley (Staff D) 
and at the falls (Staff C) based on measured seepage losses and habitat flow objectives of 
0.3 and 1 cubic feet per second (cfs) at the mouth of the Creek. To meet the habitat flow 
of 0.3 cfs in 2011, estimated flow augmentation of 1.1 and 1.8 cfs would have been 
required for the non-irrigation and irrigation seasons, respectively, at Staff D.  Because  
flow augmentation targets are based on a relatively short gaging period (8 months) during 
a relatively wet year (2011), an assumed safety factor of 50% was applied to the 
estimated augmentation flows as an allowance for uncertainty and annual climate 
variation.  With the 50% safety factor, flow augmentation of 1.7 and 2.6 cfs are estimated 
to meet the 0.3 cfs habitat objective during non-irrigation and irrigation seasons, 
respectively (Table ES-1). On an annual basis, this quantity is equivalent to 
approximately 1,500 acre-feet. At the falls (Staff C), the annual augmentation quantity is 
reduced to about 1,400 acre-feet. These annual augmentation quantities equate to flows of 
4.9 and 4.5 cfs over the 5-month irrigation season, for inputs at Staffs D and C, 
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respectively. Estimated augmentation flows to achieve a 1 cfs habitat flow are included in 
Table ES-1 below. 

Table ES-1 – Flow Augmentation Quantities at Staff D to 
Meet Habitat Flow Objectives 

Habitat Flow 
Objective 

0.3 cfs year-round 
at Creek mouth 

1 cfs year round at 
Creek mouth 

Annual Augmentation 
Qty (acre ft) 

1,491 2,251 

Non-Irrigation Season 
Augmentation (cfs) 

1.7 2.7 

Irrigation Season 
Augmentation (cfs) 

2.6 3.7 

Note:  Augmentation quantities computed from seepage losses and habitat 
flow objectives with a 50% safety factor. See Tables 2 and 3 for complete 
table notes. 

Several alternatives were examined for enhancing stream flows to the fish passable reach 
below the falls at RM 1.4 including: 

 retiring water rights;  

 converting surface water diversion to groundwater withdrawals; 

 groundwater pumping from a well; and, 

 new surface water storage in the upper watershed.   

Of these, the most feasible augmentation alternative was judged to be retiring irrigation 
rights in Antoine Valley equal to about 4.9 cfs or about 1,500 acre-feet annually.      
Lesser quantities would provide some habitat benefit by extending flow further 
downstream and/or meeting project objective during wetter years, depending on the 
quantity of retired water rights. 

Retiring of Antoine Valley groundwater and surface water rights has uncertainty with 
regard to the timing of instream flow benefit to Siwash Creek. Retired surface water 
rights, when placed in-stream, will infiltrate within Antoine Valley except for the short 
period of continuous flow through the valley. The infiltrated water will accrete onto the 
water table and move with groundwater to a discharge point at the mouth of Antoine 
Valley (near Staff D). At this location, a bedrock constriction forces groundwater to the 
surface through a number of springs. The timing of this discharge should be evaluated 
using a groundwater model to confirm that discharge occurs at a time and in sufficient 
quantity to meet project objectives. In addition, the potential exchange of groundwater 
between Antoine and Siwash Creeks has not been fully characterized. The relationship of 
groundwater flow between these creeks should be further investigated through shallow 
piezometers and water level measurements to ensure that the infiltrated, flow 
augmentation water does not migrate to Antoine Creek. 
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Piping of water from the point of diversion(s) to the mouth of Antoine Valley offers the 
advantage of controlling the timing and quantity of discharge to the Creek. Piping would 
require a change in time of use of the water right from irrigation season to year round and 
a change in place of use.  

Retiring the Schaller Right would provide some benefit to stream flows below the falls, 
but would not provide sufficient water to meet the habitat flow objectives. The effect of 
this option on habitat flows could be investigated by temporarily fallowing fields 
irrigated by this right. 

The next most feasible alternatives rely on groundwater sources. Converting a surface 
water diversion (Schaller Right) to groundwater in the reach between the falls and 
Antoine Valley could extend 0.3 cfs habitat flow an estimated 1,400 feet further 
downstream with flow drying up about 2,800 feet downstream. The Schaller Right may 
be difficult to protect in-stream and hydrogeologic/impairment uncertainty are drawbacks 
for this option. Groundwater pumping from a well in the fish passable reach below the 
falls could extend flow an estimated 2,100 feet from a 200-gallon per minute (gpm) well 
with a discharge point in the lower reach. This option would require a new water right 
and also has hydrogeologic/impairment uncertainty.  

Developing a new surface water storage facility was not determined to be feasible 
because the basin does not produce sufficient water to meet habitat flow objectives after 
downstream losses to seepage and irrigation withdrawals.    

Moving forward, we recommend: 

 pursuing water rights in Antoine Valley; 

 characterizing the groundwater exchange between Antoine and Siwash Creek 
through installation of shallow monitoring wells; 

 evaluating the timing and quantity of instream flow benefit from a retired water 
right through a groundwater model;  

 Investigate fallowing fields irrigated by Schaller Right on a trial basis; and,  

 adaptively managing water right acquisition and retirement through continued 
monitoring.  
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1 Introduction 

The Colville Confederated Tribes Anadromous Fish Division (CCT AFD) is seeking to 
increase stream flows in Siwash Creek, near Tonasket in Okanogan County to enhance 
spawning and rearing habitat for Okanogan River steelhead. A fish passage barrier 
assessment of Okanogan River tributaries (Arterburn, et al., 2007) identified anadromous 
fish habitat in Siwash Creek below River Mile (RM) 1.4; however, low to no-flow 
conditions exist in the lower reach for most of the year. These flow conditions present an 
impediment to fish passage and significantly increase juvenile steelhead mortality. Steep 
stream gradients at RM 1.4 likely present a natural fish passage barrier above the lower 
reach (Arterburn, et al., 2007).  

1.1 Purpose and Scope 
The objective of this study is to identify alternatives to increase flows in the lower reach 
from mid- to late-summer through spring in the lower 1.4 miles of Siwash Creek to 
maximize survival of juvenile steelhead. To accomplish this, Aspect Consulting, LLC 
(Aspect) characterized hydrologic and groundwater conditions in the basin and identified 
and evaluated alternatives to augment stream flows in the lower reach.   

1.2 Flow and Water Quality Objectives 
The Tribes’ primary objective is to provide rearing habitat in the fish-passable lower 1.4 
miles of the Creek by enhancing flows following spring freshet when this reach typically 
dries up. Specific objectives include: 

 Establish perennial rearing habitat in some or all of the lower 1.4 miles of the 
Creek. The minimum flow necessary to sustain juvenile steelhead in the lower 
reach is assumed to be 0.3 cubic feet per second (cfs) with higher flow being 
desirable based on discussions with CCT AFB biologists; therefore, habitat flow 
objectives of 0.3 and 1 cfs were considered in the analysis. This flow should 
extend as far downstream as possible to maximize rearing habitat, but need not 
reach the river to provide rearing habitat benefit.   

 Meet water quality parameters optimal for juvenile steelhead rearing, including 
water temperatures between 45 degrees F and 63 degrees F, dissolved oxygen 
between 5 milligrams per liter (mg/L) and 15 mg/L, and pH between 6.7 and 8.3 
(Bell, 1991). Evaluation of copper and zinc were outside the scope of this study.  
Because the Creek does not appear on the State’s 303(d) listing of impaired water 
bodies, these metals are not expected to be present in concentrations affecting 
targeted species at Siwash Creek.   
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2 Hydrology 

This section presents an overview of the Siwash Creek basin, describes stream the 
gauging network established as part of the study, characterizes surface water flows and 
geologic conditions, and the basin hydrogeology, and presents flow augmentation targets.  

2.1 Basin Description 
The Siwash Creek watershed occupies 48-square miles east of Tonasket, Washington 
(Figure 1). The Creek flows west and southwest for 15 miles from the southwest slope of 
Mount Bonaparte to the Okanogan River in Tonasket. The South and Middle Forks of the 
Creek join to form the mainstem at RM 11.9. The North Fork enters the mainstem at RM 
10.5. The Creek has no other major tributaries.   

The Creek enters a steep, narrow canyon at about RM 8.9 and exits the canyon flowing 
into Antoine Valley at the apex of a broad alluvial fan at RM 5.4. The stream has been 
channelized on the eastern portion of the valley floor and diverted to the north 
downstream of Havillah Road. Except for high flows, the Creek infiltrates into the 
subsurface in Antoine Valley, disappearing about ¾ miles after emerging into the valley 
from the canyon mouth. The Creek remerges at the surface in springs located about 
½-mile north of Fancher Road at RM 3.0. Antoine Creek, located to the north, runs 
roughly parallel to Siwash Creek passing within 2 miles of Siwash Creek at the north end 
of Antoine Valley. 

Downstream of Fancher Road, the Creek passes through a short, narrow canyon that 
opens to an upper glacial terrace. The Creek incised this terrace creating a canyon that 
becomes deeper with distance downstream. A series of small waterfalls formed as the 
stream removed glacial sediments exposing underlying bedrock at RM 1.4. The Creek 
has incised into a lower glacial terrace at about RM 1.7, exits this canyon at about RM 
0.3, and flows across the surface of the Okanogan River terrace, through the City of 
Tonasket (City), under US Route 97 and a rail trestle before entering the Okanogan 
River. The stream channel across the lower ½-mile of the glacial terrace has been 
channelized where it flows through the City (Entrix and Golder Associates, 2004). For 
the purposes of this report, the region lying upstream of Antoine Valley is referred to as 
the upper watershed and the region downstream from this valley is referred to as the 
lower watershed. The stream reach below the falls at RM 1.4 is referred to as the fish-
passable reach.   

The upper portion of the watershed is bounded to the north by Bonaparte Mountain and 
to the south by Barker Mountain. The upper portion is characterized by exposed bedrock 
ridges and thin glacial sediments that occupy regions between the ridges. Vegetation in 
the upper watershed above the confluence with North Fork is dominantly coniferous 
forest and land use is forestry. Land ownership is primarily United States Forest Service.  
The upper portion of the watershed above Antoine Valley, up to the confluence of the 
North Fork, is primarily grassland and shrub-steppe and land use is range with limited 
irrigated lands. Nearly all land downstream of the Okanogan Forest boundary is privately 
owned.   
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The lower watershed from Antoine Valley downstream to the Okanogan River is 
characterized by shallow soils and exposed bedrock in the uplands and thick, relatively 
flat, unconsolidated sediments in the lowlands. Antoine Valley and the upper glacial 
terrace between the falls (RM 1.4) and Fancher Road (RM 3.0) is agricultural with both 
regions irrigated using surface and groundwater from the Siwash Creek system. The 
northern portion of Antoine Valley is irrigated using surface water from Antoine Creek.  
Land use in the lower reach below the falls at RM 1.4 is mixed agricultural and large-
parcel residential except in City limits, where land use is predominantly 
residential/commercial. Irrigation is limited below the falls and uses sources other than 
the Creek.   

Average annual precipitation ranges from 12 inches in the lower watershed to 25 inches 
in the upper watershed on the southwest face of Mount Bonaparte. Most precipitation 
falls in winter months as snow. Precipitation is rare during summer months.   

Surface water storage is limited predominantly to two small lakes occupying bedrock 
depressions on the southwest slope of Mount Bonaparte (Razor Lake and Harbor Lake).   
These lakes drain relatively small areas, and are located over a mile from Siwash Creek.  

Irrigation and Water Rights 
Much of the low lying areas of lower Siwash Creek basin are irrigated.  

Relevant water rights were identified, compiled, and evaluated by Washington Water 
Trust in the Siwash Basin Water Rights Review (WWT, 2011). The document was 
prepared in support of the Tribes’ efforts to develop flow restoration strategies. The 
WWT (2011) report includes numbers of irrigated acres, places of use, and instantaneous 
rates of withdrawal for relevant water rights in the basin. However, locations for points of 
diversion and withdrawal were limited in the report to data available in Ecology’s Water 
Rights Application Tracking System (WRATS) database. Because data from Ecology’s 
source does not contain specific locations, locations of relevant surface water diversions 
and groundwater points of withdrawal upstream of the falls were field verified in winter 
2012 as part of this study and are shown in Figure 10. Additional information regarding 
the WWT report is summarized in Section 3.1.1.   

Antoine Valley is irrigated using water from the Siwash Creek system. This includes 
surface water from the Creek and groundwater in glacial sediments recharged primarily 
from Siwash Creek. Examination of air photo data, conversations with locals having 
knowledge of the site, and information in the WWT report indicate approximately 440 
acres in Antoine Valley are irrigated by wheel line sprinkler and flood irrigation methods 
using water from the Siwash Creek system. In the north half of Antoine Valley, center 
pivot sprinklers operated by Antoine Valley Ranch use water diverted from Antoine 
Creek. Water rights in the WWT (2011) report include the Holmdahl (surface and 
groundwater), Antoine Valley Ranch (AVR) (surface and groundwater), IGO Ranch 
(surface and groundwater) and Laurie (groundwater) rights (Figure 10).   

The other area where significant irrigation occurs lies in the reach between Antoine 
Valley and the falls at RM 1.4. Air photo data examined by WWT (2011) indicate 
approximately 83 acres in this reach are irrigated using wheel lines and hand lines with 
water sourced from surface water diversions on Siwash Creek. These lands are irrigated 
by various landowners using water from the Schaller Right (surface water). Further 
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downstream, other water rights use groundwater to irrigate smaller areas including the 
Gardinier and Culver Rights.   

2.2 Stream Flow 

2.2.1 Gauging 
Data collected in the Siwash Creek basin from spring 2011 through December 2011 were 
used to characterize stream flow patterns. Prior to this study, there were no active stream 
flow gauges on Siwash Creek, no record of continuous flow measurements, and only 
scant point measurements available. Periodic point measurements collected by the 
Okanogan Conservation District between May 2000 and April 2003 indicate mean flows 
of 0.2 cfs and 1.2 cfs for the lower and upper portions of the Creek, respectively (Entrix 
and Golder Associates, 2004). Average annual flow is reported by others as 5 cfs 
(Walters, 1974). Approximately 20 measurements collected by the USGS (Station 
12444400) on lower Siwash Creek between 1957 and 1977 indicate peak flows as high as 
52 cfs occurring on January 9, 19591. Available information indicates the Creek flows 
perennially to the falls at RM 1.4. Flows reported by Okanogan Conservation District and 
Walters (1974) and anecdotal accounts by CCT AFD staff and local residents confirm 
stream flow dries up in the lower reach below the falls during mid-late summer and early 
fall.  

Seven stream gaging stations were established in the Creek from near the mouth to just 
above the confluence of the North Fork in the upper watershed. Five gauges were 
installed as part of the initial scope of work and two more were added 2 months later to 
expand the stream gauging effort. Stream gauge locations are shown in Figure 2. A staff 
gauge was installed at each gauging station and transducers were installed at Staffs D and 
E. Descriptions and rationale for each gauge are described below: 

Staff A – Located at the railroad trestle near the mouth of the Creek at RM 0.1. This 
gauge was installed on May 19, 2011 to characterize flows in the lowermost section of 
the Creek. Flows at this location dry up seasonally following the spring freshet, and this 
station permits measurement of losses to groundwater as the stream traverses the lower 
glacial terrace. Data are limited for this gauge since it was installed later than the others 
and was vandalized and had to be reinstalled. One manual flow measurement was 
collected at the Highway 97 bridge on April 7, 2011 prior to installing Staff gauge A. 
Flows at Staff A dried up in the first week of July 2011.  

Staff B – Located on the upstream end of a corrugated metal culvert where the Creek 
passes beneath a private road on the Nau property at RM 0.8. This gauge was installed on 
May 19, 2011 to characterize flows in the lower reach of the Creek. Flows at this location 
also dry up seasonally following the spring freshet. The station permits measurement of 
stream flow losses as the Creek traverses the lower glacial terrace. Data are limited for 
this gauge because it was installed later than the others. Flows at this location dried up 
the first week of July 2011.   

                                                 
1 There is some uncertainty regarding the location of this station. Station 12444400 is listed as “Siwash 
Cr Trib nr Tonasket Wash.”; however ,USGS water resources web site show the drainage area is listed 
as 0.66 square miles and the listed station coordinates plot far south of Tonasket.  
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Staff C – Located immediately downstream of the falls on the Castelda property at RM 
1.4. This gauge was installed on March 24, 2011 to measure flows downstream of the 
irrigated region between RM 1.4 and RM 3.0 and to establish an upstream control point 
to measure groundwater losses across the lower terrace. Because bedrock crops out at the 
surface, flows at Staff C are assumed to capture nearly all water flowing through the 
Siwash Creek system at this location (i.e., little or no subsurface flow). Data are limited 
for this gauge to times when the landowner could be contacted for access to the site.   

Staff D – Located immediately upstream of the County bridge at the Fancher Road 
crossing. This gauge was installed on April 7, 2011 to measure flows draining Antoine 
Valley. Station D provides an upstream control point for computing flow differences   
between the falls and Fancher Road. The gauge was outfitted with a continuous recording 
datalogger to record changes in stage height and water temperature.   

Staff E – Located on the south side of Siwash Creek Road on property owned by the 
Tribe, at the mouth of the canyon at RM 5.4. This gauge was installed on March 24, 2011 
to characterize flows entering Antoine Valley from the upper watershed above irrigation 
diversions. The gauge was outfitted with a continuous recording datalogger to record 
changes in stage height and water temperature.   

Staff F – Located on the upstream side of a corrugated metal culvert where the Creek 
passes beneath a private road on the Holmdahl property at RM 10.5. Staff F is located 
about 200 feet downstream of the confluence with North Fork Siwash Creek. This gauge 
was installed on April 7, 2011 to characterize flows to define water available for potential 
surface water storage in the upper watershed.   

Staff G – Located on the main channel about 200 feet upstream of the confluence with 
the North Fork on the Holmdahl property. This gauge was installed on April 7, 2011 to 
monitor flows from the South and Middle Forks and allow computation of the flow 
contribution from the North Fork.    

Manual flow measurements were regularly taken at staff gauges during the study to 
characterize flows and establish rating curves. When stage heights were observed to be 
the same as a previous site visit, stage was recorded and flow measurements were not 
collected. The number of manual flow measurements at a given station varied between 9 
and 20, depending on the installation date of the station and the time flow ended (at 
Stations A and B).   

Stage height and flow data were used to develop rating curves for each staff gauge 
(Appendix A). Flows were measured using a Swoffer flow velocity meter. Results of 
stream flow monitoring are shown in Table 1. Figure 3 shows hydrographs for Staff 
Gauges D and E for the period April 7, 2011 through November 2011. Missing data on 
the Staff Gauges D and E hydrographs represent times when the datalogger 
malfunctioned.   

2.2.2 Stream Flow Hydrographs 
Seasonal stream flow patterns in Siwash Creek are indicative of a snowpack dominated  
watershed with limited groundwater storage to sustain baseflows. Stream flow 
measurements (Table 1) indicate flows generally decrease with distance downstream. 
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The hydrograph at Staff E (Figure 3) shows peak flows during the spring freshet which 
occurs from approximately May 1 through the first week of July. The magnitude and 
duration of the 2011 freshet appear to be much greater than normal. Examination of 
stream flow hydrographs since 2003 for nearby Bonaparte and Tunk Creeks indicate the 
unusually cool spring and high snow pack of 2011 delayed the freshet by about 4 weeks, 
with peak flows that were two to three times higher than normal in those basins. Peak 
measured flow at Staff Gauges E through G occurred on May 26 with the highest flow at 
Staff F (21.4 cfs). Peak measured flow at Staff Gauges A through D occurred on June 9 
with the highest flow at Staff D (7.96 cfs).      

Beginning in about mid-July following snow melt runoff from the upper watershed, the 
available groundwater storage sustains flows until the first fall precipitation events. 
Average baseflow at Staff D is about 0.5 cfs which is about 0.5 cfs less than the average 
baseflow at upstream Staff E, although the difference between these stations varies 
(Figure 3). Baseflows are sufficient to extend flow downstream to near the falls at RM 
1.4 (Staff C) where very low -flow conditions were observed in late summer. The 
presence of trout near Staff D (Entrix and Golder Associates, 2004) and anecdotal 
information provided by CCT AFD staff indicate that flow is always perennial at Staff D.  

Flow in the lower reach of the Creek extended to the Okanogan River only when 
sufficiently high to overcome losses to groundwater and irrigation, typically during the 
spring freshet. Beginning in early July, flow ceased below the falls (Table 1, Stations A 
and B). During the fall, precipitation events generated a flashy runoff pattern attributed to 
shallow soils and exposed bedrock in the upper watershed. Flow extended downstream of 
the falls to Staff B beginning in late October, but did not reach Staff A. Anecdotal 
accounts from local residents indicate the stream used to flow perennially across much of 
the lower reach below the falls, but perhaps not all the way to the Okanogan River.   

Differences in flows between gauging stations are discussed further in the groundwater-
surface water section below (see Section 2.5.1).   

Correlation with Long-term Hydrograph 
Stream flow data observed through the monitoring period at Siwash Creek were 
correlated with Bonaparte Creek, which is the neighboring basin to the south to 
synthesize a long-term hydrograph for Siwash Creek. The Bonaparte Creek station is a 
continuous stream flow monitoring station operated by Washington State Department of 
Ecology with a period of record that spans from the beginning of water-year 2003 
(beginning in October 2002) to the present time.   

Available instantaneous flow rates at Siwash Creek obtained from the datalogger at Staff 
E were plotted against simultaneous, instantaneous rates at Bonaparte Creek on 
15-minute increments to develop a linear correlation. The results of that analysis indicate 
that Siwash Creek flows at Staff E are approximately 33 percent of Bonaparte Creek with 
a linear regression coefficient (R2) of 0.83 which is within reasonable tolerance.  

The correlation was then applied to the 10-year period of record data at Bonaparte Creek 
to synthesize a yearly hydrograph for Siwash Creek over the same time span.  
Hydrographs for the 10th, 50th and 90th percentile probability of exceedance were 
formulated and plotted. These results are shown in Figure 11.  
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Potential sources of error are inherent in the hydrograph synthesis given the relatively 
short monitoring period for Siwash Creek. Much of the uncertainty related to this 
correlation could be resolved through continued monitoring of the Siwash Creek stream 
flows.     

Additional sources of error may exist with this methodology, including potential variance 
in basin characteristics based upon basin drainage area and timing of peak runoff.  
Bonaparte Creek is a substantially larger and higher drainage basin with significant 
surface water storage that is absent in the Siwash basin. The larger drainage area 
associated with Bonaparte Creek and presence of surface water storage may affect timing 
of peak flows associated with rainfall events that may lag those observed in the Siwash 
Creek basin. 

Water Quality 
Water quality measured in the Creek during this study was limited to temperature 
recorded by dataloggers at Staff gauges D and E. These data are shown in Figure 4.  
These data are incomplete for the period covered by this study due to the dataloggers 
malfunctioning from about mid-May through the end of July for Staff D and late 
September for Staff E. The record at Staff D captured the most critical period during the 
summer when freshet flows had receded and air temperatures were warmest. Maximum 
temperature for the available data was 66 degrees F at Staff D on May 10, 2011. 
Temperatures during the lowest measured flows in late August and early September at 
Staff D were less than 60 degrees F.   

Water quality parameters measured by the Okanogan Conservation District (OCD) in 
2000, as summarized in a report on limiting factors (Entrix and Golder Associates, 2004), 
are determined to be suitable for salmonid habitat with water temperature reported to be 
below 64 degrees F.  The limiting factors report noted that some water quality parameters 
above Antoine Valley do not meet requirements for salmonid species but indicated this is 
likely not a concern for the fish-passable reach below Antoine Valley. When sufficient 
flows for fish habitat were present, the limiting factors report found the water quality in 
the fish passable reach to be good. 

2.3 Geologic Conditions 
The geologic setting of the Siwash Creek vicinity is characterized by glacially overridden 
bedrock uplands overlain by unconsolidated sediments in low lying areas, including the 
Antoine and Okanogan River Valleys. The principal geologic units from a 1:100,000 
scale map compilation from Washington Department of Natural Resources are presented 
in Figure 5. The Okanogan River Valley bottom has an elevation of approximately 900 
feet and is comprised primarily of alluvium. Continental glacial deposits form gently 
sloping terraces on the valley margins to elevations of approximately 1,400 feet. These 
terraces have been deeply incised by drainages including Siwash Creek. The glacial 
terraces terminate on the eastern margin of the valley where they abut bedrock uplands 
including Duffys Mountain to the east. Bedrock outcrops on nearly all of the ridges in the 
basin, including the 7,200-foot summit of Mount Bonaparte. Continental glacial 
sediments mantle bedrock depressions between ridges and cover much of the southwest 
slope of Mount Bonaparte, including the headwater drainages of Siwash Creek.   
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Alluvium consisting of layered silt, clay, sand, gravel and cobbles was deposited across 
the Okanogan River floodplain in the period following retreat of the glacial ice sheet, as 
the river incised underlying glacial deposits. Alluvium in the Siwash Creek bottom is 
primarily confined to the narrow creek floodplain near the mouth of the Creek (Figure 5). 
Much of the surface of Antoine Valley is covered by a broad alluvial fan extending from 
the mouth of the canyon at RM 5.4. Examination of air photos and topography indicate 
the stream channel has historically migrated across the surface of the alluvial fan 
depositing over 80 feet of alluvium onto the underlying glacial drift. In the upper 
watershed above Antoine Valley, the stream channel alternates between incised narrow 
canyon cut into glacial drift and wider floodplains having braided channels.   

Glacial deposits consisting primarily of fine sand, silt, and layers of clay and coarse sand 
and gravel were deposited by the Okanogan lobe of the Cordilleran continental glacial ice 
sheet, approximately 10,000 to 12,000 years ago. Following glacial ice retreat, the 
Okanogan River incised glacial sediments occupying the entire valley, leaving behind 
remnant glacial terraces along the valley margins and filling a bedrock depression at 
Antoine Valley. Siwash Creek has incised a straight, steep-walled canyon into the glacial 
terrace beginning at about RM 1.7. This canyon narrows and deepens with distance 
downstream to a depth of approximately 150 feet. The Creek emerges from this canyon at 
about RM 0.3 where it traverses a lower terrace through the City of Tonasket to the 
confluence with the Okanogan River.   

Well log data indicate the depth to the bedrock surface varies in the lower watershed.  
Glacial drift generally becomes thicker to the west toward the Okanogan River Valley 
axis. Glacial drift thickness ranges from less than 100 feet near the valley margin to 
greater than 360 feet toward the valley axis, although variability in this trend is indicated 
by Well 15D01, where bedrock was identified at a 60-foot depth. Bedrock crops out at 
the falls where the Creek has deeply incised glacial sediments.   

In the upper watershed, bedrock forming the glacially-overridden Mount Bonaparte is 
primarily mapped as crystalline banded gneiss. In the lower watershed, bedrock forming 
Duffys Mountain to the north of the Creek is mapped as metamorphosed sedimentary and 
volcanic rocks and tuffs. These rocks have little or no intrinsic permeability and yield 
water from secondary fractures. Bedrock is mantled in places by thin glacial deposits 
primarily concentrated in drainage bottoms and depressions on the bedrock surface. As 
stated above, depth to bedrock in the lower watershed increases toward the Okanogan 
River valley bottom.  

2.4 Hydrostratigraphic Units and Aquifers 
A hydrostratigraphic unit is a geologic unit or collection of geologic units that exhibit 
similar hydraulic characteristics. Examination of well data obtained from Ecology’s well 
database indicate two principal hydrostratigraphic units in the Siwash Creek vicinity: 

 Glacial Drift Aquifer 

 Bedrock Aquifer 
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Well logs in the vicinity of the Creek are contained in Appendix B. Well locations are 
presented on Figures 6 and 8 with the locational accuracy provided. Cross sections 
showing groundwater levels and hydrostratigraphic units from well log data are shown 
for the lower watershed downstream of Staff D at RM 3.0 and for Antoine Valley.   

Glacial Drift Aquifer 
The glacial drift aquifer represents the most important groundwater resource in the Creek 
vicinity. This aquifer generally consists of glacial outwash deposits comprised of sand 
and gravels. Locally, layers of silt and clay form aquitards at varying depths within the 
glacial drift aquifer. The glacial drift aquifer occurs in three distinct locations:  the glacial 
terrace from about the falls at RM 1.4 (near Staff C) downstream to the Okanogan River, 
the upper portion of the glacial terrace from about the falls upstream to a point about ½- 
mile below Antoine Valley (Staff D), and Antoine Valley.   

Glacial terrace from the falls downstream to the Okanogan River. Available well log data 
indicate the aquifer is relatively thick and laterally extensive. Aquifer thickness exceeds 
360 feet and water-bearing units are comprised of fine- to coarse-grained sand. Well 
completion depths range from 64 feet at 16A04 to 358 feet at 15M01. Generally, the 
glacial aquifer tends to be more productive in closer proximity to the Okanogan River.  
Well yields are moderate to good ranging from 21 gallons per minute (gpm) at 16A04 to 
200 gpm in a 12-inch well at 15A012 (Figure 6). One well, 15D01 located about 300 feet 
north of the Creek, is completed in bedrock present within 60 feet of the surface, 
suggesting the bedrock surface undulates significantly beneath the glacial terrace.    

Upper glacial terrace from the falls upstream to ½-mile below Antoine Valley 
(approximately RM 1.4 to RM 2.2). Available well log data in this agricultural and large-
parcel residential area indicate the aquifer is thin and laterally discontinuous. Few wells 
are actually completed in the glacial drift and most wells in this area are completed in 
bedrock with very low to no yield. Where present, aquifer thickness is less than 100 feet 
and water-bearing units are comprised of sand and gravel. Wells completed in glacial 
sediments are completed at depths from 60 feet at 14F01 to 94 feet at 14B03 (Figure 6). 
Yields for these wells are generally low to moderate ranging from 0.5 gpm to 10 gpm. 
One well (14D02), assumed to be completed in glacial drift at a depth of 58 feet is 
reported to yield 100 gpm. The glacial drift in this area is recharged by infiltration from 
Siwash Creek, mountain front recharge, and direct precipitation to the surrounding 
tributary area.     

Antoine Valley. Available well log data in this irrigated agricultural area indicate the 
aquifer is relatively thick and laterally extensive throughout the valley. Subsurface 
conditions in Antoine Valley are depicted in the cross section shown on Figure 9. Aquifer 
thickness exceeds 160 feet based on Well 12A02. Water-bearing units are comprised of 
sand and gravel occurring between fine-grained layers comprised primarily of clay. The 
aquifer tends to be thinnest at the valley margins and thickens toward the center of the 
valley.  Well completion depths range from 10 feet at 01P01 to 142 feet at 06P01 with 

                                                 
2 The well yield on the log for this well is difficult to read (see Appendix B for copy of well log). The 
200 gpm should be confirmed through contacting the current owner and testing, if necessary. The 
location of this well was adjusted from the ¼ , ¼  section location based on hydrogeologic information 
on the well log and owners name. The well location should be field verified. 
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most wells completed at depths less than 50 feet. Well yields are typically good, but 
range from 1.5 gpm at 06P01 to 350 gpm at 01J01. Most well yields are greater than 50 
gpm and the higher yielding wells are used for irrigation. Well yields tend to be greater in 
the middle of the valley. Two wells (12C01 and 12F01) and one dry well (01L01) 
encountered bedrock near the valley margin (Figure 8). The glacial drift in this area is 
recharged by Siwash Creek, mountain front recharge, direct precipitation to the 
surrounding tributary area, and potentially by losses from Antoine Creek (see Section 
2.5.2).   

Few wells are completed in the glacial drift or alluvium in the upper watershed above 
Antoine Valley.   

Bedrock Aquifer 
Crystalline bedrock forms aquifers having limited recharge and groundwater storage 
throughout the Siwash Creek basin. Most wells above the falls and below Antoine Valley 
are completed in bedrock at depths from 63 feet to 605 feet and have very limited to no 
yields (Figure 6). Closer to the river, Well 15D01 is completed in bedrock at a depth of 
400 feet and yields 10 gpm; the highest yield for any well in bedrock below Antoine 
Valley.   

Within Antoine Valley, one well completed in bedrock (12F01) yields 30 gpm and 
another well appears to have encountered bedrock (12C01). Both wells are located in the 
southern portion of the valley near the valley margin (Figure 8). Depth to bedrock in both 
wells is less than 50 feet.   

Most wells in the upper watershed above Antoine Valley are located in upland areas 
away from the creek and are completed in bedrock with small yields typically less than 
10 gpm.  

2.5 Groundwater Flow 
This section presents an evaluation of groundwater surface water interactions, 
groundwater recharge and discharge, and flow.   

2.5.1 Surface Water/Groundwater Interactions 
Groundwater and surface water interactions were evaluated to quantify flow losses and 
gains along the Creek and to determine the quantity of project water required to 
overcome seepage losses and reconnect the Creek to the Okanogan River.   

Stream reaches are generally described as gaining, losing, or neutral. Gaining reaches 
develop where surface water or groundwater input to the stream increases flows and the 
groundwater level is higher than the surface water level (positive hydraulic gradient). 
Losing reaches develop where surface water in the stream infiltrates through the 
streambed to recharge groundwater. In losing reaches, the surface water level is higher 
than groundwater level (negative hydraulic gradient). A losing condition may be naturally 
occurring or induced by pumping. An unsaturated zone may exist between the 
groundwater and surface water indicating a stream that is disconnected from the 
groundwater system (Winter et al., 1998). Under a detached condition, a stream loses to 
groundwater, however, seepage from the streambed is not controlled by depth to 
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groundwater. Thus, pumping from a well adjacent to a detached stream would not 
increase seepage losses.     

The interaction of surface water and groundwater was investigated through the use of 
seepage runs (measuring stream flow in the upstream and downstream reach of the Creek 
and computing the relative difference in flow). Typical measurement error associated 
with a manual flow measurement using a velocity meter has been estimated at 5% (Rantz, 
et al., 1982); therefore, differences in flow between two stations are within the 
measurement error, if the difference is less than 10% of the two flow measurements. 
Differences between flow at upstream and downstream stations results not only from 
gains/losses to groundwater, but also may include surface water withdrawals and return 
flows. 

Losses from the Creek to groundwater in the lower reach below the falls contribute to the 
Creek going dry for most of the year. The losing characteristic of the lower Creek reach 
is similar to many tributaries to the Okanogan River. These creeks experience their 
greatest losses to groundwater in the lower most reaches where they traverse glacial and 
alluvial deposits that coarsen toward the river (Sumioka and Dinicola, 2009). Such stream 
flow losses have been observed at Antoine and Tonasket Creeks, where low or no flow 
conditions occur near their confluence with the Okanogan River. Siwash Creek presents 
characteristics similar to these tributaries, including an upper watershed dominated by 
exposed bedrock and shallow soils having limited groundwater storage capacity and a 
lower reach that traverses coarse deposits where losses to groundwater are accelerated.   

2.5.1.1 Seepage Runs 
Results of the surface water/groundwater characterization from seepage runs are 
summarized in Table 1 and discussed below. 

Seepage rates were estimated between gauging stations using data from seepage runs.  
The difference in discharge between two adjacent stations was compared and divided by 
the distance between the stations to compute a seepage rate. When estimating seepage 
rates, efforts were made to account for the effects of irrigation withdrawals by evaluating 
seepage losses during irrigation and non-irrigation seasons and by estimating irrigation 
withdrawals within each reach.   

Staff B to Staff A – Lower Reach from the Nau Property to the railroad trestle 

Summary: Flow is intermittent along this reach with flow drying up at the end of 
freshet. The reach is losing when flowing and losses are attributed to seepage to 
groundwater. Average seepage losses of 1.03 cfs were estimated for this reach.  

Seepage runs indicate this reach displays strongly losing characteristics with stream flows 
at both gauges rapidly diminishing to a no-flow condition at the end of the freshet (early 
July). Flow resumed to Staff B in the fall, after irrigation season stopped, but did not 
extend downstream to Staff A. Losses generally tend to increase with increased stream 
flow, although the greatest loss did not coincide with the peak of the freshet, but rather 
occurred during the early part of the freshet (peak loss of 2.20 cfs occurred on May 24 
compared to loss of 0.91 during peak measured flow on June 9) (Table 1). No known 
surface water irrigation diversions are present in the Creek along this reach and losses are 
attributed to seepage to groundwater.   
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Several groundwater points of withdrawal are mapped in Ecology’s WRATS database 
near the mouth of the creek in close proximity to the Okanogan River, minimizing the 
potential for groundwater withdrawals to impact Siwash Creek flows. The Culver right is 
mapped further upstream and the point of withdrawal for this right should be located to 
evaluate potential effects on stream flow (see Section 3.1.1).  

The seepage rate between Staff B and Staff A was estimated from the average loss of 
0.74 cfs along 0.72 miles between the gauges at 1.03 cfs per mile of stream length.   

Staff C to Staff B – Lower Reach from the falls at RM 1.4 to the Nau property 

Summary – This reach is predominantly losing. The lower portion of the reach is 
intermittent and dries up at end of freshet. Losses are attributed to seepage to 
groundwater. Average seepage loss of 1.17 cfs per mile is estimated for this reach.  

Seepage runs indicate this reach displays predominantly losing characteristics. Four 
seepage runs were made, two during the freshet and two in the fall after the irrigation 
season. Three of four seepage runs indicated a losing condition. Peak loss of 1.85 cfs 
occurred during high flows on June 9, 2011, and is attributed to seepage to groundwater 
and bank storage. Groundwater seepage is the likely mechanism of loss during the lower 
fall flows. The fourth seepage run, during the freshet, was within measurement error and 
indicated a near neutral condition, potentially related to releases from bank storage.  

No surface water irrigation diversions are present in the Creek between Staffs C and B. 
One groundwater point of withdrawal appears to be mapped in Ecology’s WRATS 
database in this reach and may be associated with Well 15A01, which appears to be an 
irrigation well. This and several domestic wells are located within 200-300 feet of the 
Creek. The location of these wells in close proximity to the Creek suggest the potential 
for hydraulic continuity, and this potential should be evaluated for any irrigation wells.  

The seepage rate between Staff C and Staff B was estimated from the average loss of 
0.77 cfs along 0.66 miles between the gauges to be 1.17 cfs per mile of stream length.   

Staff D to Staff C – Irrigated Area between Antoine Valley and the falls at RM 1.4 

Summary – This reach loses during irrigation season and is slightly gaining during 
non-irrigation season. Losses are attributed to irrigation diversions. 

Seepage runs indicate this reach displays losing characteristics during irrigation season.  
A total of 15 seepage runs were made between these stations. Of the 10 measurements 
made during irrigation season, 7 measurements indicate losses and 3 lie within 
measurement error. Measurements taken during non-irrigation season indicate a neutral 
to gaining reach, with 2 seepage runs showing a gain, one showing a loss, and 2 that lie 
within measurement error. The one measurement showing a measureable loss was taken 
on April 27 when some irrigation may have already begun. Otherwise, the contrast in 
losing conditions during irrigation season and gaining conditions during non-irrigation 
season is consistent and suggests losses are predominantly related to irrigation 
withdrawals. This region is irrigated using surface water diverted from Siwash Creek.    

During irrigation season, including the April 27 measurement, seepage runs show an 
average loss of 0.48 cfs. Gains during non-irrigation season average 0.10 cfs and are 
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attributed to direct precipitation to the tributary area along the 1.67 miles of this reach, 
mountain front recharge, and groundwater inflow from Antoine Valley occurring 
immediately downstream of Staff D. In the absence of irrigation diversions, this reach is 
likely neutral to slightly gaining.    

Staff E to Staff D – Antoine Valley 

Summary – This reach is predominantly losing. Continuous flow through Antoine 
Valley occurred for about 1 week during the 2011 freshet. Losses are attributed to 
irrigation diversions and seepage to groundwater depleted during irrigation season.   

Seepage runs indicate this reach is predominantly losing. This reach traverses Antoine 
Valley and surface water flows diminish as water infiltrates to the subsurface. Flows 
re-emerge to the surface in a series of large springs upstream of Staff D. The valley floor 
is irrigated using water from the Siwash Creek system. Locations of surface water points 
of diversion and groundwater points of withdrawal are shown in Figure 10.   

A total of 19 seepage runs were made along this reach. Few measurements were made 
prior to the onset of irrigation season, but the two available measurements indicate a 
neutral condition suggesting the aquifer was near fully recharged when these 
measurements were taken in April. Peak loss of 7.09 cfs occurred on May 26 during high 
freshet flows. This loss is primarily attributed to recharge of groundwater storage and 
irrigation withdrawals. A water balance performed along this reach presented in Section 
2.5.2 indicates non-irrigation season seepage losses recharge groundwater storage which 
is important for meeting the irrigation demand.   

Stream flow losses during the irrigation season averaged 1.69 cfs  and during the non-
irrigation season averaged 0.60 cfs  (Table 1). The losses are attributed to a combination 
of seepage to groundwater and irrigation diversions. Seasonal aquifer depletion induced 
by groundwater withdrawals likely induces seepage loss to groundwater.  

Staff F to Staff E – Upper watershed above Antoine Valley 

Summary – This reach is predominantly neutral to slightly gaining. Gains are 
attributed predominantly to surface inflows. Minor losses are attributed to 
phreatophyte uptake occurring in late summer-fall. 

A total of 21 seepage runs along this reach indicate the following conditions:  

 During the freshet, conditions were predominantly neutral, but a large loss was 
noted during the peak flow, presumably the result of localized flooding increasing 
bank storage and/or potentially a significant flood crest that was measured at 
Staff F but had not yet reached Staff E.  

 From summer through early fall, conditions are also near neutral, but a small, 
consistent loss was computed likely in response to water uptake by 
phreatophytes. Rates of loss to groundwater and/or uptake by vegetation along 
the 5.11 miles between Staff F and Staff E were estimated to be 0.03 cfs per mile 
of stream length from measurements taken August 19 through October 2).   

 Late October to November, the reach is gaining, with gains attributed to inflows 
from ephemeral surface drainages and potentially groundwater inflow. 
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Staff G to Staff F – Upper watershed above to the confluence with North Fork 
Siwash Creek 

Summary – North Fork Siwash Creek inflow averaged 0.89 cfs.   

Differences in flows between Staff G and Staff F are indicative of the surface water 
contributions from the North Fork. Because these gauges are located within several 
hundred feet of each other, surface water/groundwater interactions are likely very small 
compared to the volume of water input from the North Fork. Flow from the North Fork 
averaged 0.89 cfs and peak contribution from this tributary was 7.36 cfs on May 26, 
2011.   

2.5.2 Recharge and Discharge 
Water Balance for Irrigation and Non-Irrigation Seasons 
 
Antoine Valley 
Irrigation withdrawals in Antoine Valley were estimated through an irrigation demand 
analysis on the irrigated land in Antoine Valley (excluding land irrigated from non-
Siwash creek sources). Seepage runs between Staff E and Staff D were analyzed and 
compared to irrigation withdrawals to evaluate the basin water balance and potential 
sources of error.   

The irrigation demand analysis was performed using Washington Irrigation Guide (WIG) 
methodology (NRCS, 1997). A representative location (Omak) and crop type 
(pasture/turf) were selected from Appendix A of the WIG to perform the analysis. Data 
from air photos, discussions with local farmers and review of WWT 2011 were used to 
determine the applicable areas (440 acres) which are irrigated mostly by wheel-line 
methods (some flood irrigation also occurs). Using this approach, irrigation demand 
(assumed to be equal to irrigation withdrawal) averaged 3.41 cfs through the irrigation 
season with peak demand of 5.76 cfs occurring in July.   

A component of the irrigation withdrawals returns to the aquifer due to irrigation 
inefficiencies. A return flow factor of 15-percent for wheel line methods was utilized in 
the WIG analysis to estimate system losses through consumptive use based on 
Washington Department of Ecology’s Guidance for Determining Irrigation Efficiency 
and Consumptive Use (Ecology, 2005). Applying the return flow factor indicates an 
average consumptive irrigation demand of 2.90 cfs.   

A water balance along this reach using stream flow loss data from Table 1 was developed 
for comparison to irrigation withdrawals. Irrigation withdrawals between Staffs D and E 
occur through a combination of wells and surface diversions (Figure 10). The estimated 
consumptive irrigation withdrawals of 2.9 cfs is significantly greater than the average 1.7 
cfs irrigation season loss measured between Staffs E and D. Non-irrigation season 
seepage losses averaged 0.6 cfs and partially offset the irrigation season seepage deficit, 
but are insufficient to account for the full irrigation withdrawal. Consumptive 2011 
annual irrigation withdrawals totaled an estimated 877 acre-feet, while annual seepage 
losses were estimated at about 770 acre-feet. The similarity of these estimates (recharge 
is 87% of withdrawals) suggests irrigation demand is largely met by annual seepage 
losses from Siwash Creek. Additional sources of recharge including direct precipitation 
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and mountain front recharge likely contribute to Antoine Valley aquifers. Potential 
uncertainties in water use estimates and irrigation efficiency could contribute to the 
discrepancy.  

Below Antoine Valley 
A similar approach was used to estimate irrigation withdrawals in the irrigated area 
between Antoine Valley and the falls at RM 1.4. The Schaller water right (a surface water 
right) is the primary water right in this reach (Figure 10) and irrigates an estimated 83 
acres (WWT, 2011) with an estimated irrigation season withdrawal of 0.68 cfs  (206 
acre-feet) with peak demand of 1.17 cfs occurring in July. Allowing for a 15% irrigation 
return flow for wheel line methods (Ecology, 2005), the average consumptive irrigation 
use is estimated at 0.58 cfs (175 acre-feet).  

In comparison, losses from seepage run data for the irrigation season in the irrigated area 
between Antoine Valley and the falls at RM 1.4 average 0.48 cfs (143 acre-feet) (Table 
1) is within 20% of the estimated consumptive irrigation use. The similarity of these 
estimates indicates that the estimated irrigation demand is largely met by direct surface 
water diversions. The difference is attributed to the 0.1 cfs gain along this reach 
(measured during the non-irrigation season).   

Recharge, Discharge and Groundwater Flow Directions 
Recharge to the glacial drift aquifer occurs via stream flow losses and direct 
precipitation/mountain front recharge. In the lowermost portion of the watershed near the 
Okanogan River (i.e., near Staff A), the glacial drift aquifer is in hydraulic continuity 
with the greater Okanogan Valley aquifer. Groundwater flow directions in the aquifer 
near the river are likely subparallel to the south flowing river. Groundwater elevation data 
suggest the glacial drift aquifer discharges into the Okanogan River which likely 
comprises a natural, regional discharge zone. Water levels in wells near the mouth of 
Siwash Creek including wells 09R01, 16A01 and 16A04 indicate groundwater elevations  
are up to 20 feet above the Creek, however, no evidence of groundwater seeps into the 
Creek were observed. This could be explained by error in estimating wellhead elevations 
from USGS mapping, water level measurement error, and/ or by the presence of a 
confining layer.   

Further to the east, the glacial drift aquifer is recharged primarily from the east by surface 
water running off the western slopes, including Duffys Mountain. Other sources of 
recharge to the glacial drift aquifer include direct precipitation recharge on the glacial 
terrace, losing reaches of the Creek and potentially upwelling from the bedrock aquifer.   

Groundwater elevations from wells completed in glacial drift aquifer indicate the general 
direction of groundwater flow is to the west, toward the Okanogan River (Figure 7). 
Hydraulic head in the glacial drift aquifer below the falls (Staff C to the Okanogan River) 
declines from well 15A01 toward the river. In the reach below the falls, two wells 
(15M01 and 15L01) located about a half-mile south of Staff B have groundwater levels 
20 feet to 40 feet below the Creek. This suggests a gradient away from the Creek 
consistent with the large seepage losses in this reach.    

In the glacial aquifer upstream between Staffs C and D, groundwater in glacial drift 
overlies and is perched on bedrock and, therefore, water level elevations are substantially 
higher than in wells completed in glacial drift below the falls (Figure 7).   
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A groundwater elevation contour map within Antoine Valley (Figure 8) was developed 
using a combination of existing and field measured data. In developing the map, many of 
the wells in Antoine Valley were field located using GPS and water levels were collected 
where access was available. For others, water levels from well logs were used. Wellhead 
elevations were estimated from USGS digital elevation model (DEM).   

In addition, to the groundwater elevation data, interpretation of groundwater flow relied 
on measured gains/losses on Siwash Creek and anecdotal accounts of stream flow in 
Antoine Creek. Discussions with the landowner at Antoine Valley Ranch indicate 
Antoine Creek stream flows diminish with distance as the creek flows across the valley.  
During summer, flows typically dry up in the reach where Antoine Creek flows across 
the valley. Flows resume at the western (downstream) end of the valley where a series of 
large springs feeds water from both sides of the channel.   

Flows measured by USGS (Sumioka and Dinicola, 2009) just above where Antoine 
Creek enters Antoine Valley display losing conditions compared to flows measured at 
another gauging station located less than 1 mile upstream. Although much of the decrease 
in flow in Antoine Creek can be attributed to the irrigation diversion for Antoine Valley 
Ranch (water that is applied to irrigated lands within Antoine Valley), it is likely some 
water infiltrates into the glacial sediments,  consistent with the anecdotal accounts of the 
Antoine Creek drying up as it flows across Antoine Valley. The water lost from Antoine 
Creek appears to mostly return to the Creek in springs at the downstream valley end.  
Flow measurements collected by USGS in Antoine Creek near the confluence with the 
Okanogan River indicated a net gain of 0.1 and 0.2 cfs during June and September 2008, 
respectively indicating most Antoine Creek losses return to the creek and additional 
inputs occur that offset the irrigation losses.   

Groundwater elevation contours (Figure 8), Siwash Creek gaging (Table 1), anecdotal 
information and USGS gauging data on Antoine Creek suggest the following 
groundwater flow patterns in Antoine Valley:  

 Groundwater in the southern half of the valley generally moves in a 
southwesterly direction converging on Staff D.   

 Glacial drift in Antoine Valley is recharged primarily from Siwash Creek as 
surface water from the creek infiltrates to the subsurface. Other important sources 
of recharge likely include direct precipitation to the valley floor and runoff from 
tributary regions surrounding the valley. Substantial irrigation withdrawals in the 
valley (see discussion above) likely temporarily deplete groundwater storage 
during the irrigation season that is recharged throughout the year from seepage 
losses.   

 Stream flow losses from Siwash Creek occur in the upper mile and a quarter 
where it crosses the valley. Groundwater outflow from the valley is restricted by 
a narrow bedrock outlet just downstream of Staff D. Shallow groundwater in the 
glacial drift aquifer in Antoine Valley discharges to Siwash Creek through a 
series of springs upstream of Staff D. The bedrock restriction also results in 
groundwater flow converging on Siwash Creek in the approximately lower mile 
of Antoine Valley.   
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 The relationship of groundwater flow between Antoine Creek and Siwash Creek 
is uncertain.  Losses from the upper portion of Antoine Creek within the valley 
could potentially flow southwesterly toward Siwash Creek. Antoine Creek is 
reportedly losing within the valley and elevation at the discharge point of the 
Creek into the valley is about 50 feet higher elevation than Siwash Creek.  
However, USGS gauging data indicates that most Antoine Creek losses return to 
Antoine Creek. Numerous springs were observed where Antoine Creek exits 
Antoine Valley. A groundwater divide must be present in the westerly part of the 
valley that separates the Antoine and Siwash Creek springs. The location of this 
divide is uncertain due to sparse well data in this area. The location of the 
groundwater divide and its seasonal variation is important in defining 
groundwater exchange between these adjacent creeks. 

Bedrock underlies glacial drift at a depth of more than 360 feet in the lower watershed. 
Within Antoine Valley at least 160 feet of glacial drift overlies bedrock (Wells 12A02 
and 12A03). Bedrock rises to ground surface on the adjoining uplands east and west of 
the valley and downstream of Staff D. Recharge to the bedrock aquifer is likely 
dominated by spring snow melt concentrated along fractures where bedrock outcrops. 
Lesser amounts of recharge occur from fall precipitation. Groundwater flow direction in 
the bedrock is likely generally toward the Okanogan River in the lower watershed where 
it discharges into the Okanogan River and toward local drainage bottoms in the upper 
watershed. Hydraulic head in the bedrock appears higher than in the glacial drift in the 
lower watershed, for example, Well 15D01 shows groundwater levels 70 feet higher than 
nearby wells competed in glacial drift. In Antoine Valley, hydraulic head in a well 
completed in bedrock (12F01) is the same as adjacent wells completed in glacial drift.   

Groundwater Exchange with Antoine Creek 
As stated above, the potential for groundwater exchanges between Siwash and Antoine 
Creeks is unknown. Both Creeks exhibit losing conditions along their upper reaches in 
Antoine Valley and gaining conditions near the downstream valley constriction where 
springs upwell. The existing groundwater level data is insufficient to define the potential 
for exchange between these basins. The nature of the groundwater level changes  is likely 
dynamic and transient in response to irrigation withdrawals. Further definition of 
groundwater elevations is recommended to define the exchange including monitoring of 
water levels during irrigation and non-irrigation season. Definition of the relationship 
between Siwash and Antoine Creeks is important to understand the benefit of any flow 
augmentation alternative to Siwash Creek.   

2.6 Flow Augmentation Targets 
Enhancing stream flow in the fish passable reach below the falls at RM 1.4 requires 
identifying a source of water capable of sustaining post-freshet flows and having water 
quality suitable for salmonid rearing. Flows in this reach ceased with the end of the 
freshet in early July and resumed partway below the falls to Staff B after the end of 
irrigation season in 2011. The 2011 spring freshet was later and larger than normal. Flow 
data from other water years are not available for the fish passable reach. Therefore, the 
stream flow augmentation targets are presented below for 2011 conditions, and with a 
safety factor provided as a buffer for periods of lower flow.   
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Flow augmentation targets were developed for Staffs C and D (Table 2). Although flow 
augmentation could occur at points between these stations, they provide convenient 
reference for discussing target flows. Target flows are based on losses (seepage and 
diversions) between Staff C or D and Staff A, habitat flow requirements, and a safety 
factor, as discussed below.  

Seepage and Irrigation Diversion Losses 

For the non-irrigation season, losses between Staffs D and A were estimated at 1.3 cfs 
based on the April 7, 2011 seepage run (Table 1). During the irrigation season, losses to 
seepage and stream flow were estimated at 2.0 cfs based on mean and median values. The 
difference between the irrigation (2 cfs) and non-irrigation (1.3 cfs) season target flows 
largely results from the 0.58 cfs consumptive use of the Schaller Right, located 
downstream of Staff D. 

Measured losses from Staff C to A were biased by measurements taken during the freshet 
and these losses were not considered representative of average conditions. For this 
reason, Staff C to A losses were estimated by adjusting Staff D flows as follows:  

 During irrigation season:  Staff D flow was decreased by 0.5 cfs to account for 
Schaller irrigation withdrawals between Staffs D and C. The estimated irrigation 
season seepage loss from Staff C to A is, therefore, 1.5 cfs (Table 2). 

 During non-irrigation season:  Staff D flow was increased to account for average 
gains of 0.1 cfs between Staffs D and C. The non-irrigation seasons estimated 
loss from Staff C to A is, therefore, 1.2 cfs (Table 2).  

Habitat Flows  

 The minimum flow to sustain rearing for targeted species is 0.3 cfs according to 
CCT AFD biologist opinion. The 0.3 cfs flow is not considered optimal and a 
higher flow of 1 cfs was also used as a target habitat flow. The target habitat 
flows were applied at the mouth of the Creek.   

Safety Factor 

 A 50% safety factor was added to the 2011 flow augmentation to allow for 
reduced instream flow during drier years and to provide a buffer for uncertainty 
associated with the relatively short monitoring period of this study. Monitoring 
could be continued to determine augmentation needs based on measured values, 
rather than using an assumed safety factor to estimate flow augmentation 
requirements during drier years.   

To achieve a habitat flow of 0.3 cfs at the creek mouth in 2011 would have required Staff 
D flow augmentation of 1.1 cfs and 1.8 cfs for the non-irrigation and irrigation seasons, 
respectively (Table 2). During drier years, this flow augmentation requirement is 
expected to increase to 1.7 (non-irrigation season) and 2.6 cfs (irrigation season), based 
on an assumed safety factor of 50%. Because of the uncertainty in the safety factor, 
planning should allow for adaptive management to the flow augmentation alternative. 
The synthesized hydrograph at Staff E (Figure 11) indicates dry year flows (90th 
percentile exceedance) will be substantially diminished from those observed in 2011. The 
higher demand for flow augmentation water during dry years may be partially offset by 
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reduced seepage losses if mounding develops beneath the streambed in response to year 
round flow along reaches which are currently dry. Total annual flow augmentation at 
Staff D to meet the 0.3 cfs habitat objective is about 1,500 acre-feet (Table 2). 

At Staff C, flow augmentation targets inclusive of the safety factor are 1.3 and 2.6 cfs for 
the non-irrigation and irrigation seasons, respectively (Table 2). Total annual flow 
augmentation at Staff C to meet the 1 cfs habitat objective is about 1,400 acre-feet (Table 
2).  

Estimated flow augmentation quantities to achieve a habitat flow of 1 cfs at the creek 
mouth is presented in Table 3. The augmentation quantity at Staff D is estimated at 3.7 
cfs for the irrigation season and 2.7 cfs for the non-irrigation season to achieve a 1 cfs 
habitat flow at Staff A. Total annual augmentation quantity at Staff D is estimated at 
about 2,300 acre-feet.   
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3 Stream Flow Augmentation Alternatives  

Several alternatives were examined for enhancing flows in the fish passable reach below 
the falls at RM 1.4. These alternatives are discussed below and summarized in Table 4.   

3.1 Alternative 1 - Conversion of Water Rights for Instream 
Flow Purposes 

One or more alternatives involving conversion of an existing water right for instream 
flow benefit could be implemented to meet flow targets in the fish passable reach.   

3.1.1 Water Rights Summary (from WWT report) 
The Siwash Creek water rights summary report (WWT, 2011) evaluated potential water 
right acquisitions by prioritizing rights primarily on the basis of their validity. A 
summary of these water rights is shown in Table 3. While the WWT report examined the 
“paper” validity of these rights, it did not address potential flow benefits beyond 
reporting authorized instantaneous or annual quantities where this information was 
available. The WWT report prioritized water rights into 5 Tiers and reported 
instantaneous quantities for most water rights. Rights in Tiers 1 and 2 are considered to 
be high priority for potential acquisition based on their validity and size. Tier 1 includes 
the Holmdahl, Antoine Valley Ranch and IGO Ranch Rights. Tier 2 includes the Culver 
and Laurie Rights. Tier 3 and higher are considered to have potential issues with 
acquisition feasibility based validity, location or other obstacles.   

Table 4 - Summary of Water Rights Evaluated in the Siwash Basin Water 
Rights Review (WWT, 2011) 

Water Right Type Qi (cfs) Qa (AF) 

Holmdahl - Tier 1 
Surface Water Not Reported Not Reported 

Groundwater 3.89 720 

Antoine Valley Ranch 
- Tier 1 

Surface Water Not Reported  Not Reported 

Groundwater 1.34 240 

IGO Ranch - Tier 1 
Surface Water Not Reported  Not Reported 

Groundwater 0.79 200 

Culver - Tier 2 Groundwater 1.11 320 

Laurie - Tier 2 Groundwater 0.22 33 

Gardinier - Tier 3 Groundwater 0.67 78 

Schaller- Tier 3 Surface Water Not Reported Not Reported 
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3.1.2 Benefit from Conversion of Water Rights to Instream Flows 
Using an existing water right could benefit instream flows by either retiring the water 
right by placing it in trust, for example, or by converting a surface water point of 
diversion to a groundwater point of withdrawal. The location in the basin of a given water 
right will influence its effect on stream flows.   

1A. Retire Water Right(s) in Antoine Valley 

Retiring an irrigation surface or groundwater right in Antoine Valley would benefit 
flows; however, the benefit would likely be diffused over the year and would not 
necessarily occur during the right’s former irrigation season period of use. Except during 
the highest freshet flows, Creek flows entering Antoine Valley infiltrate to groundwater 
and flow to a discharge point near Staff D. The AVR, Homdahl, and IGO surface 
diversions are all located at the upstream end of the valley. Flow returned to the stream 
by retiring a water right would infiltrate and flow with groundwater before discharging 
into Siwash Creek near Staff D. Essentially, the full quantity of the water right would 
eventually daylight as stream flow, assuming no flow is lost to Antoine Creek. The 
surface water diversion points are about a mile from Staff D and the timing of the 
discharge at Staff D would likely be spread out over several months. This may have a 
beneficial effect by discharging the conserved water over a longer time period than the 
irrigation season. In addition it may lead to warmer winter flows that minimize anchor 
ice.   

Retiring a groundwater right in Antoine Valley would be similar to retiring a surface 
water right because most surface water infiltrates the valley floor and experiences short 
travel time through the permeable aquifer media  to the shallow groundwater table . 
Shallow monitoring well(s) would be required to further evaluate the interaction between 
Siwash and Antoine Creeks to confirm water would not be lost to Antoine Creek. 

An annual quantity of about 1,500 acre-feet would be required for flow augmentation at 
Staff D and about 1,400 acre-feet would be required at Staff C (Table 2). By comparison, 
water rights listed in Table 3 total about 1,160 acre-feet for Antoine Valley and 1,600 
acre-feet for all rights listed. It is important to note that the annual quantities shown in 
Table 3 and summarized in the WWT (2011) report do not include surface water rights.   

There is uncertainty in the timing of discharge at Staff D from the retirement of an 
Antoine Valley water right as discussed above. In addition, there is uncertainty regarding 
flow augmentation requirements over water years varying from the 2011 monitoring 
period. A groundwater model could be used to evaluate the timing of flow benefits near 
Staff D resulting from retirement of a water right and to identify changes in magnitude of 
flow augmentation through multi-year climate cycles. 

Actions required to implement Alternative 1A include: 

 Install one or more shallow monitoring wells to evaluate the potential for 
groundwater flow between Antoine and Siwash Creeks. 

 Engage water right holders in discussion regarding acquisition of right. 

 Construct a transient groundwater model to evaluate the timing and magnitude of 
the retired right on stream flow augmentation. 
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 Additional data needs to support the model include estimating stream flow losses 
and irrigation diversions along Antoine Creek within Antoine Valley.   

1B. Retire Water Right in Antoine Valley and Pipe Water to Staff D 

As an alternative to allowing a retired surface water right to infiltrate, the water could be 
piped from the diversion point to the approximate location of Staff D. Piping would 
mitigate infiltration losses and allow control over the timing of discharge. Flows would 
likely be increased on a one-to-one basis. To provide flow on a year round basis, this 
alternative would have to be coupled with a change in period of use and purpose/place of 
use for an existing water right. A change to the period of use, instantaneous quantity and 
purpose/place of use for an existing water right will require a demonstration that 
downstream water rights will not be impaired.   

Actions required to implement Alternative 1B include: 

 Engage water right holders in discussion regarding acquisition of right. 

 Evaluate potential for easements and piping costs. 

1C. Retire Schaller Right 

The Schaller Right is a surface water right shared among three landowners in the reach 
between Staff D and Staff C. This right has been identified as Tier 3 by WWT and 
therefore considered less feasible for acquisition. However, placing water from the 
Schaller Right to instream flow would have a direct, one-to-one impact on stream flows 
at Staff C. The WWT report does not identify a Qi for the Schaller Right, but does 
indicate an estimated 83 acres are irrigated using the right. An analysis assuming 83 acres 
are irrigated under the Schaller Right indicates average irrigation withdrawal is 0.68 cfs 
(0.58 cfs estimated consumptive use, see Section 2.5.2). This flow falls well short of the 
2.6 cfs of supplemental water required at Staff C to create 0.3 cfs habitat flow  at the 
creek mouth during the irrigation season. Retirement of the entire Schaller Right would 
have extended flow of 0.3 cfs to an estimated 1,400 feet below the falls for 2011 
conditions and drying up about 2,800 feet below the falls.   

Actions required to implement Alternative 1C include: 

 Examine validity and quantity of right. 

 Engage water right holders in discussions regarding acquisition of right. 

 Consider temporary fallowing of fields irrigated by this right to observe flow 
benefits.   

1D. Retire Rights Downstream of Falls 

Two groundwater rights were identified downstream of the falls by WWT (2011). The 
Culver and Gardinier Rights have Qi of 1.11 and 0.67 cfs, respectively. Specific locations 
of the points of withdrawal for these rights are unknown. Information available from 
Ecology’s Water Resources Explorer website indicates the Culver Right may be located 
too far from the Creek to have significant continuity (in the southwest corner of Section 
15). The Gardinier Right may have a point of withdrawal near the Creek, but is classified 
by WWT (2011) as Tier 3 and therefore, may have potential issues impeding its 
acquisition. Additional information is needed to verify whether these rights are in 
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hydraulic continuity with the Creek and whether acquisition and retirement of these 
right(s) could provide significant flow augmentation benefit.   

Actions required to implement Alternative 1D include: 

 Identify points of withdrawal for these rights. 

 Assess hydraulic continuity. 

 Assess feasibility of acquiring these rights. 

3.2 Alternative 2 - Convert Surface Water Diversion to 
Groundwater 

An alternative to acquiring a water right for retirement is to convert a surface water point 
of diversion to a groundwater point of withdrawal taking advantage of lag time and 
groundwater storage to lessen the impact on stream flows. Because surface and 
groundwater are in close continuity in Antoine Valley, this approach is not anticipated to 
benefit flows if implemented in Antoine Valley.   

2A – Convert Schaller Diversion to Groundwater 
The reach between Staff D and Staff C presents a more feasible location for conversion 
from surface water to groundwater because water that is not withdrawn from the Creek 
provides a direct benefit to stream flow. This alternative would involve converting the 
point of diversion for one or more landowners using the Schaller Right. Because it is a 
surface water right and because of its location in the watershed (below Antoine Valley), 
the Schaller Right is the only water right in the Siwash Creek basin that could be 
converted to groundwater with a potential instream flow benefit. A well would need to be 
constructed that is capable of meeting the irrigation demand currently met by the surface 
water diversion (estimated at 0.68 cfs or about 300 gpm). Well log data used to develop a 
cross section of the aquifer along this reach indicate the glacial drift aquifer is thin and 
laterally discontinuous. Most wells are completed in bedrock and the few completed in 
glacial drift yield only up to 10 gpm. One well (14D02) is apparently owned by one of 
the Schaller Right holders (Olson) yields 100 gpm. Additional hydrogeologic study is 
required to better understand the groundwater conditions along this reach to examine 
whether a surface water diversion could be economically converted to groundwater.    

As stated above, flow augmentation equal to the entire Schaller Right would have 
extended flow of 0.3 cfs up to 1,400 feet below the falls for 2011 conditions. Flows 
increasing after irrigation season and the onset of fall precipitation would extend habitat 
flow farther downstream.   

Advantages of this approach include eliminating the need to take agricultural land out of 
production. Disadvantages include uncertainty whether the aquifer in the reach between 
Staff D and Staff C is capable of yielding water in sufficient quantities to meet irrigation 
demands, uncertainty with respect to the validity of the Schaller Right that is classified as 
Tier 3 by WWT, and the relatively small instantaneous quantity associated with the 
Schaller Right that will provide a limited benefit to flow downstream of the falls. 
Coordination likely involving more than one water right holder is also a disadvantage.   
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Actions required to implement this alternative include: 

 Perform hydrogeological feasibility study. Resolving uncertainty regarding the 
groundwater resources in the reach between Staff D and Staff C will require 
additional hydrogeological study including field verification and survey of 
existing wells, water level measurements, revised cross sections based on new 
data and hydraulic testing of one or more existing wells to quantify aquifer 
properties. If results were favorable, a test well would be drilled that could be 
converted to a production well.   

 Submit water right change application. A water right change application for a 
new point of withdrawal would need to be submitted to Department of Ecology 
and processed through its cost reimbursement program or through the Okanogan 
Conservancy Board. The change application process will require verification of 
the validity of the water right, a hydrogeological study establishing resource 
availability, and continuity with the creek and an impairment analysis. Much of 
this would be accomplished while performing the hydrogeological feasibility 
study.   

 Construct Production Well. Perform well, screen and pump design. Contract with 
a driller to drill and develop a production well. Costs can be reduced by 
converting a successful test well.   

3.3 Alternative 3 - Groundwater Sourced Flow 
Augmentation 

Using groundwater to augment stream flow involves pumping cool groundwater to the 
Creek from an existing or new well. Groundwater pumped from a well would ideally be 
discharged into the creek below the falls at RM 1.4. Alternatives involving groundwater 
pumped from wells require a water right permit that is assumed to be attainable under the 
Hillis Rule. Under Hillis Rule, Washington Administrative Code (WAC) 173-152-
050(3b), if the water right application is for a proposed water use that is nonconsumptive 
or with mitigation would be water budget neutral and, if approved would substantially 
enhance or protect the quality of the natural environment, then it qualifies for expedited 
processing. 

Alternative 3A – Groundwater Sourced Flow Augmentation in Lower Watershed 
An alternative using groundwater pumped from a well to augment stream flows could be 
used as a stand-alone means or as a supplement to another flow augmentation alternative.   
This alternative could be implemented in the lower reach of the Creek below the falls 
where there is greater opportunity to be in hydraulic continuity with the mainstem.  A 
new or existing well located adjacent to the creek downstream of the falls could be 
pumped as a stop-gap to sustain flows  from the time when flows dry up  until they 
resume to Staff B a period of approximately 120 days ( early July through late October).  
This alternative is limited to the reach below the falls because groundwater upstream in 
Antoine Valley is in close hydraulic continuity with the Creek and groundwater resources 
are likely limited in the reach between Staff D and Staff C.   
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3.3.1 Aquifer Yield 
A pumping well should be located approximately 2,000 downstream of the falls to 
minimize the potential for encountering shallow bedrock. This location is near existing 
Well 15A01 that well log data indicates is a 12-inch well yielding 200 gpm. The well 
location and yield should be confirmed (see footnote 2). The well log lacks descriptions 
of lithology except that the material is coarse. The well is relatively shallow at 82 feet 
with a static water level depth reported on the log of 27 feet. As with nearly every well in 
the lower reach of the creek, well test information recorded at time of drilling does not 
include the amount of drawdown observed. Therefore, values for specific capacity cannot 
be determined from wells nearest the Creek. In the absence of more information, the 
assumed yield for a new or existing well located about 2,000 feet downstream of the falls 
is up to 200 gpm. Several other wells may be present near the creek and in the creek 
bottom.   

3.3.2 Benefit from Groundwater Source Flow Augmentation 
To use groundwater pumping as a standalone means of augmenting stream flows, a well 
located 2,000 feet downstream of the falls would need to yield about 2.2 cfs (990 gpm) 
during irrigation season and 1.1 cfs (490 gpm) during non-irrigation season to extend 
flow to the Okanogan River. These rates were  determined by reducing Staff C flow 
augmentation target for seepage along the 2,000 feet reach below Staff C (1.1 cfs/mile 
seepage over 2,000 feet). Using the same assumptions, a well yielding 0.45 cfs (200 gpm) 
would extend flow about 2,100 feet downstream, nearly to Staff B during the irrigation 
season. Stream flow could be extended farther downstream if groundwater pumping were 
used in conjunction with another alternative, for example retiring a water right above the 
falls.  

A key advantage to the groundwater pumping alternative is providing a water source in 
the fish passable reach. The proximity of source water to the intended discharge reach 
reduces losses to groundwater and the potential that flow augmentation will be consumed 
by irrigation demands and phreatic riparian vegetation. Other alternatives that source 
water from upstream locations are subject to these demands. Another advantage is that 
groundwater pumping could be used to supplement another flow augmentation 
alternative. Disadvantages include limited available hydrogeologic information for the 
region nearest the Creek and potential interference with existing wells. It is not clear 
whether the aquifer would support a pumping well with yields capable of overcoming 
seepage losses to provide substantial habitat benefit.     

Actions required to implement this Alternative include: 

 Perform hydrogeological feasibility study. Resolving uncertainty regarding the 
aquifer productivity below the falls will require additional hydrogeological study 
including: 

 Field verification and survey of existing wells,  

 Water level measurements, and 
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 Revised cross sections based on new data and hydraulic testing of one or 
more existing wells to quantify aquifer properties, predict well yields and 
determine whether one or more properly spaced wells would be required to 
meet project flow objectives.  

 If results were favorable, a test well would be drilled that could be converted 
to a production well.   

 Submit application for a new water right under Hillis Rule.  This action would 
include a hydrogeological study establishing resource availability and evaluating 
continuity with the Creek/Okanogan River and an impairment analysis. Much of 
this would be accomplished while performing the hydrogeological feasibility 
study. This alternative is not expected to create a bypass reach that would require 
mitigation for a new water right, but a demonstration would likely have to be 
made to Ecology, as part of the water right permitting process.  

 Construct Production Well.  Perform well, screen and pump design. Contract 
with a driller to drill and develop a production well. Costs can be reduced by 
converting a successful test well.   

3.4 Alternative 4 - Water Storage 
A major objective of this study is to evaluate surface water storage as a potential flow 
enhancement alternative. Water storage facilities can provide benefit to the system by 
retaining excess stream flow volumes during times of relative abundance and 
subsequently release it during times of relative scarcity.   

3.4.1 Water Available for Storage 
A stream flow hydrograph was synthesized for the 10th, 50th and 90th percentile 
exceedances, based on correlation of Staff E with nearby gauge at Bonaparte Creek 
(Figure 11 - see Section 2). The graph also presents demands on flows for habitat (from 
CCT AFD), seepage loss, and seepage loss considering a 50 percent safety factor.  
Demands are shown in a “stacked”, cumulative manner on the graph. Based upon the 
synthesized hydrographs for Siwash Creek, water produced from the basin that is in 
excess of demands generally coincides with the non-irrigation season (November through 
April). This water is available for storage. On years where flow quantities are at the 50th 
percent probability of exceedance, there is less than 20acre-feet of water available for 
storage during the non-irrigation months in excess of seepage demand with safety factor. 
Ignoring the safety factor increases water available for storage to 140 acre-feet. This 
volume is insufficient to provide flows in excess of seepage losses. In contrast, 
approximately 1,500 acre-feet of stored water would be required to meet the seepage 
losses and habitat flow. Due to the substantial shortfall in water available for storage 
relative to demands, it is believed that the water storage alternative is infeasible.   
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4 Evaluation of Alternatives 

Alternatives were evaluated based on the probability of success, flow benefit to targeted 
species in the fish passable reach and relative cost. Results are summarized in Table 4.   

In our opinion, the most effective alternative to meet the minimum flow objective of 0.3 
cfs at the Okanogan confluence is retiring water rights in Antoine Valley equal to an 
irrigation season flow of about 4.9 cfs, or an annual total of approximately 1,500 acre-
feet annually. This annual quantity is estimated to provide an average annual discharge of 
0.3 cfs at Staff A. Existing information on water rights in Antoine Valley (WWT, 2011) 
indicate rights on the order of about 6.2 cfs exist but the annual quantity totals about 
1,160 acre-feet (not including surface water), which is about 340 acre-feet short of the 
estimated flow augmentation requirement. A major advantage of this alternative is the 
infrastructure  simplicity. Implementation of this alternative would require verifying 
targeted water rights, confirming the timing of discharge using a groundwater model, 
confirming flow will discharge to Siwash Creek and not Antoine Creek, and confirming 
downstream irrigation demands. This alternative requires taking irrigated land out of 
production. 

A more costly approach is piping water right discharge to Staff D. This has the advantage 
of providing certainty with regard to timing and quantity of flow. The time of use for the 
water right would have to be converted from irrigation season to year round with an 
accompanying impairment analysis.  

Another option for conversion of water rights to instream flow purposes is retirement of 
the Schaller water right. This alternative offers the advantage of direct benefit to stream 
flows at Staff C, but provides a limited flow quantity and the right may have issues with 
acquisition feasibility. Temporary fallowing of the fields irrigated by this right could be 
pursued on a trial basis to evaluate habitat benefits from this alternative.  

The second most effective alternative is pumping from groundwater to enhance stream 
flows using a new or existing well located below the falls (Staff C). There is uncertainty 
whether the aquifer is capable of yielding sufficient water to overcome seepage losses 
and meet flow objectives.     

A less effective but feasible alternative is converting a surface water point of diversion to 
a groundwater point of withdrawal in the irrigated area downstream of Antoine Valley 
between Staff D and Staff C. An advantage of this alternative is that it leaves irrigated 
lands in production. There are, however, uncertainties with respect to aquifer yield in this 
reach that cannot be resolved without additional hydrogeologic study of the area.   

The least feasible alternative evaluated is creating new surface water storage in the upper 
watershed.  Hydrologic analysis of the creek indicates that in most years, the creek is not 
capable of producing enough water for storage to meet habitat flow objectives in the fish 
passable reach.    
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Moving forward, we recommend the following: 

1. Pursue acquisition of one or more water rights in Antoine Valley equal to 4.9 cfs.  
Lesser quantities including acquisition of portions of the Schaller Right will provide 
flow augmentation, but are not likely to provide habitat along the full 1.4 mile fish 
passable reach. Monitoring should continue to document timing and magnitude of 
flow benefit from retirement of rights.  

2. Install shallow monitoring wells in the north half of Antoine Valley to ensure flow 
benefits from retired water rights will be realized in Siwash Creek and not lost to 
Antoine Creek. 

3. Develop a groundwater model to evaluate how retiring a water right will impact 
timing and quantity of flows. 

4. Adaptively manage water right acquisition and retirement through continued 
monitoring. 

5. Depending on results of the 2 and 3 above, consider conversion of the right to year 
round use, capped at the same annual quantity and piping of the water to a discharge 
point near Staff D.   

    

 

 

 



ASPECT CONSULTING 

32  PROJECT NO. 110014  SEPTEMBER 21, 2012 

References 

Arterburn, J., Fisher, C., and Kistler, K., 2007, Anadromous Fish Passage Barriers in the 
Okanogan Basin. Colville Tribes Department of Fish and Wildlife, Anadromous 
Fish Division, Omak, Washington.   

Bell, M.C., 1991, Fisheries handbook of engineering requirements and biological criteria.  
U.S. Army Corps of Engineers, North Pacific Division, Portland, Oregon.  
Maidment, D.R., 1993. Handbook of Hydrology. McGraw-Hill.   

Entrix, Inc. and Golder Associates, Inc., 2004, Salmon and steelhead habitat limiting 
factors assessment watershed resource inventory 49: Okanogan watershed. 
Prepared for Confederated Tribes of the Colville Tribes Reservation, Nespelem, 
WA. 

NRCS, 1997, Washington Irrigation Guide, United States Department of Agriculture 
Natural Resources Conservation Service, September, 1997. 

Rantz, S.E. et al., 1982, Measurement and Computation of Streamflow:  Volume 1. 
Measurement of Stage and Discharge, Geological Survey Water-Supply Paper 
2175, USGS, Washington. 

Sumioka, S.S., and Dinicola, R.S., 2009, Groundwater/Surface Water Interactions in the 
Tunk, Bonaparte, Antoine, Tonasket Creek Subbasins, Okanogan River Basin, 
North-Central Washington, 2008. U.S. Geological Survey Scientific Investigations 
Report 2009-5143. 

Walters, K.L., 1974, Water in the Okanogan River Basin, Washington. Washington State 
Department of Ecology, Water Supply Bulletin 34, prepared in cooperation with 
United States Geological Survey, 1974. 

Washington State Department of Ecology (Ecology), 2005,  Determining Irrigation 
Efficiency and Consumptive Use.  Water Resources Program Guidance, Guide-
1210, p. 8. 

Washington Water Trust (WWT), 2011, Siwash Basin Water Rights Review- 
Opportunities for Instream Flow Restoration.  Prepared for Confederated Tribes of 
the Colville Tribes Fish and Wildlife Department, Nespelem, WA.  

Winter, T.C., Harvey, J.W., Franke, O.L., and Alley, W.M., 1998, Groundwater and 
Surface Water A Single Reference, U.S. Geological Survey Circular 1139. 



 ASPECT CONSULTING 

PROJECT NO. 110014  SEPTEMBER 21, 2012  33 

Limitations 

Work for this project was performed and this report prepared in accordance with 
generally accepted professional practices for the nature and conditions of work completed 
in the same or similar localities, at the time the work was performed. This report does not 
represent a legal opinion. No other warranty, expressed or implied, is made. 

All reports prepared by Aspect Consulting are intended solely for the Client and apply 
only to the services described in the Agreement with Client. Any use or reuse by Client 
for purposes outside of the scope of Client’s Agreement is at the sole risk of Client and 
without liability to Aspect Consulting. Aspect Consulting shall not be liable for any third 
parties’ use of the deliverables provided by Aspect Consulting.  Aspect Consulting’s 
original files/reports shall govern in the event of any dispute regarding the content of 
electronic documents furnished to others. 

 

 

 



Table 1- Stream Flow Measurements and Seepage Losses 
Siwash Creek Flow Enhancement Study
Okanogan County, WA

Staff Gauge A B C D E F G F-G E-F D-E C-D B-C A-B C-A D-A

3/24/2011 2.04 1.96
4/7/2011 0.42 1.90 1.75 1.38 0.74 0.65 0.15 -1.48 -1.33
4/15/2011 1.96 1.33 0.56 0.76
4/20/2011 1.62 1.72 1.86 1.28 0.56 0.72 0.58 -0.14 -0.10
4/27/2011 1.44 1.77 1.69 1.68 0.78 0.91 0.01 0.08 -0.34
5/12/2011 3.60 3.69 4.60 4.39 2.86 1.53 0.21 -0.90 -0.09
5/19/2011 1.39 2.01 5.46 5.32 4.96 0.36 0.14 -0.62
5/24/2011 1.67 3.87 3.80 3.62 6.83 5.95 6.50 -0.55 0.88 -3.20 0.18 0.07 -2.20 -2.13 -1.95
5/26/2011 5.54 6.23 13.32 21.39 14.03 7.36 -8.06 -7.09 -0.69
5/27/2011 2.22 11.29 11.24 10.49 0.75 0.05
6/9/2011 4.60 5.51 7.36 7.96 8.72 7.08 6.68 0.40 1.64 -0.76 -0.60 -1.85 -0.91 -2.76 -3.36
6/17/2011 4.15 4.69 -0.54
6/18/2011 2.89 3.72 -0.83
6/21/2011 2.53 2.82 -0.29
6/23/2011 1.44 1.97 -0.53
6/28/2011 1.30 1.79 -0.49
7/2/2011 0.97 1.57 2.10 2.76 2.98 2.50 0.48 -0.22 -0.66 -0.60 -1.13
7/5/2011 0.00 0.15 -0.15
7/6/2011 0.00 0.00
7/8/2011 0.00 0.00 0.16 0.91 2.48 2.38 1.77 0.61 0.10 -1.57 -0.75
7/15/2011 0.00 0.00 0.07 0.62 1.98 2.04 1.27 0.77 -0.06 -1.36 -0.55
7/22/2011 0.00 0.00 0.06 0.62 2.05 2.00 1.30 0.70 0.05 -1.43 -0.56
7/29/2011 0.00 0.00
8/2/2011 0.00 0.00
8/3/2011 0.00 0.00
8/19/2011 0.00 0.00 0.05 0.46 0.77 0.87 0.39 0.48 -0.10 -0.31 -0.41
8/27/2011 0.00 0.00 0.02 0.91 0.54 0.72 0.66 0.06 -0.18 0.37 -0.89
10/2/2011 0.00 0.00 0.47 0.88 1.01 0.46 0.55 -0.13 -0.41
10/8/2011 0.00 0.00 0.53 1.25 1.21 0.45 0.76 0.04 -0.72
10/16/2011 0.00 0.00 0.68 1.27 1.16 0.27 0.89 0.11 -0.59
10/21/2011 0.00 0.00
10/28/2011 0.00 0.24 0.91 0.80 1.15 0.92 0.34 0.58 0.23 -0.35 0.11 -0.67
11/3/2011 0.00 0.30 0.93 0.68 1.86 1.04 0.36 0.68 0.82 -1.18 0.25 -0.63
11/11/2011 0.00 0.41 0.91 1.96 0.87 0.40 0.47 1.09 -1.05
11/27/2011 0.00 0.46 1.00 2.00 0.92 0.45 0.47 1.08 -1.00

0.89 -0.08 -1.17 -0.32 -0.77 -0.74
1.08 -0.46 -1.69 -0.48 -0.89 -0.74
0.68 0.43 -0.60 0.10 -0.65 -

Notes
- Underlined values are derived from stage height readings and rating curves.
- Bolded values lie within measurement error of 5% per station (10% total).  Measurement error between Staff Gauges F and G not shown. 

-Irrigation season is defined as May 1 through September 30; except for the reach from Staff C to Staff D that likely began in late April. 
- Gaining characteristics are positive, losing are negative.

- Average losses/gains were computed using values within and outside error range to minimize bias associated with using only values 
greater than measurement error.    

All data
Irrigation Season
Non-Irrigation 

Averages

Irrigation S
eason

N
on-Irrigation S

eason

downstream  ----  upstream upstream  ----  downstream
Flow Measurements (cfs) Difference Between Stations (gains/losses) (cfs)

N
on-Irrigation 

S
eason
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Table 2 - Estimated Flow Augmentation to Achieve 0.3 cfs Habitat Flow
Siwash Creek Flow Enhancement Study
Okanogan County, WA

Season

Staff D 
to A 

loss1

Habitat 

Flow2

Staff D Target 

Flow 20113

2011 Minimum 
Measured 
Flow at Staff 

D4

2011 Staff D Flow 
Augmentation (no 

safety factor)5

Staff D Flow 
Augmentation 
with Safety 

Factor6

Average Annual 
Augmentation 

Qty (acre ft)7

Average 
Annual 
Augmentation 

Qty (cfs)8

Irrigation 
Season Qi to 
meet Annual 

Qty (cfs)9

Non-Irrigation 1.3 0.3 1.6 0.5 1.1 1.7
Irrigation 2.0 0.3 2.3 0.5 1.8 2.6

Season

Staff C 
to A 

loss10

Habitat 

Flow2

Staff C Target 

Flow 20113

2011 Minimum 
Measured 
Flow at Staff 

C11

2011 Staff C Flow 
Augmentation (no 

safety factor)5

Staff C Flow 
Augmentation 
with Safety 

Factor6

Average Annual 
Augmentation 

Qty (acre ft)7

Average 
Annual 
Augmentation 

Qty (cfs)8

Irrigation 
Season Qi to 
meet Annual 

Qty (cfs)9

Non-Irrigation 1.2 0.3 1.5 0.6 0.9 1.3
Irrigation 1.5 0.3 1.8 0.02 1.8 2.6
Notes:

2. From CCT AFD.
3.  Target is estimated flow at Staff required to create habitat at Creek mouth. Sum of losses and habitat flow. 
4. Minimum measured value (Table 1).
5. Estimated flow supplement required in 2011 to meet habitat requirement. 
6. Applies a 50% safety factor to allow for dry years and uncertainty.
7. Annual augmentation quantity including safety factor.
8. Annual augmentation quantity with safety factor presented as an average annual flow rate.

Staff D to A

1491 2.1 4.9
Staff C to A

1361 1.9 4.5

1. Non-irrigation season loss for D to A based on seepage run on 4/7/11.  Irrigation season value based on median of three measurements.  Median is near 
average.

9. Annual augmentation quantity with safety factor presented as irrigation season flow rate for the purpose of comparing irrigation rights with annual flow 
augmentation target.

10. Non-irrigation season flow based on Staff D non-irrigation flow increased by average gain of 0.1 cfs between Staff D and C.  Irrigation season flow based on 
Staff D irrigation flow decreased by average 0.5 cfs loss between Staff C and D.

11. Minimum non-irrigation flow taken from lowest Staff D measurement and increased by average non-irrigation season gain 0.1 cfs between staff D and C.  
Irrigation season is minimum measured value.

Aspect Consulting
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Table 3 - Estimated Flow Augmentation to Achieve 1 cfs Habitat Flow
Siwash Creek Flow Enhancement Study
Okanogan County, WA

Season

Staff D 
to A 

loss1

Habitat 

Flow2

Staff D Target 

Flow 20113

2011 Minimum 
Measured 
Flow at Staff 

D4

2011 Staff D Flow 
Augmentation (no 

safety factor)5

Staff D Flow 
Augmentation 
with Safety 

Factor6

Average Annual 
Augmentation 

Qty (acre ft)7

Average 
Annual 
Augmentation 

Qty (cfs)8

Irrigation 
Season Qi to 
meet Annual 

Qty (cfs)9

Non-Irrigation 1.3 1.0 2.3 0.5 1.8 2.7
Irrigation 2.0 1.0 3.0 0.5 2.5 3.7

Season

Staff C 
to A 

loss10

Habitat 

Flow2

Staff C Target 

Flow 20113

2011 Minimum 
Measured 
Flow at Staff 

C11

2011 Staff C Flow 
Augmentation (no 

safety factor)5

Staff C Flow 
Augmentation 
with Safety 

Factor6

Average Annual 
Augmentation 

Qty (acre ft)7

Average 
Annual 
Augmentation 

Qty (cfs)8

Irrigation 
Season Qi to 
meet Annual 

Qty (cfs)9

Non-Irrigation 1.2 1.0 2.2 0.6 1.6 2.4
Irrigation 1.5 1.0 2.5 0.02 2.5 3.7
Notes:

2. From CCT AFD.
3.  Target is estimated flow at Staff required to create habitat at Creek mouth. Sum of losses and habitat flow. 
4. Minimum measured value (Table 1).
5. Estimated flow supplement required in 2011 to meet habitat requirement. 
6. Applies a 50% safety factor to allow for dry years and uncertainty.
7. Annual augmentation quantity including safety factor.
8. Annual augmentation quantity with safety factor presented as an average annual flow rate.

Staff D to A

2251 3.1 7.5

1. Non-irrigation season loss for D to A based on seepage run on 4/7/11.  Irrigation season value based on median of three measurements.  Median is near 
average.

9. Annual augmentation quantity with safety factor presented as irrigation season flow rate for the purpose of comparing irrigation rights with annual flow 
augmentation target.

10. Non-irrigation season flow based on Staff D non-irrigation flow increased by average gain of 0.1 cfs between Staff D and C.  Irrigation season flow based on 
Staff D irrigation flow decreased by average 0.5 cfs loss between Staff C and D.

11. Minimum non-irrigation flow taken from lowest Staff D measurement and increased by average non-irrigation season gain 0.1 cfs between staff D and C.  
Irrigation season is minimum measured value.

Staff C to A

2122 2.9 7.0
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Table 5 - Summary of Flow Augmentation Alternatives
Siwash Creek Flow Enhancement Study
Okanogan County, WA

Predicted Flow Augmentation Advantage Disadvantage Uncertainty

1A
Retire Water Rights in 

Antoine Valley

Extend habitat flow of  0.3 cfs to the 
Okanogan River during wetter years 

and increase wetted length during drier 
years. AV groundwater rights total 1,160 
acre-feet annually compared to Staff D 
target augmentation of 1,500 acre-feet.  

Greatest flow potential; No 
construction costs; Minimal 

permitting costs

Requires land owner cooperation, taking land out 
of irrigated production  

Availability of water rights to meet augmentation 
target; Flow requirements during drier years; 
Timing of groundwater discharge into Siwash 

Creek; Groundwater exchange between Siwash 
and Antoine Creeks

1B
Pipe surface water 

diversion or groundwater 
withdrawal to Staff D

Same as above

Increase flows on one-to-
one basis by eliminating 

infiltration losses; Provide 
control over timing of 

discharge

Pipeline construction cost; Requires change to 
existing right in time of use (from seasonal to year-

round) and place of use; Requires landowner 
cooperation, taking land out of irrigated production 

Availability of water rights to meet augmentation 
target. Impairment of rights along seasonal by-
pass reach;  Groundwater exchange between 

Siwash and Antoine Creeks; Flow requirements 
during drier years; Availability of easements for 

pipeline construction

1C Retire Schaller Right
Extend habitat flow of 0.3 cfs up to 

1,400 feet downstream of falls (RM 1.4) 
if full right converted to groundwater

Eliminate uncertainty 
regarding timing of flow 

benefit

Limited flow benefit; Requires coordination among 
multiple landowners, taking land out of irrigated 
production; Right potentially difficult protect to 

instream

Availability  of rights

1D
Retire Culver/Gardinier 

Rights
Unknown Unknown

Requires land owner cooperation, taking land out 
of irrigated production.  Potential problem for 

change of use for Gardinier Right 

Location of point of withdrawal; Hydraulic 
continuity with Siwash Creek; Availability of 

rights for transfer

2A

Convert Surface Water 
Diversion to Groundwater 
between RM 1.4 and RM 

3.0 (Schaller Right)

Extend habitat flow of 0.3 cfs an 
estimated 1,400 feet downstream of 
falls (RM 1.4) if full right converted to 

groundwater

Keep land in irrigated 
production

Limited flow benefit; Requires coordination among 
multiple landowners; Transfer of right potentially 

difficult; Long term pumping costs

Groundwater availability limited; Hydraulic 
continuity of selected well site and Siwash 

Creek; Impairment potential; Availability of right 
for transfer

Alternative

3A

Groundwater availability in volumes required to 
meet flow objectives; Hydraulic continuity of 
selected well site and Siwash Creek; 
Impairment potential

Groundwater Pumping 
below the Falls at RM 1.4

Relatively lower cost ; 
Water sourced near 
discharge location

Pumping/Operation and Maintenance Costs; 
Requires new water right

Extend habitat flow of 0.3 cfs an 
estimated 700 feet from discharge for 

well yielding 200 gpm (0.45 cfs)
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Figure 3 - Staffs D and E Hydrographs
Siwash Creek Flow Enhancement Study

Okanogan County, WA
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Figure 4 - Staffs D and E Temperature
Siwash Creek Flow Enhancement Study

Okanogan County, WA
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Well Location Map
Lower Siwash Creek

Siwash Creek Flow Enhancement Study
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Figure 11 - Stream Flow Hydrograph
Siwash Creek Flow Enhancement Study

Okanogan County, WA
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Staff A Rating Curve
Siwash Creek Flow Enhancement Study
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Staff B Rating Curve
Siwash Creek Flow Enhancement Study

Okanogan County, WA

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

1.1

1.2

1.3

1.4

1.5

1.6

1.7

0 1 2 3 4 5 6 7 8 9 10

St
ag

e
 (

st
af

f 
ga

u
ge

, f
t)

Flow (cfs)

Measured Flow

Projected Flow

Staff B Flow



Aspect Consulting
9/21/2012
K:\Projects\CCT Siwash Creek-110014\Data\Analyses\Siwash Creek_Data Plots 01312012.xlsm -Staff_CA-rating

Staff C Rating Curve
Siwash Creek Flow Enhancement Study
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Staff D Rating Curve
Siwash Creek Flow Enhancement Study
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Staff E Rating Curve
Siwash Creek Flow Enhancement Study

Okanogan County, WA

0.4

0.5

0.6

0.7

0.8

0.9

1.0

1.1

1.2

1.3

1.4

1.5

1.6

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22

St
ag

e
 (

st
af

f 
ga

u
ge

, f
t)

Flow (cfs)

Measured Flow

Projected Flow

Staff E Flow



Aspect Consulting
9/21/2012
K:\Projects\CCT Siwash Creek-110014\Data\Analyses\Siwash Creek_Data Plots 01312012.xlsm -Staff_FD-rating

Staff F Rating Curve
Siwash Creek Flow Enhancement Study
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Staff G Rating Curve
Siwash Creek Flow Enhancement Study
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APPENDIX B 

Well Logs 
 



Summary of  Wells in Antoine Valley

Owner

01A01 Fancher - 36 150 24 well log Qtr Qtr

01J01 Fruit - 16 350 8.3 measured GPS

01L01 Oberg - 200 dry - well log Parcel

01P01 Vernier - 10 20 2.6 measured GPS

01Q01 Vernier - 15 160 6.15 measured GPS

06G01 Morrison - 32 5 17.75 measured GPS

06P01 Morrison - 142 1.5 60 well log Qtr  

12A01 Holmdahl - 65 60 22 well log GPS

12A02 Holmdahl - 160 - 13 well log GPS

12A03 Holmdahl - 50 130 13 well log GPS

12C01 Walter - 46 30 4 well log Parcel

12F01 Michels ACM907 100 15 6 well log Parcel

12F02 Schaller ABY740 41 30 15 well log Qtr Qtr

12G01 Fruit - 22 200 4 well log GPS

12M01 Nixon - 12 100 3 well log Parcel

Water Level 

SourceWell ID

Ecology Well 

ID

Total 

Depth (ft)

Water 

Level (ft)Yield (gpm) Locational Accuracy



Summary of Wells in Lower Siwash Creek below Antoine Valley

Owner

09R01 Alois/Home Helpers ALC479 97 70 26 well log Parcel

11K01 Zachman - 125 1 50 well log Parcel

11K02 Olson BCF102 385 2.5 63 well log Parcel

14B01 Combs - 135 dry - well log Qtr Qtr

14B02 helm BAB573 200 5 20 well log Parcel

14B03 Hernandez AHT586 94 10 0 well log Parcel

14D01 Olson APT620 235 10 140 well log Parcel

14D02 Olson BAT836 58 100 12 well log Parcel

14D03 Kessler - 300 dry - well log Qtr   Section

14E01 Gardinier ACX473 62.5 12 48 well log Qtr Qtr

14E02 Gardinier AEQ516 605 0.5 304 well log Qtr Qtr

14E03 Gardinior AEQ517 63 dry 56 well log Qtr Qtr

14F01 Combs AGE252 60 0.5 34 well log Parcel

14F02 Combs ACX301 60 - 32 well log Qtr Qtr

14K01 Eberle - 250 0.5 - well log Qtr Qtr

14M01 Gardinier ACR844 220 3 76 well log Parcel

15A01 Schuller - 82 20 27 well log Qtr Qtr

15D01 Eberle - 400 0.25 60 well log Qtr Qtr

15L01 Bretz AKJ688 298 25 210 well log Qtr Qtr

15M01  Free Methodist ALF563 358 50 190 well log Parcel

16A01 USFS - 40 - 31 well log Parcel

16A02 USFS - 40 - 30 well log Parcel

16A03 USFS - 40 - 29 well log Parcel

16A04 Culver AKO019 64 21 40 well log Parcel

16A05 Culver AKO018 64 23 40 well log Parcel

Well ID

Ecology Well 

ID

Total 

Depth (ft) Yield (gpm)

Water 

Level (ft) Locational Accuracy

Water Level 

Source
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