


MEMORANDUM 

Project No.: 120045-011 

July 9, 2018 

To: Mike Kaputa, Chelan County Natural Resources Department 

Pete Cruickshank, Chelan County Natural Resources Department 

From: 

Jason Shira, LHG 

Project Hydrogeologist 

jshira@aspectconsulting.com 

Tyson D. Carlson, LHG 

Associate Hydrogeologist 

tcarlson@aspectconsulting.com 

Re: Mission Basin Streamflow Augmentation and Water Right Conversion Pilot 

Project 

Aspect Consulting, LLC (Aspect) prepared this memorandum to summarize observations and 

findings regarding surface water and aquifer testing in the Mission Basin. The purpose of the study 

is to evaluate the feasibility of using groundwater as a water supply source for streamflow 

augmentation (augmentation) and potential change in source (surface water to groundwater) for 

irrigation water rights.  

This memorandum was prepared for the Chelan County Natural Resources Department (CCNRD) 

to support an alternative (Alternative 5) evaluation under their Mission Creek Flow Improvement 

Appraisal (Appraisal). This study was funded by a Water Resources Watershed Plan 

Implementation and Flow Achievement grant (WRPIFA-CHCONR-00047) and a Centennial Clean 

Water Program grant (WQC-2016-ChCoNR-00239). 

Introduction 
Limited water availability for out-of-stream uses and low streamflow in the Mission Creek 

Watershed were identified as high-priority issues by the Wenatchee Watershed Planning Unit 

(WWPU) in their 2006 Wenatchee Watershed Plan (Plan; WWPU, 2006). The Plan made 

recommendations that resulted in the updated Wenatchee Instream Resource Protection Program 

(Washington Administrative Code [WAC] 173-545) that established minimum instream flows and 

set aside a reservation of water for future development (reserve). In this rule, the Mission Creek 
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Subbasin is subject to an interim reserve of 0.03 cubic feet per second (cfs). CCNRD and the 

WWPU conducted water-storage assessments and engaged local stakeholders to help identify 

viable solutions to the water supply issues in Mission Creek. Though opportunities are somewhat 

limited, targeted improvements are possible for streamflow, habitat, and water quality, and for out-

of-stream domestic uses. 

Pumping groundwater to augment streamflow and mitigate other water use is sometimes an 

effective strategy to create streamflow benefit. The objective of this study was to determine if the 

aquifer(s) are suitable for augmenting streamflow and supporting irrigation in the Mission Creek 

Watershed during periods of low streamflow (June to September; Project). CCNRD met with local 

landowners to discuss this alternative and Alternative 2 (Surface to Ground Transfer) of the 

Appraisal.  

The landowners were very receptive to gaining greater clarity on how significantly their wells were 

connected to Mission Creek, their long-term reliability, aquifer characteristics, and the potential for 

implementation of these alternatives. In cooperation with willing landowners, a long-term aquifer 

test was envisioned as a first step that could transition into a long-term harvest-time pump 

augmentation program. The concept is that landowners could help augment streamflow with 

groundwater discharges from their existing wells when their pumps would otherwise be shut off to 

harvest fruit. Existing wells used in the Project were not optimum for the overall investigation 

goals; however, due to available grant funding and landowner interest, the infrastructure was 

sufficient (with modifications) to meet feasibility-level data-quality objectives.  

CCNRD met with the Washington State Department of Ecology (Ecology), Washington 

Department of Fish and Wildlife (WDFW), and the Yakama Nation to explore options on 

evaluating this alternative. As a result, CCNRD applied for and received a preliminary permit to 

pilot this effort in 2016.  

Summary of Results 
Previous hydrogeologic studies of the Mission Creek Basin have been limited to surface water and 

groundwater interaction (Ecology, 2003 and AMEC, 2010). The primary purpose of this study was 

to evaluate hydrogeologic conditions to determine if streamflow augmentation and conversion of 

surface water right diversions to groundwater withdrawals were feasible.  

Our findings suggest pumping groundwater to augment streamflow is best suited for providing 

mitigation (e.g., temperature or critical ripple depth) for fish passage at select areas during fish 

windows or during periods of drought. Pumping groundwater into Mission Creek to satisfy 

minimum instream flows is not an effective solution due to the following factors: 

 Groundwater pumping effects on surface water are likely to occur above the Yaksum Creek 

confluence; therefore, the ability to disperse impacts from pumping groundwater out of the 

Mission Creek Basin and into the greater Wenatchee River Basin is limited above Yaksum 

Creek. 

 Groundwater level recovery from pumping is slow where the aquifer is semiconfined. This 

limits the run time and density of wells to augment streamflow, due to pumping interference 
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or year-to-year carry over of pumping effects that can lead to long-term declining 

groundwater levels.  

 Surface water infiltrates through the streambed below the Yaksum Creek, which creates a 

challenge to see flow benefit at Ecology station 45E070 because a larger discharge of water 

to the stream is necessary to satisfy the minimum instream flow deficit.  

 The low transmissivity of the semiconfined Chumstick aquifer increases the potential for 

pumping interference and impairment. Additionally, water is not available from the 

semiconfined alluvial aquifer due to the low transmissivity and extent. 

 Suboptimal water quality, due to reducing conditions (e.g., low dissolved oxygen) in the 

semiconfined aquifer, requires additional study to determine if emergency drought relief 

application of streamflow augmentation is advisable for reducing fish mortality. 

Based on results of the pilot Project, we find that streamflow augmentation with groundwater is not 

well suited in the Mission Creek Watershed, due to the necessary quantity and size of wells to 

improve streamflow. Augmenting streamflow with groundwater is effective when the source 

aquifer can produce a sufficient quantity of water, and the stream and source aquifer are separated 

by a very low-hydraulic conductivity unit (clay or sandstone). Augmentation is less effective when 

the adequate groundwater is not available, groundwater recovery from pumping is slow, and the 

stream loses water to ground—which is the case in the Mission Basin. However, there is potential 

for streamflow augmentation using groundwater wells to provide short-term emergency drought 

relief along priority habitat reaches. Additional study is necessary to identify priority reaches, 

characterize groundwater quality to determine suitability for aquatic health, and model the location 

and timing of streamflow improvements and deficits.  

The permitting pathway to convert water rights from surface water diversions to groundwater 

withdrawals is dependent on Ecology’s administration of groundwater bodies in the Mission Basin 

(Revised Code of Washington [RCW] 90.44.100). The Wenatchee Watershed Management Plan 

(WWPU, 2006) implies conjunctive management of surface water and groundwater resources. If 

Ecology administers groundwater and surface water as two separate sources, then a two-step 

permitting process is necessary, where the claim is placed into the Trust Water Right Program and 

used to mitigate the new groundwater withdrawal.  

The low transmissivity of the Chumstick aquifer requires well completion depths capable of 

producing 320 feet of available drawdown and sufficient separation or pumping schedule to limit 

pumping interference and impairment to surrounding groundwater users. The semiconfined alluvial 

aquifer is limited in extent, which makes the aquifer susceptible to impairment. It is feasible to 

convert surface water diversions to groundwater withdrawals via the two-step permitting process, 

withdrawal with a properly drilled and constructed well, and an intermittent pumping schedule that 

allows for groundwater level recovery. The conversion is more feasible if peaking is satisfied with a 

surface water withdrawal during spring runoff or combined with small reservoir storage. 

A summary of the technical results is provided below: 

 The Chumstick aquifer has a transmissivity of approximately 50 square feet per day (ft2/day) 

and hydraulic conductivity of 0.2 feet per day (ft/d). The alluvial aquifer has a transmissivity 

of approximately 1,250 ft2/day and a hydraulic conductivity of 100 ft/d. 
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 Test Wells (TWs) were representative of both unconfined (TW-1, -2, and -6) and 

semiconfined conditions (TWs-4 and -5). 

 Samples collected from TWs and the upper and lower surface water stations were analyzed 

for Dichlorodiphenyltrichloroethane (DDT)/ Dichlorodiphenyldichloroethane 

(DDD)/Dichlorodiphenyldichloroethylene (DDE), fecal coliform, orthophosphate, total 

phosphorous, nitrate, nitrite, total kjeldahl nitrogen, and total suspended solids. All results 

were below water quality screening levels or detection limits, with the following exceptions: 

▪ 4,4-DDE was detected at TW-1 at 2.3 and 2.1 nanogram per liter (ng/L), which is above 

the state surface water criteria for protection of aquatic organisms of 1 ng/L, but below 

the groundwater standard of 300 ng/L. While groundwater at TW-1 is suitable for 

potable use, it is not suitable for augmentation of streamflow. 

▪ Nitrate-N was detected in TW-1 and -2 at concentrations below groundwater standard 

of 10 mg/L.  

 Average daily streamflow along the study corridor ranged from 8 to 30 cubic feet per 

second (cfs) during the duration of the Project. The streamflow at the Ecology gaging 

station ranged from 0 to 56 cfs during the same period.  

 Comparison of streamflow between surface water stations indicate a losing condition 

between MC-Upper and MC-03 and gaining condition between MC-03 and MC-02. A 

losing condition appears to occur between MC-02 and MC-Lower Mission Creek. 

 A basaltic dike was identified in the field near the location of OW-2 and MC-02. The 

location coincides with a measured increase in streamflow and a very low-yield water 

supply well that was used as an observation well (OW-2). OW-2 was the only well 

monitored with no influence from stream stage. The outcrop is not shown on publicly 

available geologic maps; however, basaltic dikes and sills are mapped elsewhere within the 

Chumstick Formation. This extrusion appears to behave as a barrier to groundwater flow, 

and results in localized compartmentalization of the Chumstick aquifer. 

The stream response factors (time to induce pumping effects) for the wells completed in unconfined 

aquifers (TW-1, -2, and -6) are higher (1 to 270 days) than the semiconfined aquifers (0.03 to 0.5 

days). The higher stream response factors and relatively quick recovery times (0.75 to 6 hours) of 

TW-1 and -2 suggest streamflow augmentation is more feasible in the lower unconfined aquifer. 

Geological Framework 
Structural setting, geologic history, and occurrence of groundwater provide the basis for our 

interpretation of the hydrogeology of the Project area. The Project area is sited in the Chiwaukum 

graben within the Cascade Crystalline Core of the North Cascades geologic province. Today, the 

sedimentary rocks of the Eocene Chumstick Formation are bounded by two major northwest-

southeast trending fault zones: the Leavenworth Fault to the west and the Entiat Fault to the east. 

These faults separate the mainly sedimentary deposits of the Chumstick Formation from the 

surrounding metamorphic rocks and flood basalts of the Columbia River Basalt Group found to the 

south as shown on Figure C-1. The structural basin is internally folded and faulted and includes the 

Eagle Creek Fault Zone.  
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The Chumstick Formation is a nonmarine sedimentary deposit formed during a period of 

extensional tectonics after the cessation of the Late Cretaceous Laramide orogeny. The structural 

basin(s) hosting the Chumstick Formation were characterized by rapid subsidence and sediment 

accumulation, rapid lateral and vertical changes in sediment facies, changing paleocurrent pattern 

and sediment provenance, and syndepositional magmatism. Estimates on the depositional age of the 

Chumstick Formation range from 48 to 41 mega-annum (Ma) to less than 51 to 37 Ma (Enkelmann 

et al., 2015). Silling (1979) estimated the basin at 2km thick based on a gravity survey. 

The Chumstick Formation is a white sandstone with varying amounts of shale, conglomerate, 

fanglomerate, and rare siliceous tuff (Tabor et al., 1982). Gresens (1983) notes several mafic to 

intermediate igneous rocks intruding the Chumstick Formation. Gresens (1983) also mapped 

basaltic (horneblende andesite) dikes in the Chumstick Formation in the upper portion of the 

Mission Creek basin. Field reconnaissance during the Project located an unmapped hornblende 

andesite dike (142o/45o NE) located near surface water station MC-02 and observation well OW-02 

as indicated on Figure C-2. Based on comparison of upstream and downstream continuous flow 

measurements and aquifer tests, this structure likely is a barrier to groundwater flow and 

compartmentalizes the aquifer.  

Overlying the Chumstick Formation are alluvial sediments derived from subsequent erosion of the 

Chumstick Formation, resulting in an angular unconformity. Today, the channel of Mission Creek 

is an incised sand- to cobble- to bedrock-dominated channel within the valley bottom alluvial 

deposits. The Mission Creek valley is situated within the deeply-incised Chumstick Formation 

forming a NNE-SSW trending canyon. The canyon roughly follows the strike of the 20 to 50 

degree west-northwest dipping beds, with the Mission Creek channel crossing multiple dipping 

sandstone beds. 

A shallow alluvial aquifer is present in the Project area. In the lower reach observation well,     

OW-01 is a dug well completed in the water table aquifer. In the upper reach of the Project area the 

alluvial aquifer has a clayey confining unit overlying a sand and gravel layer. The clayey layer 

creates semiconfined aquifer condition. The underlying Chumstick Formation aquifer is 

semiconfined due to the alternating sequence of sandstone, shale, and tuffs where fine-grained beds 

and low-grade metamorphism form confining units. Evaluation of groundwater and surface water 

elevations and aquifer testing indicate the Chumstick Formation aquifer is in hydraulic continuity 

with the overlying alluvial aquifer and Mission Creek along the project area. 

Well Selection and Permitting 
The following section describes the methodology used in completing the Project. Implementation 

of the Project was greatly influenced by willingness of landowners and voluntary use of their 

existing well infrastructure and equipment to perform aquifer testing. Without their involvement, an 

augmentation study requiring new infrastructure would have required hundreds of thousands of 

dollars in drilling costs alone. To conform to available grant funding and landowner interest, 

existing wells were used that were not necessarily optimum for the overall investigation goals, but 

nevertheless advanced the learning of this proof-of-concept option.   
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Well Selection 
Well selection began with a meeting held on May 20, 2015, with Mission Creek Basin landowners 

and CCNRD to discuss flow improvement concepts and collect feedback as part of an ongoing 

County-led watershed planning process. Four landowners expressed interest in pursuing future 

projects with CCNRD. A reconnaissance-level site visit was performed in November 2015 to 

evaluate seven irrigation wells for inclusion in a hydrogeologic evaluation. From the seven wells 

evaluated, six wells were selected for initial testing in April 2016. The six wells were selected 

based on landowner involvement, completion depths (wells completed in the Chumstick Formation 

were preferred over alluvium wells) and used solely for irrigation purposes. Following the April 

2016 testing, it was determined that to meet standard data-quality objectives for the Project, 

sounding tubes and a video scan of each well was necessary to collect water-level data and well-

construction details. One well, TW-3, was excluded from the Project due to sedimentation of the 

well.  

Permitting 
CCNRD submitted preliminary permit application materials for authorization to test wells on July 

15, 2016. A preliminary permit for Water Right Application No. G4-33175 was issued October 31, 

2016. The overall objective of the preliminary permit is to obtain sufficient hydrogeologic data to 

support a decision on the water right application for Ecology to evaluate water availability, 

impairment of existing rights, and whether the proposed withdrawal would be detrimental to the 

public welfare. CCNRD’s application for a preliminary permit was to facilitate aquifer testing with 

the intent to collect necessary information to evaluate streamflow augmentation with groundwater 

and surface-to-groundwater transfers as alternatives in the Appraisal.  

A Project planning meeting between CCNRD, WDFW, Yakama Nation, and Ecology took place in 

June 2016 to discuss the project goals and permitting pathway. CCNRD developed a quality 

assurance project plan (QAPP; Aspect, 2016) and obtained a construction stormwater general 

permit (WAR304325) to authorize discharge of dewatering water to Mission Creek, a preliminary 

permit (G4-33175) for approval to complete pumping tests in each irrigation well, and hydraulic 

project approval (2016-2-97+01) for the installation and maintenance of the temporary discharge 

structures.  

Field Measurements 
The following sections provide an overview of the deviations from the QAPP; locations of surface 

water stations, observations, and test wells; and a general description of well completions.  

Acquisition of data primarily relied on dataloggers to collect pressure and flow rate readings from 

pressure sensors and flow meters. Field measurements were collected for quality assurance, quality 

control, and as back-up measurements in the event of data loss or equipment failure.  

QAPP Deviations 
The QAPP details the procedures for data collection and evaluation of aquifer parameters and water 

quality. During implementation of the project, three deviations from the QAPP occurred, including: 

1. Elimination of TW-3 from study 

2. Additional surface water gaging stations 
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3. Shorter duration pumping tests on TW-1 and -2 

Surface Water Monitoring Locations 
Surface water gaging stations were established along a 3.6-mile-long corridor of Mission Creek that 

ranges in elevation from 1,300 to 980 feet above mean sea level. Details and locations are presented 

in Table C-1 and on Figure C-2. The upstream and downstream surface water monitoring stations, 

MC-Upper and MC-Lower, were established to measure water quality parameters, stream stage, 

and flow. The surface water monitoring stations established within monitored corridor (MC-01, 

MC-02, and MC-03) were established to measure stream stage and change in stream flow between 

gaging stations. These stations were added after development of the QAPP, based on stakeholder 

input and anecdotal evidence of gaining and losing reaches along the corridor. 

The distance between each of the gaging stations was approximately 1 mile, except for the distance 

between MC-02 and MC-03, which was 0.6 mile. The downstream gaging station (MC-Lower) 

bounds lower end of the project area to above Tripp Canyon, approximately 2.8 river miles from 

the Wenatchee River confluence. The upstream gaging station (MC-Upper) was located below the 

Wenatchee National Forest boundary adjacent to the uppermost orchard in Mission Creek, 

approximately 6.4 river miles upstream from the Wenatchee River confluence.  

Groundwater Monitoring Wells 
Groundwater monitoring occurred at two different well types: test wells (TW) and observation 

wells (OW). Water quality and continuous measurement of groundwater levels and discharge rates 

were collected at TWs and continuous water level measurements were collected at the OWs. Table 

C-2 provides an overview of the locations and observations made at the TWs and OWs. 

Groundwater Well Locations 

The TWs and OWs were located longitudinally along Mission Creek (Figure C-2). Mission Creek 

was broken into two reaches—upper and lower—based on field observation of a basaltic dike, 

stream discharge measurements, and static water level measurements: 

 Lower Reach – TW-1 and -2 were located 170 feet apart, with OW-1 located between the 

two test wells. These wells were located at the downgradient portion of the lower reach 

(Figure C-2).  

 Upper Reach – OW-3 was a domestic supply well located along the lower one-third of the 

upper reach. TW-4 was located approximately 1,200 feet south of OW-3. TWs-4, -5, and -6 

were located along the upper one-half of the upper reach (Figure C-2). OW-4 was located 60 

feet to the northeast of TW-6.  

Well Construction 

The TWs were completed in either alluvium or the Chumstick Formation. Detail on well 

construction and aquifer completion are provided in Table C-3 and Attachment C-1. A summary of 

well construction and water bearing units is provided below: 

 TW-1 was drilled and cased to 43 feet below ground surface (bgs) and completed as open 

hole to 254 feet bgs via cable tool. The casing was driven 2 feet into sandstone of the 

Chumstick Formation and was sealed to 30 feet bgs. The casing does not provide a sufficient 

seal to prevent water from the overlying alluvium from entering the open hole. TW-1 
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captures water from the Chumstick Formation with a minor contribution from the overlying 

alluvium.  

 TW-2 was initially drilled to 40 feet via air rotary. The well was cased and completed with 5 

feet of well screen from 32 to 37 feet bgs. Subsequently, the steel casing and stainless-steel 

screen were removed. The well was deepened to 218 feet bgs via air rotary. An 8-inch-

diameter PVC casing was installed and sealed to 45 feet bgs, approximately 4 feet into 

sandstone of the Chumstick Formation. A 7-inch-diameter PVC liner is perforated beginning 

at 70 feet bgs and extends to 228 feet bgs. TW-2 captures water from the Chumstick 

Formation with a minor contribution from the overlying alluvium (i.e., water from the 

overlying alluvium audibly cascades into the well). 

 TW-3 was removed from the Project. The well was full of sediment and the pump was 

heavily damaged from pumping sand. 

 TW-4 was drilled to 52.5 feet bgs via air rotary. Casing was installed to a depth of 41 feet 

bgs, perforated from 31 to 40 feet bgs, and sealed to 18 feet bgs. The bottom 12.5 feet of the 

well was completed as an open hole in sandstone and shale of the Chumstick Formation. 

TW-4 captures water from a sand and gravel unit located above the Chumstick Formation.  

 TW-5 was drilled to a depth of 320 feet bgs via air rotary. The well was completed as open 

hole in the Chumstick Formation except for a 19-foot surface casing and seal through a 

sandy alluvium. TW-5 captures water from multiple water-bearing zones (bedding planes 

and primary porosity) within the Chumstick Formation.  

 TW-6 was deepened to 340 feet bgs via air rotary from 280 feet bgs. The original driller’s 

report was not located, and the 6-inch-diameter PVC liner prevented video of the formation 

and well construction details. Based on construction of neighboring wells, it is presumed an 

8-inch-diameter casing extends at least 40 feet through alluvium and the well is open to the 

Chumstick Formation. TW-6 captures water from the Chumstick Formation with a minor 

contribution from the overlying alluvium.  

The OWs were completed as either alluvium or Chumstick Formation wells, and have construction 

details as follows: 

 OW-1 was a dug well completed in alluvium. A driller’s log was not available.  

 OW-2 was drilled to 400 feet bgs via air rotary. Casing and surface seal extend to 22 feet 

bgs. The well was completed as an open-hole and captures water from the Chumstick 

Formation.  

 OW-3 was drilled to 79 feet bgs via air rotary. A casing extends through the alluvium to 39 

feet bgs and is perforated from 21 to 34 feet bgs. The bottom 40 feet was completed as open 

hole in the Chumstick Formation. OW-3 captures water from a sand and gravel unit and the 

Chumstick Formation. 

 OW-4 was drilled to 38 feet bgs via air rotary. A casing extends the entire length of the well 

and captures water from the alluvium through an open bottom.  

Aquifer Tests 

Short (less than 8-hour) pumping tests were conducted on the lower reach TWs (TW-1 and -2). The 

upper reach TWs (TW-4, -5, and -6) were continuously pumped for at least 26 days. During the 
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pumping tests, water levels were collected in the nonpumping TWs and OWs. Table C-4 provides 

an overview of the aquifer testing conditions. 

Data Analysis 
The use of groundwater to augment streamflow depends on a sufficient quantity of water that meets 

water quality objectives and will not impact streamflow in an unacceptable time nor place. This 

section details the methods used to analyze the data collected during the field study. Field data was 

collected to evaluate hydraulic continuity between the aquifer and Mission Creek, aquifer 

characteristics, boundary conditions, and water quality with respect to Mission Creek’s water 

quality impact listings (i.e., 303d listings). 

Surface Water and Groundwater Hydrographs 
Hydrographs, which illustrate rate of flow (discharge) or water level over time, are used to evaluate 

changes in streamflow and groundwater level due to influences from changes in climatic conditions 

(precipitation and barometric pressure), geography, and human activity (groundwater pumping). 

Continuous data was collected to enable evaluation of surface water and groundwater hydrographs. 

Stream Stage and Flow 

Surface water hydrographs were generated from 15-minute stage measurements. Table C-5 is the 

rating table used for continuous streamflow measurements. A rating curve describes the unique 

relationship between depth and streamflow for each gaging station. A rating curve for each 

temporarily established gaging station was used to convert the 15-minute stage measurements to a 

discharge. Discharge measurements were made over varying flow rates. Streamflow measurements 

made on October 28, 2016, were flagged as having “possible equipment malfunction;” these stage 

and flow rate measurements were excluded from the rating curves.  

Due to the limited number of discharge-stage measurements and narrow range of discharges 

measured, a simple linear regression was used to describe the relationship between stream stage and 

flow rate. Average daily streamflow measured at the temporary gaging stations during the Project 

ranged from 8 to 30 cfs, as shown on Figure C-3. Ecology gaging station 45E070, located at the 

mouth of Mission Creek near the confluence with the Wenatchee River, measured 0 to 56 cfs 

during the same period.  

Simultaneous measurement of stream flow at multiple locations allows for estimation of losing and 

gaining reaches along the stream corridor. To quantify gaining and losing reaches, a more detailed 

study was necessary to account for contributions from tributaries and return flow, and losses from 

withdrawals and evapotranspiration along the reach. Review of Figure C-3 suggests the stream 

loses flow along the length of the stream. An exception occurs between stations MC-03 and MC-02 

where a greater amount of flow is observed in Mission Creek. This coincides with the location of an 

observed outcrop of a basaltic dike, suggesting that diking is perhaps constricting flow through the 

alluvium to the surface. 

Groundwater Levels 

The static groundwater levels in the TWs prior to conducting the aquifer tests are presented on 

Figure C-4. The relative barometric effect to total drawdown is small; therefore, a correction for 

barometric efficiency was not applied to the dataset. The influence of stream stage on groundwater 
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levels was not apparent in the static water levels. Longer-term ambient groundwater monitoring 

may provide additional insight on well response and aquifer recharge due to changes in stream 

stage during peak-flow and low-flow events. 

The full hydrograph for the OWs is presented on Figure C-5. The hydrograph shows recharge was 

occurring in OW-4, -3, and -1. However, the hydrograph for OW-2 is flat, which is an indication 

that OW-2 was not rapidly recharged. Due to the lack of recharge or response to stream stage OW-2 

is interpreted as completed in a compartmentalized body of groundwater with little connection to 

Mission Creek, nor to the greater alluvial or Chumstick aquifers. 

Pumping effects are discernable in the hydrographs for OW-1, -3, and -4. Pumping TW-1 and -2 

had a rapid response on OW-1; whereas, the pumping effect on OW-3 from pumping TW-4 showed 

a delayed pumping effect due to removing water from storage and depressing the potentiometric 

surface in the alluvial aquifer.  

Aquifer Characteristics 
Aquifer parameters (hydraulic conductivity and transmissivity) and presence of boundary 

conditions are often determined by analysis of time-drawdown and recovery curves. Aquifer 

parameters were derived by calculating transmissivity using Jacob’s straight-line method 

(Kruseman and de Ridder, 2000). Storativity was estimated based on aquifer condition (confined, 

semiconfined, or unconfined) and lithology for the unconfined condition. The presence of boundary 

conditions is presented as inflections in drawdown curves (Driscoll, 1986).  

Aquifer Parameters 

The hydraulic conductivity of the alluvial sediments is approximately 100 feet/day, and a 

transmissivity of 1,270 feet2/day, assuming a saturated thickness of 13 feet. The underlying 

Chumstick Formation sandstone has a hydraulic conductivity of approximately 0.2 feet/day, and a 

transmissivity of 50 feet2/day, assuming an average saturated thickness of 265 feet is captured by 

wells.  

TW-1, -2, and -6 are completed in an unconfined aquifer, and TW-4 and -5 are completed in 

semiconfined aquifers. Storativity of the semiconfined aquifer is estimated at 1x10-3, and 0.15 for 

the unconfined aquifer. Table C-6 presents the aquifer characteristics derived from aquifer testing.  

Drawdown curves for TW-1 and TW-2 were not analyzed due to excessive drawdown during 

pumping tests resulting in pump cavitation and high pressure at the wellhead discharge. Recovery 

curves for TW-1 and TW-2 were captured to facilitate analysis of aquifer parameters (see Figures 

C-6 and C-7 for recovery curves).  

Boundary Conditions 

The presence of boundary conditions was evaluated by analysis of drawdown curves. A positive 

boundary condition is indicative of a recharge boundary (e.g., stream), and a negative boundary 

condition indicates a potential barrier to groundwater flow (Driscoll, 1986). Figures C-8 thru C-10 

present the drawdown and recovery curves used for analysis of these wells. Time-drawdown curves 

for TW-4, -5, and -6 indicate the presence of a potential recharge boundary following 2 to 8 days of 

testing.  
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The Project drawdown and recovery curves present a characteristic S-shaped-curve. TWs-1, -2, -5, 

and -6 were completed in Chumstick sandstone. The shape of the drawdown curves suggests that 

discharge from the aquifer is satisfied by double-porosity aquifer framework. For example, early in 

the pumping cycle, flow towards the well is entirely through fractures, or bedding planes, which 

have higher hydraulic conductivity and lower storage capacity. Later, the primary porosity of the 

sandstone layers (which have lower hydraulic conductivity and higher storage capacity) contributes 

flow to the fractures, which stabilizes drawdown. Finally, late in the pumping cycle, flow is entirely 

from the primary porosity of the sandstone layers.  

The alluvial well TW-4 also shows a characteristic S-shaped curve; however, the mechanism is 

different due to the unconsolidated nature of the aquifer matrix. For TW-4, the early pumping is 

typical for a semiconfined aquifer, but later the curve flattens as flow drains from the pores in the 

overlying silty clay unit, then discharge is entirely from storage.  

Well Yield 

The well yield is derived as the specific capacity and available drawdown within the well. Specific 

capacity is a measure of well yield per unit drawdown, expressed as gallons per minute per foot 

(gpm/ft), and available drawdown is the height of water above the pump intake, minus 10 feet (to 

keep water above the intake). The yield of the alluvial well is approximately 90 gpm and the 

sandstone wells have a lower average yield of approximately 60 gpm. Table C-7 provides the 

specific capacity, available drawdown, and yield of the TWs. 

Water Quality 
Surface water sample results indicate an increase in fecal coliform count and nitrate from upstream 

to downstream. Surface water and groundwater quality sample results are presented in Table C-8 

and laboratory reports are provided in Attachment 2.  

Groundwater quality results indicate variability concerning the oxidation-reduction potential (ORP) 

and dissolved oxygen (DO) content. ORP and DO are often positively correlated. TW-6 and TW-5 

indicate reducing conditions exists. This is consistent with field observation of weak sulfurous odor 

from TW-6 and strong odor from TW-5 during pumping.  

Pesticide 4,4-DDE was detected in TW-1 at a concentration of 2.3 ng/L, and in the duplicate 

sample (BCC615) at 2.1 ng/L. These concentrations are above surface water quality criteria for 

protection of aquatic health (1.0 ng/L). 

All other parameters for samples collected not mentioned above were either below detection limits 

or detected at levels below regulatory criteria. 

Postcalibration of the conductivity sensor revealed that the measurements collected on November 7, 

2016, were not accurate; actual conductivity of the stream is lower than measured. 

Additional steps should be taken to characterize the water quality of potential streamflow 

augmentation wells for aquatic health, and geochemically “type” the water for purposes of 

understanding recharge pathways. 
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Surface Water Diversion to Groundwater Point of Withdrawal 
Authority to convert a surface water right to a groundwater right is derived through several laws, 

including RCW 90.03.380, 90.44.100, and 90.54.020(9), provided the change occurs within the 

same source of water, water is available, in the public interest, and will not impair existing rights.  

Same Source of Water 

Figure C-4 shows the fluctuation of static water levels in the test wells, barometric pressure, and 

streamflow over a 1-week period. The hydrograph suggests the Chumstick (semiconfined and 

unconfined) and semiconfined alluvial aquifers are not in direct hydraulic continuity with Mission 

Creek, and likely not considered to be the same source of water.  

A determination on water right administration is a consideration of both management and technical 

considerations. WWPU (2006) implies a conjunctive management of surface and groundwater 

resources. Alternatively, it is possible to obtain a new groundwater right by transferring a 

certificated surface water right to the Trust Water Right Program (TWRP) and using the trusted 

water right as mitigation for a new water budget neutral (WBN) groundwater right.  

Based on local geology, aquifer conditions, and observed well yields, we have assumed the average 

well can produce about 75 gpm, which implies that one well will be required for every 8.3-acre 

orchard block at an average water duty of 9 gpm/acre.   

Impairment Analysis 

RCW 90.03.290 and RCW 90.44.060 require a determination that a water right change will not 

impair existing rights. Impairment was evaluated by calculating drawdown in a hypothetical 

neighboring well using the aquifer parameters in Table C-6, a storativity of 1x10-3 for semiconfined 

aquifers, an assumed distance of 400 feet between a proposed point of withdrawal and neighboring 

permitted or permit-exempt well, and the governing Theis equation (Theis, 1935). We assumed that 

an instantaneous quantity (Qi) of 75 gpm was necessary for an 8.3-acre orchard (or about 9 

gpm/acre).  

Continuously pumping a well completed in the Chumstick aquifer was calculated to result in 

approximately 7 feet and 68 feet of drawdown over a 1-day and 1-month period, respectively. For a 

well completed in the semiconfined alluvial aquifer, continuous pumping resulted in 2.6 feet and 

5.6 feet of drawdown over a 1-day and 1-month period, respectively. Pumping groundwater from 

the Chumstick or alluvial aquifers for 1 day is not a cause for impairment. Due to the thickness of 

the Chumstick Formation 68 feet of additional drawdown may not constitute impairment; however, 

an additional 68 feet of drawdown in existing wells, which may not have sufficient available 

drawdown, may constitute impairment. An additional 5.6 feet of drawdown in the alluvial aquifer 

may constitute impairment due to the limited thickness of the semiconfined alluvial aquifer. Any 

impacts to surface water would be offset by the nondiversion of surface water. 

Water Availability 

Water availability is considered as two parts: legal availability and physical availability.  

The specific capacity of tested wells is relatively low (average of 0.3 gpm/ft) for wells completed in 

the Chumstick Formation. The specific capacity for the TW-4, completed in the semiconfined 

alluvial aquifer, is higher at 3.9 gpm/ft; however, groundwater level decline was observed in OW-2, 
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which suggests the semi-confined alluvial aquifer is limited in extent. The limited extent of the 

semiconfined alluvial aquifer makes it susceptible to impairment. 

To satisfy peak demand (i.e., instantaneous quantity) for an 8.3-acre orchard, approximately 75 

gpm is required. This instantaneous quantity requires a minimum of 250 feet and 19 feet of 

available drawdown in the Chumstick and alluvial aquifers, respectively. Given thinness of the 

semiconfined alluvial aquifer and observed decline during testing, it is reasonable to assume water 

is not available. Given the thickness of the Chumstick Formation water may be available; however, 

a reduction is water quality is anticipated with depth that may limit availability. 

Regarding the legal availability of water, review of surface water rights in the Mission Basin 

revealed that most water rights are claims. Transfer of claims will require Ecology to review extent 

and validity of the water right and make a tentative determination of the beneficial use, and public 

notice. 

While water may be legally available for groundwater withdrawal by mitigation with a surface 

water right, water physical availability is very limited. 

Streamflow Augmentation 
The goal for augmenting streamflow with groundwater in the Mission Basin was to increase 

streamflow during the low-flow season (e.g., June to September) and offset impacts from permit-

exempt well withdrawals. Augmenting streamflow with groundwater is effective when the source 

aquifer can produce a sufficient quantity of water, and the stream and source aquifer are separated 

by a very low hydraulic conductivity unit (clay or sandstone). Augmentation is less effective when 

the source aquifer cannot produce sufficient quantities of water, groundwater recovery from 

pumping is slow, and the stream loses water to ground.  

Stream depletion due to groundwater pumping is evaluated by calculating a stream response factor, 

which indicates how rapidly streamflow depletion will occur in response to pumping (Barlow and 

Leake, 2012). The stream response factors and recovery times for the Project are presented in Table 

C-9. The stream response factors for the wells completed in unconfined aquifers (TW-1, -2, and -6) 

were higher (1 to 270 days) than the semiconfined aquifers (0.03 to 0.5 days). The higher stream 

response factors and relatively quick recovery times (0.75 to 6 hours) of TW-1 and -2 suggest 

streamflow augmentation is more feasible in the lower unconfined aquifer.  

The quantity of water necessary to increase streamflow to the minimum instream flow (WAC 173-

545-60) during June for steelhead spawning (24.2 cfs) is 9.2 cfs during a median year and 

approximately 15.8 cfs during the 2015 drought year, as measured at Ecology gaging station 

45E070. Augmenting the streamflow with wells would require 55 to 95 wells (of similar 

construction to those tested) pumping 75 gpm. This does not account for water that would be lost to 

ground prior to reaching Ecology’s gaging station.  

Streamflow augmentation in the Mission Basin is not considered an effective solution for 

improving low-flow season flows due to the quantity of water necessary to meet the minimum 

instream flow criteria, potential for impairment to neighboring water rights, and groundwater 

availability. 
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The applicability of pumping groundwater to augment streamflow is more applicable to improving 

flow conditions for targeted reaches. Especially, for providing mitigation (e.g., temperature or 

critical ripple depth) for fish passage at select areas during certain times or during periods of 

drought. Additional study is necessary to identify priority reaches, characterize groundwater quality 

to determine suitability for aquatic health, and model the location and timing of streamflow 

improvements and deficits. 
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Limitations 
Work for this project was performed for the Chelan County Natural Resources Department (Client), 

and this report was 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 for the Client apply only to the services described in the 

Agreement(s) with the Client. Any use or reuse by any party other than the Client is at the sole risk 

of that party, and without liability to 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. 

Attachments 
Attachment C-1 – Well Logs 

Attachment C-2 – Laboratory Reports 

Table C-1 – Surface Water Stations 

Table C-2 – Groundwater Monitoring and Test Locations 

Table C-3 – Well Construction  

Table C-4 – Aquifer Test Conditions 

Table C-5 – Rating Table 

Table C-6 – Aquifer Parameters 

Table C-7 – Well Yield 

Table C-8 – Water Quality Results 

Table C-9 – Stream Response Factor 

Figure C-1 – Mission Creek Basin Surficial Geology 

Figure C-2 – Monitoring Locations 

Figure C-3 – Surface Water Hydrographs 

Figure C-4 – TWs Static Water Levels 

Figure C-5 – OWs Water Levels 

Figure C-6 – TW-1 Recovery Curves 

Figure C-7 – TW-2 Recovery Curves 

Figure C-8 – TW-4 Drawdown and Recovery Curves 

Figure C-9 – TW-5 Drawdown and Recovery Curves 

Figure C-10 – TW-6 Drawdown and Recovery Curves 
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Table C-1. Surface Water Stations
Project No. 120045, Mission Creek Augmentation Pilot Project, Cashmere, WA

River Mile Latitude Longitude Parameters

2.8 47.488353 -120.481679 WQ, S, F

3.8 47.476769 -120.492246 S & F

4.7 47.466062 -120.491899 S & F

5.3 47.458476 -120.490121 S & F

6.4 47.44375 -120.495549 WQ, S, F

Notes

WQ sampled for water quality parameters

S stream stage continuously measured

F stream flow measured

`

MC-Upper

LocID

MC-Lower

MC-01

MC-02

MC-03

Aspect Consulting

07/06/2018
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Table C-1
Mission Creek Augmentation Pilot Project
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Figure C-3

Surface Water Hydrographs
Project No. 120045, Mission Creek Augmentation Pilot Project, Cashmere, WA
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Figure C-4

TWs Static Water Levels
Project No. 120045, Mission Creek Augmentation Pilot Project, Cashmere, WA
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Figure C-5

OWs Water Levels
Project No. 120045, Mission Creek Augmentation Pilot Project, Cashmere, WA
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Figure C-6

TW-1 Recovery Curves  
Project No. 120045, Mission Creek Augmentation Pilot Project, Cashmere, WA
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Figure C-7

TW-2 Recovery Curves 
Project No. 120045, Mission Creek Augmentation Pilot Project, Cashmere, WA
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Figure C-8

TW-4 Drawdown and Recovery Curves
Project No. 120045, Mission Creek Augmentation Pilot Project, Cashmere, WA
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Figure C-9

TW-5 Drawdown and Recovery Curves 
Project No. 120045, Mission Creek Augmentation Pilot Project, Cashmere, WA
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Figure C-10

TW-6 Drawdown and Recovery Curves
Project No. 120045, Mission Creek Augmentation Pilot Project, Cashmere, WA
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Figure C-11

Ecology Station 45E070 Hydrograph 
Project No. 120045, Mission Creek Augmentation Pilot Project, Cashmere, WA
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