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

 

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

 

The Mission of the Washington State Department of Ecology is to 
protect, preserve and enhance Washington’s environment, and 
promote the wise management of our air, land and water for the 
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1.0 Introduction 
This technical memorandum describes results of an appraisal-level study of the potential for 
groundwater infiltration in two study areas within the Yakima River Basin. The objective of the 
proposed groundwater infiltration program is to divert water prior to storage control into designed 
infiltration systems (ponds, canals, galleries, or spreading areas), and allow the infiltrated water to be 
used or credited in lieu of reservoir releases. The expected outcome of the infiltration program is higher 
streamflows in the Yakima River during spring out-migration of salmon, reduced reservoir releases 
during storage control, and higher carryover storage in the reservoir system at the end of an irrigation 
season.  

Two study areas were selected for appraisal-level assessment – Kittitas Reclamation District (KRD) and 
Wapato Irrigation Project (WIP).  Although only two areas were chosen for this appraisal-level study, 
there are other areas where this concept may have applicability. Other areas with large potential include 
the Moxee Valley and South Slope of Rattlesnake Ridge.   After initial Pilot testing, other project areas 
may be added to the program. 

This report also includes background on the hydrogeology, a hydregeologic analysis in each study area 
describing groundwater flow conditions and potential groundwater mound build-up, and initial 
RiverWare modeling of basin operations that include the estimated effects groundwater infiltration on 
flow, reservoir levels, and water deliveries in the Yakima Basin.  

For purposes of RiverWare modeling conducted for the Yakima River Basin Study, a groundwater 
infiltration volume of 100,000 acre-feet per year was selected.  At full scale, it is anticipated that 
between 160 and 500 acres of total infiltration area will be necessary to achieve a total infiltration 
capacity of 100,000 acre feet. Based on an initial analysis prior to any pilot testing, individual 
infiltration ponds are not likely to exceed 10 acres in size, and will more likely be in the range of 2 to 5 
acres. Therefore multiple smaller infiltration areas should be anticipated rather than a few large 
facilities. Construction of ponds is anticipated to be straightforward and simple using basic earthworks 
and conveyance. However, full-scale implementation on the KRD system will be dependent on 
construction of the Thorp Pump Station.  
RiverWare simulations show that total infiltration volumes will vary from year to year depending on 
snowpack conditions, runoff, and reservoir re-fill requirements, but that on average, approximately 
100,000 acre-feet of water can be made available for groundwater infiltration purposes prior to storage 
control (when reservoirs stop filling and start drawing down).   Refinement of the volume for infiltration 
can be carried out at a later stage of project evaluation.  
Infiltrated water can be used or credited to water supply in lieu of reservoir releases in two ways: active 
withdrawal and passive return flow. Active withdrawal of infiltrated water could be achieved using a 
combination of shallow wells, canals or drains. Passive return flow will occur at various locations and 
timings along the Yakima River and tributaries, depending on the location of individual infiltration 
areas. Pilot testing of infiltration ponds and more detailed modeling of withdrawal and return flow 
scenarios will be necessary to determine actual “wet water” benefits to specific water users and 
streamflow from groundwater infiltration.  

For the RiverWare modeling described in this report, it was assumed that the majority of the infiltrated 
water was “used” in the same year that it was infiltrated, and that the use was simulated as return flow to 
RiverWare’s operational control points in the Yakima River. Flows at these control points are important 
determinants for reservoir releases.  

In the WIP study area, depths to groundwater are generally shallow; hydraulic conductivity is generally 
high; there is a large saturated thickness; and there is a strong possibility that lateral drains will be able 
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to effectively capture return flows from applied infiltration. Ponds that produce moderate mound heights 
will cause a convergence of flow toward existing drains, lateral canals, or shallow trenches, which could 
be effective systems to capture applied infiltration for use in lieu of reservoir releases. In a regional 
context, applying infiltration to the WIP study area during the winter and spring months could restore 
the groundwater hydrograph to a more normal condition (where the highest water levels are present 
during the winter and spring). By recharging the groundwater system earlier and improving capture 
efficiency of canals, the need for reservoir releases early in the season could be reduced.  

In the KRD study area (as compared to the WIP study area), depths to groundwater are somewhat 
deeper; hydraulic conductivity is generally lower; there is a lower saturated thickness; and there are 
fewer large interconnected main lateral canals to capture returns from applied infiltration using existing 
infrastructure. Ponds that produce small to moderate mound heights will need to be managed using 
shallow wells, and an effective regulatory mechanism will need to be developed to track and operate 
them. The potential for longer-term, measurable improvements to base flow are greater in the KRD 
study area because of the overall convergence of flow toward the Yakima River above Umtanum. Over 
the long term, essentially all water that is infiltrated but not actively withdrawn will accrue as a steady 
state (i.e., year-round) increase in base flow to the Yakima River at Umtanum. 

Pilot testing is necessary to verify design features of specific groundwater infiltration systems and 
determine the benefits and potential reduction in demand for specific water users. Pilot testing is 
proposed in both the KRD and WIP study areas. The most promising general locations for infiltration 
have been identified in each study area. In the KRD, the vicinity of Naneum Creek and Badger Pocket 
have been targeted. In the WIP, an area between the WIP Main Canal and Marion Drain has been 
delineated based on groundwater flow directions recently published by the USGS.  

In each study area, two pilot-scale infiltration systems would be constructed – each between one and two 
acres in size. Hydrogeologic characterization and installation of monitoring systems would take place as 
part of final site selection and permitting in each area. After construction, each facility would be 
operated for two irrigation seasons and monitoring data would be collected to characterize water-level 
and water quality responses to infiltration. Final analysis and reporting of the pilot test program would 
include groundwater modeling of infiltration using a combination of regional USGS models and local 
scale models. In addition, a regulatory management approach will be needed that can be used to monitor 
and balance groundwater storage inflows and outflows in the basin.  The report is organized as follows: 

• Section 2 describes the study areas evaluated for groundwater infiltration. 

• Section 3 presents a hydrogeologic overview of the groundwater infiltration issues, and a 
hydrogeologic analysis for each study area 

• Section 4 presents the initial RiverWare simulations of groundwater infiltration.  

• Section 5 presents an outline of the proposed pilot-testing program and expected costs. 

2.0 Study Areas  
The Yakima Basin Project provides irrigation water for approximately 465,000 irrigable acres of land 
within the Yakima Basin. The project delivers water to six divisions: Kittitas (59,123 acres), Tieton 
(27,271 acres), Sunnyside (103,562 acres), Roza (72,511 acres), Kennewick (19,171 acres), and Wapato. 
The Wapato Division is operated by the Bureau of Indian Affairs (BIA), but receives most of its water 
supply from the project for irrigation of 136,000 acres of land (Reclamation 2002).  

While the overall project includes the entire Yakima Basin, two specific study areas were chosen for this 
assessment to evaluate some specific aspects of groundwater storage: 
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• The Kittitas Reclamation District (KRD) was chosen because of the potential Thorp Pump 
Station concept, which would deliver piped water to the uppermost canals of the KRD North 
Branch. Having the ability to pump water to these higher portions of the sub-basin, particularly 
in the early spring (March-May) is well aligned with the infiltration concept described 
previously. 

• The Wapato Irrigation Project (WIP) was chosen because of : 1.) the magnitude of allowable 
water deliveries to the WIP system (some of which could be replaced with artificially recharged 
groundwater ; 2) the presence of a large shallow alluvial aquifer area downslope from irrigation 
works; and 3) A main canal with a high delivery capacity that it could be operated most of the 
time during the winter.  

The two study areas are shown on Figure 1. The KRD study area (Figure 2) extends from just north of 
Thorp to south of Ellensburg on the eastern side of the Yakima River. Land within the KRD study area 
is used to grow hay, and there are also some fallow areas. Major structures in the KRD system are the 
Easton Diversion Dam, the Main Canal, the North Branch Canal, and the South Branch Canal. The 
North Branch Canal conveys water from the Yakima River for 36 miles and provides irrigation water for 
much of the Kittitas Valley. Most irrigation occurs south of the canal and the project area. 
Approximately 90 percent of the KRD canal system is composed of unlined earthen canals and the other 
10 percent consists of concrete-lined canals (Montgomery Water Group 2002). This study area is above 
the Parker gage and reductions in demand or increases in return flow to the Yakima River would be 
expected to affect reservoir releases and carry-over storage in the reservoir system. 

The WIP study area (Figure 3) includes the Wapato Division and extends from just south of Parker to 
Granger on the western side of the Yakima River. The WIP is located within Yakama Nation lands and 
is bounded by the Highline canal to the north, the Yakima River to the east, and the Satus Pump Canal 
and the Unit 1 and 2 Pump Canals to the south and west. Approximately 100,000 to 120,000 acres of the 
142,000 potential acres of irrigated land are actively irrigated. Water is diverted from the Yakima River 
at the Wapato Diversion Dam to the Main Canal and then delivered to the Wapato Unit through Laterals 
1, 2, 3, and 4. The Bench Unit also receives water from the Main Canal through the Unit 1 Pump Canal 
and the Main Canal Extension.  

Water from Toppenish Creek is pumped by the Unit 2 Pump Plant to the Unit Pump Canal. Return flows 
from the Wapato and Bench Units currently supply almost all of the water used by the Satus Unit (plans 
are under Interior Department review for a pump station on the Yakima River to serve the Satus Unit). 
Most of the return flows from the Satus Unit return to the Yakima River without reuse on WIP, but are 
part of the water supply for downstream irrigators e.g. KID. (Montgomery Water Group 2002). The WIP 
diversion is above Parker, but the return flows are generally above Prosser.   Thus, return flows of 
increased groundwater infiltration from KRD would become part of TWSA, whereas WIP would need 
to capture diversions at Parker (by using artificially stored groundwater) in order to reduce reservoir 
releases and benefit TWSA.   

The USGS has been studying and characterizing the hydrogeology of the Yakima Basin since 2000. The 
background hydrogeology information provided below is from the USGS reports developed as part of 
the Yakima Basin studies (Jones, et al. 2006; Vaccaro, et al. 2009). Figures 4, 5 and 6 are maps from 
these reports showing the basic hydrogeology of the Yakima Basin. A groundwater flow model of the 
basin-fill deposits in the Yakima Basin is in final development by the USGS. The model has not been 
used in this assessment, but it is anticipated that it would be a component of any future analysis and 
refinement of infiltration and delivery scenarios in the basin.  

Preliminary results of the model, presented by the USGS in September 2010, were focused on the 
impacts of groundwater pumping on river flows. The preliminary results indicated that, on average, 
groundwater pumping reduces flows by 200 cubic feet per second (cfs) by the time the Yakima River 



 

Yakima Basin Study 4 Groundwater Infiltration Appraisal-Level Study 

drains into the Columbia River. The model characterizes the connection between surface and 
groundwater, and can be used to evaluate the dynamics and net effects of infiltration and subsequent 
capture.  

3.0 Hydrogeologic Assessment 
The hydrogeology of the two study areas is characterized using information from the previous basin-
scale assessment of groundwater storage prepared by Golder Associates (2009) with refinements and 
additional site-specific analysis from recent USGS studies (Jones, et al. 2006; Vaccaro, et al. 2009), a 
review of Ecology’s online well inventory database (Ecology 2010), and limited field reconnaissance. 
The hydrogeologic assessment of the shallow, unconsolidated deposits includes an overview of the 
unconfined aquifer, groundwater levels, and aquifer properties. The potential aquifer response to surface 
infiltration is evaluated through a groundwater mounding analysis. The groundwater mounding analysis 
evaluates the potential magnitude and duration of groundwater mounding on top of the water table 
below potential infiltration ponds, based on the design infiltration rates and soil properties.  

3.1 Basic Infiltration Parameters  
There are four basic questions that need to be addressed for the infiltration system: 

1. How much water can be infiltrated? 

2. Once the water reaches the groundwater table, how does the recharge mound evolve over time 
and where does the groundwater discharge? 

3. How much water can be withdrawn (actively or passively) and where? 

4. What are the net benefits (in a given year and year-over-year) to TWSA, streamflow, and 
groundwater levels? 

Groundwater Storage and Down-valley Flow 
Groundwater levels are well characterized, and groundwater flow directions in the basin-fill deposits are 
known in each of the study areas. Figures 7 and 8 show the depth to groundwater, groundwater 
equipotentials, and generalized groundwater flow directions in the KRD study area and WIP study area, 
respectively.  

For an individual infiltration basin or area, there are three graphical perspectives to consider, as shown 
on Figures 9, 10, and 11. Figure 9 is a generalized depiction of the infiltration concept, where water is 
directed to a pond and infiltrated, with recovery via downstream shallow wells or canals.  

When water is infiltrated into the subsurface, it will increase groundwater levels beneath the infiltration 
area and then co-mingle with the existing groundwater flow regime. Figure 10 shows, in schematic 
form, a groundwater mound beneath an infiltration pond. The height that the mound reaches above the 
pre-existing static groundwater level and the time it takes for a mound to build up and decay is a 
function of the rate and duration of infiltration, the size of the infiltration area, and the hydraulic 
properties of the underlying aquifer. In general, larger mounds are formed for larger infiltration areas, 
higher infiltration rates, lower aquifer permeability, and thinner aquifer thickness.  

The infiltration rate from the ground surface to the water table is a function of the properties of the 
soil/unsaturated zone and the design/maintenance of the infiltration system. If a mound reaches the 
ground surface, the ability to infiltrate is reduced. Conversely, if there is little mounding, distinguishing 
between infiltrated and co-mingled groundwater becomes difficult. 

Once infiltration has reached the water table, it will flow downgradient. In some cases, flow paths may 
be changed (at least locally) as a result of infiltration. Figure 11 is a second schematic showing the effect 
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of mounding along a groundwater flow path. The greatest change in groundwater levels occurs directly 
adjacent to the infiltration area, with progressively smaller changes downgradient from the infiltration 
area. This is important to consider because detection and physical monitoring of groundwater-level 
changes from mounding becomes more difficult further from the infiltration area. In addition, the co-
mingling of infiltrated and natural groundwater can affect the physical and regulatory aspects of 
capturing the infiltration for use in-lieu of reservoir releases. This is discussed further in Section 3.1.2. 

Groundwater Capture (Active and Passive) 
For the infiltration concept to succeed, the rate and volume of available withdrawal needs to be 
commensurate with a withdrawal that would otherwise come from a reservoir. Two forms of withdrawal 
are considered – active and passive: 

• An “active” withdrawal would be specifically designed to capture infiltration from a pond or 
canal. A well is the best example, but in some cases a canal or drain could also be designed to 
capture infiltration. Active withdrawals are easily measured, but require additional infrastructure 
compared to current conditions, and may create regulatory difficulties because the water is co-
mingled to some extent with existing groundwater.  

• A “passive” withdrawal would be based on allowable withdrawals from an existing canal or 
stream, based on the presumption that infiltration has increased the flow in that canal or stream 
above what would otherwise exist under normal operational conditions. In many respects, it is 
effectively a credit. Passive withdrawals can utilize existing infrastructure, but are harder to 
measure (they can really only be modeled) and may create operational complexity because the 
water is co-mingled with reservoir releases. 

For active withdrawals (wells in particular), Figure 12 shows two key areas to consider: 

• The area nearest the infiltration area would be the most “active” and would experience the 
greatest change in water level and, potentially, water quality from infiltration. In this area, any 
water withdrawn would primarily be the same water that was infiltrated.  

• The area furthest from the infiltration area represents the ultimate discharge area for the entire 
groundwater flow path to which the infiltration contributes. In this area, the infiltrated water is 
co-mingled with existing groundwater and is providing additional volume (base flow) to the 
discharge area as a function of the net inflow and withdrawal from the infiltration system. 

The characterization and classification of withdrawals (or credits), as they would be used in lieu of 
reservoir releases, is an important conceptual and regulatory issue. 

3.2 KRD Hydrogeology 

Stratigraphy 
The Kittitas sub-basin is a broad, roughly southeast-northwest trending valley within the Yakima River 
Basin, which covers an area of approximately 270 square miles in the central portion of Kittitas County 
(Jones et al 2006, Vaccaro et al 2009). The major structural feature within the sub-basin is the Kittitas 
Valley Syncline, which is bounded to the north by the Naneum Ridge Anticline and to the southwest by 
the Ainsley Canyon and Manashtash Anticlines. Within the sub-basin, the Yakima River approximately 
follows the axis of this syncline, located on the southwestern border of the City of Ellensburg. 
Jones et al (2006) classifies the geology within the Kittitas sub-basin into three main hydrogeologic 
units:  
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• Unit 1 (Alluvium) – An unconfined aquifer that includes the alluvial deposits and Yakima River 
deposits. This aquifer is limited to the extents of the Yakima River floodplains. The reported 
thickness of this unit ranges from 0 to 100 feet. 

• Unit 2 (Thorp Gravel and Fan Deposits) – An unconfined to semi-confined aquifer consisting of 
unconsolidated alluvial fan deposits, loess, terrace deposits, and gravels of the Thorp Formation; 
ranges in thickness from 0 to 790 feet. 

• Unit 3 (Ellensburg Formation) – A confined aquifer consisting of consolidated deposits of the 
Ellensburg Formation and similar undefined continental sedimentary deposits. The thickness of 
this unit ranges from 0 to 2,040 feet with an average thickness of 600 feet. 

The alluvium (Unit 1) and Thorp gravel (Unit 2 outcrop at the ground surface) sustain some agricultural 
pumping. Most of the larger production wells in the Kittitas Valley, however, are screened in the deeper 
Ellensburg Formation (Unit 3). 

Well logs from profile line A1 to A5 (Figure 7) are included in Appendix A.  Golder reviewed 
information provided by the USGS and select well logs from the Ecology database (Ecology 2010). The 
well logs from Ecology were selected based on well depth and type. Drillers’ information for all water 
wells within a 2,000-foot buffer of the cross-section line was reviewed.  

In general, the thickness of the basin-fill deposit (i.e., Unit 2 and Unit 3) decreases from west to east, 
with the greatest thickness observed in the area west of Wilson Creek and Naneum Creek where the 
depth to basalt averages over 200 feet deep. The depth to basalt in the area of Wilson Creek and Naneum 
Creek is less than 25 feet, which likely represents a subsurface basalt ridge. With the exception of the 
area immediately to the east of Naneum Creek, the basin-fill deposits east of this subsurface basalt ridge 
are generally about 50 to 100 feet thick. Most of the basin-fill east of Naneum Creek is interpreted to be 
consolidated Ellensburg formation (Unit 3).  

Most (64 percent) of the wells along profile line A1 to A5 were ultimately completed in basalt or basalt-
derived deposits, while the remaining wells were completed in what was described as gravels, cemented 
gravels, sandstone, or a mixture of clay-silt-sand-gravels. The highest well yields (e.g., 60 to 100 gpm) 
were reported for wells completed in basalt. The maximum well yield observed in the wells not 
completed in basalt was 45 gpm for a well completed in sandstone. Overall, the range in well yield for 
basalt was 7 to 100 gpm; the overall range in well yield for a non-basalt well was 2.5 to 45 gpm.  

Groundwater Depths and Flow Directions 
Figure 7 is the KRD study area groundwater contour and depth to water map for the Kittitas sub-basin. 
Depth to groundwater in the valley ranges from less than 20 feet to more than 200 feet below ground 
surface. Groundwater elevations range from over 2,200 feet above mean sea level (amsl) to less than 
1,450 feet amsl. The groundwater flow direction is generally toward the longitudinal axis of the Kittitas 
Valley Syncline from the margins of the valley, and eventually flows to the south. The groundwater flow 
paths in the Kittitas sub-basin converge in the area where the Yakima River flows out of the valley and 
into the Yakima sub-basin (i.e., just north of Umtanum).  

Hydraulic Properties 
The lateral hydraulic conductivity of the basin-fill units in the Yakima River Basin (including the 
Kittitas sub-basin) ranges from less than 0.1 to more than 17,000 feet per day (ft/d) with a mean of 182 
ft/d and a median of 6 ft/d (Vaccaro et al, 2009). The high range in values is due to the large variation in 
grain sizes and degree of consolidation of the basin-fill material.  

The specific capacity of a well is sometimes reported on a well log and is a measure of the yield per unit 
of drawdown in a well. Specific capacity is dependent on aquifer properties and the quality of well 
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construction. In general, aquifers of low permeability will have lower values of specific capacity, 
whereas aquifers of high permeability will have higher values of specific capacity. A typical rule of 
thumb is that a well with a specific capacity of less than 10 gpm/ft is considered to be completed in an 
aquifer of moderate to low permeability.  

For cross-section A, a total of four well logs contained drawdown information that was used to calculate 
the specific capacity; the range in specific capacity for these wells was 0.02 to 1.5 gpm/ft. Two of the 
wells were completed in fractured basalt. One was completed in a unit described as “rock and caliche.” 
The lowest specific capacity was observed in a well completed in clay. Based on the specific capacity 
data and the yield information, the basin-fill material and basalt in the north KRD area is of moderate to 
low permeability.  

Surface Conditions 
The KRD study area encompasses the portion of the KRD service area that is on the east side of the 
Yakima River. Land cover within the KRD study area consists of irrigated agriculture (primarily used to 
grow hay), non-irrigated agriculture, fallow land, and natural vegetation (Figure 13). The City of 
Ellensburg is located just west of the study area boundary, between the boundary and the Yakima River. 
An extensive canal system provides irrigation water to landowners within the service area.  

The North Canal, which is the primary canal that serves the area, generally follows the eastern boundary 
of the study area, with smaller canals branching from the North Canal. It also crosses a number of creeks 
that run through the study area, including Jones Creek, Currier Creek, Wilson Creek, Naneum Creek, 
Coleman Creek, and Caribou Creek. Badger Pocket is located in the southern-most portion of the study 
area.  

3.3 WIP Hydrogeology 

Stratigraphy 
The Toppenish sub-basin is a broad, east-west trending valley within the Yakima River Basin that 
covers approximately 440 square miles in the Yakima Valley (Jones et al 2006, Vaccaro et al 2009). The 
Hydrogeologic Framework study of the Yakima River Basin (Jones et al 2006, Vaccaro et al 2009) 
classified the geology within the Toppenish sub-basin into five distinct hydrogeologic units:  

• Unit 1 – An unconfined aquifer that includes the alluvial deposits, terrace deposits, loess 
deposits, and Touchet Bed deposits. The reported thickness of this unit ranges from 0 to 80 feet 
with average thickness of 10 feet. 

• Unit 2 – An unconfined to semi-confined aquifer consisting of unconsolidated coarse-grained 
sand and gravel deposits. This unit ranges in thickness from 0 to 270 feet with an average 
thickness of 90 feet. 

• Unit 3 – A confined aquifer consisting of consolidated deposits of the Ellensburg Formation and 
similar undefined continental sedimentary deposits. The thickness of this unit ranges from 0 to 
970 feet with an average thickness of 350 feet. 

• Unit 4 – An aquitard consisting of fine-grained deposits of the top of the Rattlesnake Ridge unit 
of the Upper Ellensburg Formation. The thickness of this unit ranges from 0 to 520 feet with an 
average thickness of 170 feet. 

• Unit 5 – A confined aquifer consisting of coarse-grained deposits of the base of the Rattlesnake 
Ridge unit within the Upper Ellensburg Formation. The thickness of this unit ranges from 0 to 
140 feet with an average thickness of 20 feet. 
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The Yakima River enters the Yakima Valley from the north through the Union Gap in Rattlesnake Ridge 
and flows southeast near the Town of Zillah before leaving the valley and entering the Benton sub-basin 
near the Town of Granger. Toppenish Creek is a significant tributary to the Yakima River and enters the 
Yakima Valley from the southwest and flows generally east to west eventually meeting the Yakima 
River to the east of Granger in the Benton sub-basin.  

Well logs for profile lines B1 to B4 and C1 to C2 (Figure 8)  are included in Appendix B.  Golder 
reviewed information provided by the USGS and select well logs from the Ecology database (Ecology 
2010). The well logs from Ecology were selected based on well depth and type. Drillers’ information for 
all water wells within a 2,000-foot buffer of the cross-section line was reviewed. Due to the high 
variability in detail and interpretation among drillers, the geology was lumped into general stratigraphic 
units consistent with the USGS cross-sections (i.e., Unit 1, Unit 2, Unit 3, and Basalt).  

Based on the well logs, the basin-fill deposits in the Toppenish sub-basin increase in thickness to the 
south to over 200 feet. Bedrock (e.g., sandstone or basalt) was not encountered within the upper 200 feet 
along profile B1 to B4.  Along profile C1 to C2, the basin-fill deposits are greater than 200 feet in the 
south, but decrease in thickness to the north with an estimated average thickness of less than 100 feet.  

About 61 percent of the wells examined were completed in loose, unconsolidated sands and gravels. The 
majority of the remaining wells were completed in sandstone. These wells were completed in the 
northern half of the area along profile C. The average well yield for well logs along profiles B and C 
was 179 gpm, with an overall range in yield of between 10 to 3,000 gpm.  

Unlike the Kittitas study area, many of the wells in the Toppenish sub-basin are completed with screens, 
since the basin-fill deposits within the upper 200 feet of this sub-basin are loose and unconsolidated. 
This suggests that the basin-fill deposits in the Toppenish sub-basin are not as “tight” as the basin-fill 
deposits in the Kittitas sub-basin and would likely have higher infiltration rates.  

The southwestern portion of the study area (western half of profile B) appears to be more fine-grained, 
with more silts and clays, or interbedded mixtures of coarse-grained and fine-grained materials. 
However there is limited availability of the well logs along this transect.  

Drains, tile drains and streams are locations where the groundwater discharges from the basin-fill 
deposits (Vaccaro et al. 2009). Drains are unlined canals or laterals that can capture groundwater when 
the water table intersects the bottom of the drain. A number of drains on the east side of the study area 
may passively capture groundwater as the water table rises with surface infiltration. Therefore, these 
drains could be considered as an extraction / withdrawal location for the groundwater recharge. They 
would likely need to be retrofitted with check structures to slow the rate of discharge of artificially 
storage groundwater. 

Groundwater Depths and Flow Directions 
Figure 8 is a groundwater contour and depth to water map for the Toppenish sub-basin. Depth to 
groundwater in the valley ranges from less than 20 feet to more than 200 feet below ground surface. 
Groundwater elevations range from over 1,000 feet amsl to less than 700 feet amsl. Groundwater 
elevations are highest in the topographic highlands to the western and northern margins of the sub-basin 
near Rattlesnake Ridge, and lowest in the southeast near the Town of Granger. The groundwater flow 
direction is generally east-southeast from the area south of Union Gap and western margins of the valley 
toward the Yakima and Toppenish Rivers. Compared to the Kittitas study area, groundwater flow is 
generally more divergent.  

Flow originating in the area south of Union Gap flows to the south-southeast discharging to the Yakima 
River. Flow originating along the Main Canal area, however, discharges in a more southerly direction 
toward Marion Drain and the Toppenish River. This portion of the flow system is also likely influenced 
by the main canal laterals (2, 3 and 4) that run east-west across the study area and from rill irrigation of 
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the fields (Ring, 2011, personal communication). Flow originating in the far western portion of the sub-
basin generally discharges in the upper-reaches of the Toppenish River.  

Because of the divergent flow pattern and the likely influence of the main canal laterals, the area shown 
on Figure 14 with a highlighted “hourglass” shape is identified as a focus area for potential infiltration.  

Hydraulic Properties 
The specific capacities of wells on cross-sections B and C range from less than 1 gpm/ft to greater than 
75 gpm/ft, with an overall average of 14 gpm/ft. Compared to the KRD study area, wells in the 
Toppenish sub-basin have, on average, higher well yields and are completed with well screens due to the 
loose, unconsolidated basin-fill sediments. The basin-fill material in the WIP area, as a whole, is 
expected to be of moderate to high permeability.  

Surface Conditions 
The WIP study area encompasses the WIP service area on the west side of the Yakima River. The cities 
of Wapato and Toppenish are located on the eastern side of the study area. Irrigation agriculture in this 
area consists primarily of row crops with some orchards and vineyards in the northern part of the study 
area (Figure 15). There is also fallow land, natural vegetation, and some non-irrigated agriculture within 
the study area.  

3.4 Groundwater Mounding 
A groundwater mounding analysis was conducted to evaluate the potential magnitude and duration of 
groundwater mounding on top of the water table below infiltration ponds, based on the design 
infiltration rates and soil properties. The mounding analysis was conducted using the Hantush (1967) 
mounding solution in the aquifer test software program AQTESOLV 4.02.  

The mounding analysis was conducted independently from the RiverWare modeling described in 
Section 4, but is important to determining the feasibility of infiltration. There is insufficient information 
at this time to determine site-specific infiltration parameters, and additional field testing is necessary. 
The analysis presents a range of possible aquifer characteristics and infiltration configurations based on 
the information described in Section 3.3. The input parameters include the following: 

• Aquifer Properties: 

− Hydraulic conductivity (K)  

− Specific yield (Sy) 

− Initial saturated thickness (h0) 

• Recharge Area Properties: 

− Recharge rate (w)  

− Simulation time (t)  

− Time when recharge stops (t0)  

− X coordinate at center of recharge area (X)  

− Y coordinate at center of recharge area (Y)  

− Length in x direction (l)  

− Length in y direction (a)  
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Table 1 shows the peak mound height after 90 days for different combinations of pond size, saturated 
thickness, and hydraulic conductivity. Figure 16 shows an example of how the mound height would be 
expected to change over time for a 5-acre and 10-acre pond. Appendix C includes details on all the 
various pond configurations.  

In general, ponds that produce the highest mound heights could be problematic, since they would raise 
the groundwater level close to or above the ground surface. If the mound height exceeds the level of the 
ground surface, the efficiency of infiltration generally decreases and the impact to surrounding areas 
increases (e.g., water logging of soils and ground seepage). However, mound heights that approach 
ground surface could be efficiently captured using existing canals or shallow trenches.  

Table 1. Mound Height Results 
POND SIZE 

(ACRES) 
SATURATED  

THICKNESS (FT) 
HYDRAULIC  

CONDUCTIVITY (FT/D) 
PEAK MOUND HEIGHT AFTER 

90 DAYS (FT) 

5 100 
20 67 
50 36 

100 22 

10 100 
20 105 
50 59 

100 37 

20 100 
20 154 
50 92 

100 59 

5 200 
20 45 
50 23 

100 13 

10 200 
20 75 
50 39 

100 23 

20 200 
20 118 
50 65 

100 39 
Note: Calculations assume a recharge rate of 2.5 feet/day for 90 days. 
See Appendix C for further detail 

In the WIP study area, depths to groundwater are generally shallow; hydraulic conductivity is generally 
high; there is a large saturated thickness; and there is likely a strong possibility that lateral drains will be 
able to effectively capture applied infiltration. Ponds that produce moderate mound heights and cause a 
convergence of flow toward existing drains, lateral canals, or shallow trenches could be effective 
systems to capture applied infiltration for use in lieu of reservoir releases.  

In a regional context, applying infiltration to the WIP study area during the winter and spring months 
could re-time the groundwater hydrograph to a more “normal condition” (where the highest water-levels 
are present during the winter and spring). By recharging the groundwater system earlier and improving 
capture efficiency of canals, the need for reservoir flows early in the season could be reduced.  

In the KRD study area (compared to the WIP study area), depths to groundwater are somewhat deeper; 
hydraulic conductivity is generally lower; there is a lower saturated thickness; and there are fewer large 
interconnected main lateral canals to capture applied infiltration using existing infrastructure. Ponds that 
produce small to moderate mound heights will need to be managed using shallow wells, and an effective 
regulatory mechanism will need to be developed to track and operate them. The potential for longer 
term, measurable improvements to base flow are greater in the KRD study area because of the overall 
convergence of flow toward the Yakima River above Umtanum. Over the long term, essentially all 
water that is infiltrated but not actively withdrawn will accrue as a steady state (i.e., year-round) increase 
in base flow to the Yakima River at Umtanum. 



 

Yakima Basin Study 11 Groundwater Infiltration Appraisal-Level Study 

4.0 RiverWare Simulations 
The hydrogeologic analysis presented in Section 3 describes what is expected to occur to the 
groundwater system if additional infiltration is applied. This section describes what is expected to occur 
to canal and return flows with a groundwater infiltration component included in the Non-Storage and 
Integrated Plan scenarios. There is no explicit linkage between the RiverWare simulations and the 
groundwater mounding and flow path analysis presented in Section 3, but both evaluations are needed to 
assess groundwater infiltration feasibility. The analysis in Section 3 confirms that acceptable 
hydrogeologic conditions exist in the WIP and KRD study areas for groundwater infiltration and that the 
fate of recharged water can be adequately described and measured. As described below, the RiverWare 
simulations show that sufficient pre-storage control releases for groundwater infiltration can be made 
available and that the use of stored infiltration, in conjunction with the other components of the plan, can 
improve reservoir and streamflow conditions in the basin.  

Pre-storage control flows and uncontrolled natural flows and gains were modeled as being available for 
groundwater infiltration between the beginning of November and the end March at a daily discharge rate 
of between 0 and 595 cfs for each study area (KRD and WIP). The flow rate available on any given day 
was constrained by instream flow requirements. Diversion for infiltration occurred if river flows were 
above 1,000 cfs, and no more than 90 percent of the flow above 1,000 cfs was diverted (up to a 
maximum annual volume of 54,000 acre-feet per year for each study area).  The 1,000 cfs and 54,000 
AF constraints were set to keep the model logic simple.  As the total infiltration capacity becomes more 
clear after pilot testing, higher flows, larger annual infiltration volumes, or more complex diversion rules 
may be appropriate. 

Recovery of groundwater infiltration was simulated using a simple and constant seepage function. In 
reality, seepage will vary with time and distance between the infiltration pond and the discharge area. 
Because the hydrogeologic analysis suggested that many smaller ponds would be preferable to fewer 
large infiltration facilities, a detailed and complex seepage function for RiverWare could not be 
developed. Instead, a high rate of total return flow was used so the majority of the water infiltrated is 
“used” in the same year that it was infiltrated.  

Infiltrated water was modeled as being stored in a simple “reservoir” that was assumed to leak out at a 
rate of 0.7 percent of the volume in storage per day (a maximum of 190 cfs). The seepage was simulated 
as a cumulative return flow at Roza, Parker and Prosser. Flows at these control points are important 
determinants for reservoir releases. Therefore, the benefits of infiltration accrue to the Yakima River at 
points that affect reservoir release decisions. Higher daily or monthly recovery volumes applied to 
specific water users, such as pumping or canal flows used for irrigation needs, are not currently 
incorporated in the RiverWare functions. In addition, carry-over groundwater storage and its effect on 
demand or base flow is not currently incorporated in the RiverWare functions. Adding these capabilities 
to the RiverWare model would require additional and more complex programming that would probably 
need to be linked to a groundwater model.  

The results of the RiverWare scenarios are shown on Table 2. For the KRD system, inflows to 
groundwater infiltration ranged from approximately 4,000 to 54,000 acre-feet annually, with an average 
of 32,719 acre-feet per year over the 25-year simulation period. There was limited capacity for pre-
storage control releases during low storage years, such as 1985, 1994, and 2001. Outflows (returning to 
the river) range from approximately 8,000 to 55,000 acre-feet on an annual basis. For the WIP system, 
inflows were consistently higher, with an average inflow and outflow near the assumed infiltration 
capacity of 54,000 acre-feet annually.  

Over the entire 25-year simulation period, approximately 2.1 million acre-feet of water is diverted, 
infiltrated to groundwater, and “used” in the context of the RiverWare operational logic. Another way to 
conceptualize the infiltration simulation is to apply a banking analogy. On a 5-year basis, approximately 
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160,000 acre-feet of water could be “banked” and “used” in the KRD study area, with an additional 
270,000 acre feet of water in the WIP study area. In other words, over a period of 5 years, a groundwater 
storage account could have a total value of 430,000 acre-feet. The annual “credits and debits” to that 
account (both to water users and to environmental benefits) could be managed in lieu of reservoir 
releases through careful allocation and monitoring of groundwater flow from the infiltration areas to the 
discharge areas. The integration of this aspect of groundwater storage should be examined in future 
updates to the RiverWare model. 

Table 2. RiverWare Model Output – Predicted Inflows and Outflows to Groundwater Storage 
under Non-Structural and Integrated Plan Scenarios 

WATER YEAR 
NON-STRUCTURAL (ACRE-FT/YEAR)1 INTEGRATED PLAN (ACRE-FT/YEAR)2 

KRD WIP KRD WIP 
INFLOW OUTFLOW INFLOW OUTFLOW INFLOW OUTFLOW INFLOW OUTFLOW 

1981 46,602 39,516 54,000 48,163 38,224 31,810 54,000 48,163 
1982 38,889 38,524 54,000 53,468 38,889 37,903 54,000 53,468 
1983 44,390 43,910 54,000 53,875 44,737 44,158 54,000 53,875 
1984 47,437 47,321 54,000 53,952 52,822 51,836 54,000 53,952 
1985 4,120 10,678 54,000 53,906 4,120 11,524 54,000 53,907 
1986 29,713 26,086 54,000 54,288 29,776 26,209 54,000 54,287 
1987 22,380 23,298 54,000 53,921 22,380 23,307 54,000 53,940 
1988 11,095 12,813 54,000 52,741 9,779 11,707 54,000 53,253 
1989 29,007 26,988 54,000 53,798 29,157 26,899 54,000 53,845 
1990 45,194 42,121 54,000 53,881 45,194 42,148 54,000 53,892 
1991 54,000 54,913 54,000 55,553 54,000 54,988 54,000 55,010 
1992 41,038 40,497 54,000 54,082 41,811 41,031 54,000 54,040 
1993 10,022 14,604 54,000 53,555 10,020 14,755 54,000 53,764 
1994 7,057 7,995 54,000 52,276 7,057 8,006 54,000 51,854 
1995 50,469 43,944 54,000 53,754 34,730 30,005 54,000 53,718 
1996 54,000 55,546 54,000 56,319 54,000 53,760 54,000 56,545 
1997 45,844 44,278 54,000 54,092 49,174 47,123 54,000 54,109 
1998 43,187 44,046 54,000 53,924 45,081 45,739 54,000 53,925 
1999 37,451 38,495 54,000 53,910 46,511 46,458 54,000 53,910 
2000 42,893 42,850 54,000 53,954 42,973 44,007 54,000 53,954 
2001 5,220 9,970 49,803 49,146 5,220 10,610 54,000 53,368 
2002 33,378 29,708 53,955 53,448 13,648 12,457 54,000 53,856 
2003 32,395 31,439 53,225 53,247 22,507 20,913 54,000 53,893 
2004 27,582 28,822 53,489 53,499 27,582 27,171 54,000 53,947 
2005 14,603 17,332 47,567 48,801 14,603 17,205 54,000 53,894 

Average 32,719 32,628 53,522 53,262 31,360 31,269 54,000 53,695 
Notes: 
1Source : HDR (2010). Non-Structural includes groundwater recharge and enhanced conservation only. 
2Integrated Plan includes the Non-Structural scenario, plus Keechelus to Kachess Pipeline, Kachess Inactive Storage, Enlargement of 
Bumping Lake, Enlargement of Cle Elum Reservoir, and Wymer Reservoir. 

 

5.0 Pilot Test Plan 
This section includes a description of the pilot testing necessary to develop infiltration projects in the 
KRD and WIP study areas. Preliminary costs for the pilot test plans are also presented.  

An analogous pilot-scale infiltration project in Oregon is in the Walla Walla Basin where a pilot alluvial 
aquifer recharge project was built in 2004 by the Hudson Bay District Improvement Company (HBDIC). 
The pilot project initially consisted of three infiltration basins covering a total of 0.34 acres. The size of 
the infiltration basins was increased the following year (2004-2005 recharge season) to 1.1 acres. This 
total area increased to 1.4 acres during the 2007-2008 recharge season with the addition of a fourth 
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infiltration basin. The infiltration basins were used to infiltrate a total of 13,100 acre-feet during a total 
of 602 days over six recharge seasons (HBDIC 2010). 

5.1 KRD 
The proposed pilot testing for the KRD study area has two elements. The first focuses on characterizing 
and developing two infiltration ponds in the KRD study area. Because there are indications that 
hydraulic conductivity in the basin-fill deposits may be less than optimal in some areas, a second 
component of pilot testing focuses on the potential for using shallow basalts for infiltration.  

Basin-Fill  
The pilot test for the basin-fill materials would include geologic and hydraulic testing of the gravels, 
field testing of infiltration and mounding at the site, groundwater modeling, and developing a 
management model that tracks groundwater infiltration and extraction. Currently, the most promising 
areas appear to be in the vicinity of Naneum Creek (Figure 17) and in the areas around Badger Pocket 
(Figure 18).  

Geologic and Hydraulic Testing 

Testing of the gravels would be performed on existing wells and by installing up to 10 new wells for 
hydrogeologic characterization and monitoring. Testing of the wells would consist of geologic logging 
during drilling and pump tests to estimate the hydraulic properties of the gravels at that site. This 
information would be used to determine the infiltration rate and mounding that would occur beneath the 
pond during infiltration. Monitoring systems would be installed in new wells and in selected existing 
wells, subject to owner agreements. 

Field Testing of Infiltration and Mounding 

Field testing of the infiltration and mounding would be carried out on two 1-acre infiltration ponds (one 
at Naneum and one at Badger Pocket). Land agreements, permitting and design activities would need to 
be completed prior to beginning construction. Because the Thorp Pump Station project would not be in 
place prior to the pilot test, the source of water for a pilot test would likely not be the direct reservoir 
releases to the KRD North Branch canal, especially during the winter. Therefore, testing could occur at 
the very end of the irrigation season and at the very beginning of irrigation using reservoir releases to 
KRD, and/or during the winter using a well. It is important to try and conduct the testing during cold 
weather because the Walla Walla infiltration project found that low water temperatures can influence the 
infiltration rate (HBDIC 2010).  

Pond infiltration rates and annual infiltration capacity would be calculated based on monitoring of 
inflow/outflow and monitoring of surrounding groundwater levels in monitoring wells. Water quality 
sampling, including temperature, microbiological constituents, and basic anion/cation balances would be 
conducted in each monitoring well and the infiltration pond. 

Modeling 

Modeling is necessary to demonstrate the fate of recharged water and to determine how to balance 
infiltration volumes (annually and year-over-year) with withdrawals and/or credits for accumulated 
groundwater storage. Initially, the data collected during the geologic, hydraulic, and field testing would 
be used to develop a simple flow path model that tracks the movement of the infiltrated water from the 
infiltration area through the groundwater system toward the discharge area at Umtanum. The build-up 
and decay of the mound would be modeled at a site scale and sub-basin-scale capacity in order to 
identify and confirm potential extraction and use scenarios.  
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The second component of the modeling would involve the recently developed regional USGS model. A 
sub-basin scale numerical model (MODFLOW) would be developed that uses the USGS regional 
groundwater flow model for the Yakima Basin as boundary condition. This is called “nesting” of a 
groundwater model. It will be important to perform transient multi-year modeling in order to identify 
how “in-year” and “year-over-year” groundwater conditions vary as a result of infiltration. This will also 
provide an indication of the cumulative steady-state base flow improvements that would occur near the 
Umtanum gage on the Yakima River. The results of the multi-year simulation would also be used to 
update the groundwater-related functions in the RiverWare Model. 

Regulatory Management Approach 

A regulatory management tool would need to be developed once the data have been collected and the 
potential recharge and extraction scenarios have been developed. This management approach would 
need to be approved by Ecology so it is consistent with the ASR rule (Chapter 173-157 WAC) and other 
pertinent groundwater regulations. The simplest approach would be to treat the aquifer like a “bucket” 
that assumes all the recharge water goes into a “bucket” and is then either withdrawn within a specified 
area or returns to the Yakima River above Umtanum. More complex approaches could include specific 
guidelines and rules based on groundwater modeling or other calculations.  

Basalt Interbeds 
The pilot test for the basalt interbeds would focus primarily on geologic flow path characterization of the 
shallowest basalts, with an objective of assessing the potential benefits of using basalts for infiltration. 
The reason for including basalts in the pilot test is that it appears, based on initial data review, that the 
permeability of the basin-fill deposits in the KRD study area may be lower than optimal in some areas. 
If some portions of the basalt are inter-bedded with the alluvial sediments, additional groundwater 
storage capacity could be developed in the basalts.  

Geologic Characteristics and Hydraulics  

Surface reconnaissance of basalt outcrops would be conducted along the perimeter of the Kittitas sub-
basin. Additional compilation of wells completed in basalts would be conducted, and up to 10 basalt 
wells would be identified for testing. No new wells are planned for the characterization. Pump tests 
would be conducted to estimate the hydraulic properties of the basalts and determine near field boundary 
conditions (i.e., the connectivity between the basalts and the basin-fill deposits).  

Flow Path Characterization 

Using the field data and well-testing information, a conceptual characterization of the connectivity 
between the basalts and basin-fill deposits in the KRD study area would be completed. This would 
include estimating the capacity for infiltration; the likely build-up and decay of groundwater levels in 
the basalt; and the discharge locations for water infiltrated into basalt. The conceptual analysis would be 
carried out on a local/site scale in the upper portions of the sub-basin (near the KRD North Branch 
Canal) and at a regional scale in the lower portions of the sub-basin (i.e., Badger Pocket area and the 
potential down-valley effects of basalt infiltration). 

Benefits Assessment 

Based on the conceptual assessment, a determination of potential increases to TWSA using basalts for 
infiltration would be developed. Additionally, an assessment of down-valley improvements to base flow 
in the Yakima River from basalt infiltration (i.e., toward Umtanum) would be prepared.  
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5.2 WIP 
Pilot testing for the WIP study area would include two 1-acre infiltration projects that recharge the 
basin-fill material.  

Basin-fill 
The pilot test for the basin-fill materials would include geologic and hydraulic testing of the gravels, 
field testing of infiltration and mounding at the site, groundwater modeling, and developing a 
management model that tracks groundwater infiltration and extraction. Currently, the most promising 
areas appear to be in the “hourglass” area between the WIP main Canal and Marion Drain (Figures 19 
and 20).  There are former gravel pits that WIP has used for groundwater infiltration in the past that 
might be used for pilot areas as well.   

Geologic and Hydraulic Testing 

Testing of the gravels would be performed by testing existing wells and installing up to 10 new wells for 
hydrogeologic characterization and monitoring. Testing of the wells would consist of geologic logging 
during drilling and pump tests to estimate the hydraulic properties of the gravels at that site. This 
information would be used to estimate the infiltration rate and potential mounding that would be 
expected to occur beneath the pond during infiltration. Monitoring systems would be installed in all new 
wells and in selected existing wells, subject to owner agreements. 

Field Testing of Infiltration and Mounding 

Field testing of the infiltration and mounding would be carried out on two 1-acre infiltration ponds – one 
in the north half of the hourglass shape and one in the south half of the hourglass shape (Figures 19 and 
20). Land agreements, permitting and design activities would need to be completed prior to beginning 
construction. Testing would occur at the beginning of the irrigation season while canals are operational 
and groundwater levels are low.   

Pond infiltration rates and total capacity would be calculated based on monitoring of inflow/outflow and 
monitoring of surrounding groundwater levels in monitoring wells. Water quality sampling, including 
temperature, microbiological constituents, and basic anion/cation balances would be conducted in each 
monitoring well and the infiltration pond.  

Modeling 

Two modeling approaches would be developed. Initially, the data collected during the geologic, 
hydraulic, and field testing would be used to develop a simple flow path model that tracks the movement 
of the infiltrated water from the infiltration area through the groundwater system toward the discharge 
areas (many of which could be downstream drains). The build-up and decay of the mound would be 
modeled at a larger full-scale capacity in order to identify and confirm potential extraction and use 
scenarios.  

The second component of the modeling would involve the recently developed regional USGS model. A 
sub-basin scale numerical model (MODFLOW) would be developed that uses the USGS regional 
groundwater flow model for the Yakima Basin as boundary condition. This is called “nesting” of a 
groundwater model. It will be important to perform transient multi-year modeling to identify how “in-
year” and “year-over-year” groundwater conditions vary as a result of infiltration.  

Regulatory Management Approach 

A regulatory management tool would need to be developed once the data have been collected and the 
potential recharge and extraction scenarios have been developed. This management approach would 
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need to be approved by Ecology so it is consistent with the ASR rule (Chapter 173-157 WAC) and other 
pertinent groundwater regulations. The simplest approach would be to treat the aquifer like a “bucket” 
that assumes that all the recharge water goes into a “bucket” and is then either withdrawn within a 
specified area or returns to the Yakima River. More complex approaches could include specific 
guidelines and rules based on groundwater modeling or other calculations.  

5.3 Cost 
The anticipated cost of the pilot tests and ultimate full-scale implementation of infiltration is 
summarized below.  

Pilot Phase 
The pilot-phase costs include hydrogeologic characterization, construction, testing/operations, reporting, 
and agency and contingency costs (Table 3). A more detailed engineering estimate for pond construction 
is provided in Appendix D. 

Table 3. Pilot Testing Cost Estimate (Per Study Area) 
ITEM QUANTITY UNIT COST COST TOTAL 

Hydrogeologic Characterization 1 $50,000  $50,000  

 

Test Existing Wells 10 $5,000  $50,000  
Install/Test New Wells 10 $10,000  $100,000  
New Wells Drilling (feet) 1000 $50 $50,000  
Monitoring Equipment 20 $1,000  $20,000  
Baseline Water Quality Sampling 20 $2,500  $50,000  
Lab 200 $300  $60,000  

Subtotal – Characterization $380,000 
Permitting/Access 2 $50,000  $100,000  

 
Pond Construction 2 $50,000  $100,000  
Piping and Components 2 $20,000  $40,000  
Design/CQA/Mob 1 35% $49,000  

Subtotal – Construction $289,000 
Testing Phase (2 years) 2 $100,000  $200,000  

 Operations 2 $100,000  $200,000  
Lab 400 $300  $120,000  

Subtotal - Testing/Operations $520,000 
Data Management 1 $100,000  $100,000  

 Modeling 1 $100,000  $100,000  
Reporting 1 $100,000  $100,000  

Subtotal – Reporting $300,000 
Contingency 1 25% $372,250  

 Agency Support 1 25% $465,313  
Sub-total Contingency and Agency $837,563 

Sub-total (per Study Area) $2,326,563 
Grand Total (Two Study Areas) $4,653,125 

 

Full Scale 
The costs for full-scale implementation of surface infiltration were presented previously (Golder 2009) 
and were based on empirical cost comparisons for large-scale infiltration projects in the Southwestern 
U.S. Costs were presented using average unit (per-acre) costs multiplied by the potential total area 
covered by ponds. Construction costs were estimated at $187,000 per acre, including land acquisition. 
Based on the analysis presented above, there are no changes to the expected total area of infiltration 
ponds necessary to infiltrate 100,000 acre-feet of water, but the total number of ponds is likely to be 
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higher than previously assumed. A total of between 160 and 500 acres of dedicated infiltration area is 
still expected to be required.  

From a costing standpoint, we do not think it is necessary or practical to revise the unit costs of 
infiltration presented previously. Using smaller ponds may reduce the unit costs of some ponds, but may 
increase the unit costs of other ponds. Similarly, the unit costs for O&M used previously have not been 
changed. The previous O&M costs were for larger facilities, but, similar to construction costs, the per-
acre O&M costs for smaller ponds may be higher in some cases and lower in others. Once pilot testing 
has been conducted, additional refinements can be made to the costs for full-scale implementation. 

Table 4. Estimated Costs of Implementing Full-Scale Surface Infiltration 

COMPONENT 
RANGE IN COSTS 

LOW EXPECTED HIGH 

$/acre Unit Construction Cost  $ 175,000   $ 175,000   $ 175,000  

$/acre  Land Acquisition  $ 12,000  $ 12,000  $ 12,000 

 Total Acres 166   300  500  
 Construction Costs (@ $187,000/Acre)  $ 31,042,000   $56,100,000   $ 93,500,000  

15% Permitting $ 4,656,300  $ 8,415,000  $ 14,025,000  
30% Engineering Design  $ 9,312,600   $ 16,830,000   $ 28,050,000  
30% Contingency  $ 9,312,600   $ 16,830,000   $ 28,050,000  

 Total Construction  $ 54,323,500  $ 98,175,000  $ 163,625,000  
$ 65 Fixed O&M (Annual Cost)  $ 2,145,000   $ 2,145,000   $ 2,145,000  
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APPENDIX A 
KRD AREA WELL LOGS 

  



 

 

 
  



































































































 

 

APPENDIX B 
WIP AREA WELL LOGS 

  



 

 

 
  



















































































 

 

APPENDIX C 
MOUNDING CALCULATIONS 

 
Figure C-1  Example Mounding Results for a 20-acre pond with 200 feet Saturated Thickness 
Figure C-2  Example Mounding Results for a 5-acre pond with 100 feet Saturated Thickness 
Figure C-3  Example Mounding Results for a 10-acre pond with 100 feet Saturated Thickness 
Figure C-4  Example Mounding Results for a 20-acre pond with 100 feet Saturated Thickness 
  

  



 

 

 



 

 

 



 

 

  



 

 

 



 

 

  



 

 

 



 

 

  



 

 

 



 

 

 
 



 

 

APPENDIX D 
PLANNING LEVEL POND CONSTRUCTION ESTIMATE 
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Cost Summary.xlsx

Option Construction Cost Net Present O&M Total
1 Acre Pond $428,000 $59,900 $488,000
2 Acre Pond $489,000 $97,000 $586,000
5 Acre Pond $666,000 $206,200 $872,200
10 Acre Pond $1,449,000 $380,900 $1,830,000

1
2
5

10

Assumptions used in cost development:
This estimate is a planning level estimate only.  Detailed design was not completed to assist in the development of the co  
Costs were developed based on RS Means Heavy Construction Cost Data, 2007 , judgement, and Golder experience. 
Land acquisition rate assumed. Area of land acquisition assumed 10% beyond area of clearing.
Cost for permitting assumed based on similar projects.  Permitting costs assumed to be the same for all ponds.
Cost per acre for clearing site assumed based on range in values in RS Means. Existing site condition unknown. 
10 mile round trip haul distance for borrow material (trench backfill) and disposal of excess material.
Rectangular pond with length equal to 3 times the pond width.  Ponds assumed to be 4-ft deep total (inc. freeboard).
Pond berms assumed to be 10 feet wide at the crest with 3H:1V side slopes.
Limited the total pond storage above the original ground surface to a maximum of 10 acre feet.
For 1, 2, and 5 acre ponds, balanced total cut and fill volumes.  
For 10 acre pond, berm height above original ground limited by storage requirements.
Soil stripped can be re-used for berm construction.
1000 lf of PVC pipe for water conveyance, assumed pipe backfill hauled in from off-site.
Trench for water pipe is 4 feet wide, 5 feet deep.
Pipe bedding material in lower 1 ft of trench assumed to be select structural fill.

TABLE 1
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Cost Summary.xlsx

Item Quantity Units Unit Rate Cost Total

1 Acre Pond Construction
Brush Clearing 2.0 acre $500 $1,000
Stripping of Soil (assume 6" over entire footprint) 1,400 cy $2 $2,800
Excavation 2,000 cy $7 $13,000
Excavation Haul and Disposal 0 cy $10 $0
Embankment Fill 2,000 cy $3 $6,000
Embankment Fill Compaction 2,000 cy $1 $2,000
Chain Link Fence 1,100 lf $10 $11,000
Monitoring Well Installation 1 ls $15,000 $15,000

SUBTOTAL $50,800

1 Acre Pond Permits and Land Acquisition
Land Acquisition 2.2 acre $12,000 $26,400
Permitting 1 ls $15,000 $15,000

SUBTOTAL $41,400

Pipe and Components
24" PVC Pipe 1,000 lf $100 $100,000
Valves and Appurtenances 1 ls $10,000 $10,000
Trench Excavation (assume 5 ft deep, 4 ft wide trench) 740 cy $6 $4,440
Trench Backfill 430 cy $11 $4,730
Trench Backfill Compaction 430 cy $1 $430
Pipe Bedding Material (assume 1 ft deep, 5 ft wide) 190 cy $20 $3,800
Pipe Bedding Material Compaction 190 cy $4 $760
Energy dissipation structure 1 ls $10,000 $10,000

SUBTOTAL $134,160

Subtotal Construction Cost: $226,360

Mobilization at 10% $22,600
Subtotal $248,960

CQA 15% $37,300
Subtotal $286,260

Final Design Engineering 15% $42,900
Subtotal $329,160

Contingency at 30% $98,700
TOTAL CONSTRUCTION COST: $428,000

O&M Costs
1 Acre Pond Annual O&M

Pond Scraping (6" excavation, haul, dispose annually) 800 cy $21 $16,800
Pest Management 1 ls $5,000 $5,000
Water Quality Monitoring 1 ls $7,000 $7,000
Present Value of O&M 1.81 PV Factor $52,128
Contingency (15% applied to total O&M cost) 15% percent $7,800

O&M Total Cost $59,900

TOTAL NET PRESENT COST $488,000
Notes and Assumptions:
1. Present Value of O&M: I=7%, n=2 years - PV Factor =1.81

TABLE 2
Cost Breakdown - 1 acre infiltration pond
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Cost Summary.xlsx

Item Quantity Units Unit Rate Cost Total

2 Acre Pond Construction
Brush Clearing 3.0 acre $500 $1,500
Stripping of Soil (assume 6" over entire footprint) 2,400 cy $2 $4,800
Excavation 3,200 cy $7 $20,800
Excavation Haul and Disposal 0 cy $10 $0
Embankment Fill 3,200 cy $3 $9,600
Embankment Fill Compaction 3,200 cy $1 $3,200
Chain Link Fence 1,500 lf $10 $15,000
Monitoring Well Installation 1 ls $15,000 $15,000

SUBTOTAL $69,900

2 Acre Pond Permits and Land Acquisition
Land Acquisition 3.3 acre $12,000 $39,600
Permitting 1 ls $15,000 $15,000

SUBTOTAL $54,600

Pipe and Components
24" PVC Pipe 1,000 lf $100 $100,000
Valves and Appurtenances 1 ls $10,000 $10,000
Trench Excavation (assume 5 ft deep, 4 ft wide trench) 740 cy $6 $4,440
Trench Backfill 430 cy $11 $4,730
Trench Backfill Compaction 430 cy $1 $430
Pipe Bedding Material (assume 1 ft deep, 5 ft wide) 190 cy $20 $3,800
Pipe Bedding Material Compaction 190 cy $4 $760
Energy dissipation structure 1 ls $10,000 $10,000

SUBTOTAL $134,160

Subtotal Construction Cost: $258,660

Mobilization at 10% $25,900
Subtotal $284,560

CQA 15% $42,700
Subtotal $327,260

Final Design Engineering 15% $49,100
Subtotal $376,360

Contingency at 30% $112,900
TOTAL CONSTRUCTION COST: $489,000

O&M Costs
2 Acre Pond Annual O&M

Pond Scraping (6" excavation, haul, dispose annually) 1,600 cy $21 $33,600
Pest Management 1 ls $6,000 $6,000
Water Quality Monitoring 1 ls $7,000 $7,000
Present Value of O&M 1.81 PV Factor $84,346
Contingency (15% applied to total O&M cost) 15% percent $12,700

O&M Total Cost $97,000

TOTAL NET PRESENT COST $586,000
Notes and Assumptions:
1. Present Value of O&M: I=7%, n=2 years - PV Factor =1.81

TABLE 3
Cost Breakdown - 2 acre infiltration pond
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Cost Summary.xlsx

Item Quantity Units Unit Rate Cost Total

5 Acre Pond Construction
Brush Clearing 7.0 acre $500 $3,500
Stripping of Soil (assume 6" over entire footprint) 5,300 cy $2 $10,600
Excavation 5,600 cy $7 $36,400
Excavation Haul and Disposal 0 cy $10 $0
Embankment Fill 5,500 cy $3 $16,500
Embankment Fill Compaction 5,500 cy $1 $5,500
Chain Link Fence 2,300 lf $10 $23,000
Monitoring Well Installation 1 ls $15,000 $15,000

SUBTOTAL $110,500

5 Acre Pond Permits and Land Acquisition
Land Acquisition 7.7 acre $12,000 $92,400
Permitting 1 ls $15,000 $15,000

SUBTOTAL $107,400

Pipe and Components
24" PVC Pipe 1,000 lf $100 $100,000
Valves and Appurtenances 1 ls $10,000 $10,000
Trench Excavation (assume 5 ft deep, 4 ft wide trench) 740 cy $6 $4,440
Trench Backfill 430 cy $11 $4,730
Trench Backfill Compaction 430 cy $1 $430
Pipe Bedding Material (assume 1 ft deep, 5 ft wide) 190 cy $20 $3,800
Pipe Bedding Material Compaction 190 cy $4 $760
Energy dissipation structure 1 ls $10,000 $10,000

SUBTOTAL $134,160

Subtotal Construction Cost: $352,060

Mobilization at 10% $35,200
Subtotal $387,260

CQA 15% $58,100
Subtotal $445,360

Final Design Engineering 15% $66,800
Subtotal $512,160

Contingency at 30% $153,600
TOTAL CONSTRUCTION COST: $666,000

O&M Costs
5 Acre Pond Annual O&M

Pond Scraping (6" excavation, haul, dispose annually) 4,050 cy $21 $85,050
Pest Management 1 ls $7,000 $7,000
Water Quality Monitoring 1 ls $7,000 $7,000
Present Value of O&M 1.81 PV Factor $179,281
Contingency (15% applied to total O&M cost) 15% percent $26,900

O&M Total Cost $206,200

TOTAL NET PRESENT COST $872,200
Notes and Assumptions:
1. Present Value of O&M: I=7%, n=2 years - PV Factor =1.81

TABLE 4
Cost Breakdown - 5 acre infiltration pond
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Item Quantity Units Unit Rate Cost Total

10 Acre Pond Construction
Brush Clearing 12.0 acre $500 $6,000
Stripping of Soil (assume 6" over entire footprint) 9,700 cy $2 $19,400
Excavation 25,200 cy $7 $163,800
Excavation Haul and Disposal 20,300 cy $10 $203,000
Embankment Fill 4,900 cy $3 $14,700
Embankment Fill Compaction 4,900 cy $1 $4,900
Chain Link Fence 3,200 lf $10 $32,000
Monitoring Well Installation 1 ls $15,000 $15,000

SUBTOTAL $458,800

10 Acre Pond Permits and Land Acquisition
Land Acquisition 13.2 acre $12,000 $158,400
Permitting 1 ls $15,000 $15,000

SUBTOTAL $173,400

Pipe and Components
24" PVC Pipe 1,000 lf $100 $100,000
Valves and Appurtenances 1 ls $10,000 $10,000
Trench Excavation (assume 5 ft deep, 4 ft wide trench) 740 cy $6 $4,440
Trench Backfill 430 cy $11 $4,730
Trench Backfill Compaction 430 cy $1 $430
Pipe Bedding Material (assume 1 ft deep, 5 ft wide) 190 cy $20 $3,800
Pipe Bedding Material Compaction 190 cy $4 $760
Energy dissipation structure 1 ls $10,000 $10,000

SUBTOTAL $134,160

Subtotal Construction Cost: $766,360

Mobilization at 10% $76,600
Subtotal $842,960

CQA 15% $126,400
Subtotal $969,360

Final Design Engineering 15% $145,400
Subtotal $1,114,760

Contingency at 30% $334,400
TOTAL CONSTRUCTION COST: $1,449,000

O&M Costs
10 Acre Pond Annual O&M

Pond Scraping (6" excavation, haul, dispose annually) 8,000 cy $21 $168,000
Pest Management 1 ls $8,000 $8,000
Water Quality Monitoring 1 ls $7,000 $7,000
Present Value of O&M 1.81 PV Factor $331,230
Contingency (15% applied to total O&M cost) 15% percent $49,700

O&M Total Cost $380,900

TOTAL NET PRESENT COST $1,830,000
Notes and Assumptions:
1. Present Value of O&M: I=7%, n=2 years - PV Factor =1.81

TABLE 5
Cost Breakdown - 10 acre infiltration pond
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