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Phase II Evaluation of Managed Recharge on the ESRP 
Development of Recharge Facilities 

INTRODUCTION 
The report entitled Feasibility o(Large-Scale Managed Recharge ofthe Eastern Snake 
River Plain Aquifer System (1999) (feasibility report) was the first stage of an expected 
multi-stage managed recharge evaluation and design process, as such the feasibility 
report did not adequately explore the many detailed complexities of managed recharge. 
Further evaluation is showing that estimates ofrecharge potential documented in the 
feasibility report are in all probability high for many identified sites particularly those on 
the western end of the ESRP. A successful recharge program will depend upon a reliable 
source of water and development of sites that have a known and reliable recharge 
capacity. This evaluation will outline an appropriate strategy for developing recharge 
sites with the adequate recharge capacity to provide surety for the long-term success of a 
recharge program. 

RECHARGE CAP A CITY 

Estimated Recharge Capacity of Proposed Recharge Sites 
The feasibility report provided a number of estimates about the capacity of recharge sites 
across the ESRP. The report provides no mention of how site capacities were 
determined, but it is suspected that most of the reported recharge rates are high. In most 
cases, the authors of the feasibility report relied on an average infiltration rate of 6 
inches/hour. In some cases, recharge capacity appears to be based on the belief that 
cracks and crevices in basalt would provide the needed capacity for recharge operations. 
We believe that estimated recharge capacity should not be based infiltration rates or a 
reliance on cracks and crevices in the basalt but instead should initially be evaluated 
using soil permeability (saturated hydraulic conductivity). Recharge rates based upon soil 
permeability may also be high given the physical and biological impacts to soils during 
recharge activities. Our experience with the Sugar Loaf site provides a useful example. 
According to the feasibility study, the Sugar Loaf site had an estimated recharge capacity 
of 40 cubic feet per second (cfs). However experience has shown that the actual capacity 
is only 5 - IO cfs. One large sinkhole at the site did not take the desired amount of water 
even after extensive excavation. If recharge capacity is estimated using permeability 
data from the soil survey (Ames 1998)), the capacity for the Sugar Loaf site is calculated 
at just 11 cfs (Table I). 

Table 3 Soil mao units for the Suaar Loaf recharae site and calculated recharae caoacitv. 
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Soils at many identified recharge sites contain high amounts of clay, which is expected to 
limit, recharge capacity. For example, the feasibility report estimated the recharge 
capacity of the Milepost 31 recharge site at 1500 cfs. In the summer of 2003, a small
scale soils investigation was conducted by the Department with assistance from the 
Natural Resources Conservation Service (Leah Juarros, personal communication). The 
soils investigation and data from the soil survey indicated a high percentage of clay 
within the soil profile. Textural analysis from soil samples taken at the site indicates 
approximately 30% clay (textured as a clay loam) at a depth of 24 inches. Based on that 
information and permeability rates ( using a minimum average) from the soil survey 
(Ames 1998), the calculated capacity of the site is 210 cfs (Table 2). If recharge rates are 

Table 2: Soil mao units for the Mileoost 31 recharne site and calculated recharae canacitv. 
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based on the minimum permeability rate, the recharge capacity for Milepost 31 drops to 
150 cfs. At the K Canal site, the feasibility report estimated the capacity at 500 cfs, but 
calculations based on permeability data from the soil survey (Ames 1998) show the 
recharge rate at just over 40 cfs (Table 3). 
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Impacts to Recharge Capacity 
Soils in recharge basins should be permeable to facilitate recharge activities. Desirable 
soils for recharge sites should be sand-gravel mixes, sand, or loamy sands (ACSE 2001). 
Soils in most of the recharge sites identified in the feasibility report contain silt loam, 
silty clay loam or clay loam (Unified Classification CL or ML) (Ames 1998). These soils 
have low saturated hydro logic conductivity rates and are not favorable for recharge 
activities. 

Soil clogging is considered one of the primary problems during the operation of surface 
recharge systems (ASCE 2001). After recharge operations begin, changes within the top 
few inches of soils will be the primary factor affecting infiltration capacity of the 
recharge site (State of California 1978, Bouwer I 998) The new calculated recharge 
estimates for Milepost 31 and K Canal may still be optimistic, and actual recharge rates 
would probably be much less. Permeability reported in USDA soil surveys is based 
partially on soil texture and soil structure, which determine porosity and pore 
connectivity within the soil profile. When soils are continuously flooded, structure of the 
soil may be compressed resulting in a decrease of porosity and soil permeability. Soil 
erosion can also occur within the soil profile where by small clay particles move 
downward through the soil column filling pores and reducing porosity and permeability 
(State of California! 978). 

Porosity can also be reduced as flooded soils reach low redox potential and the break 
down of organic material slows. The build up of organic matter clogs soils pores 
resulting in a decrease of infiltration. The growth of anaerobic bacteria and their 
secretion ofbiofilms in these reduced conditions can also reduce infiltration by filling 
pore space on the soil surface (Mattison 2002, Seki 1998). The loss of soil porosity and 
resulting decrease in permeability would further reduce recharge capacity. Algal growth 
can be another important factor in clogging of recharge basins. The long hydraulic 
residence time in basins like Milepost 31 are conducive to the growth of algae and algal 
mats that can reduce recharge capacity. 

The depth of water (25 to 30 feet) at the Milepost 31 site also has the potential to reduce 
recharge rates. While the additional head may help move water through the soil profile, 
it can also compress restrictive layers, reducing porosity and infiltration rates (Bouwer 
and Rice 1989). Most constructed recharge sites are Jess than one meter depth. Given its 
topography and low permeability soils, the site at Milepost 31 may be better suited for the 
storage of water than for recharge. 

Subsurface geology can also have a dramatic impact to recharge capabilities. 
Geophysical logs of monitoring wells at the Milepost 31 site indicate massive basalt with 
"minimal open/or interconnected joints, fractures, and/or vesicularity" (Squires 2000). 
The upper most 100 feet appears to be the most massive basalts. At the K Canal and 
Sugar Loaf sites the upper 100 feet of the volcanic section "appear to be moderately 
fractured and jointed" (Squires 2001 ). Recharge at K Canal and Sugar Loaf are more 
probably than at Milepost 31 but further study is probably required to fully evaluate the 
impacts of subsurface geology on recharge capacity. 
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Maintenance Requirements 
Maintenance of recharge basins will be required after recharge operations begin (ASCE 
2001, State of California, 1978). Scarifying or deep ripping of the soil surface will be 
necessary to maintain permeability. In some instances, it may be necessary to remove 
algal mats and biofilms that form on the surface of the recharge basins. After several 
years of operation, it may also be necessary to remove a layer of soil from the infiltration 
basin to remove organic matter and fine material that can decrease recharge capacity. 
While the feasibility report does mention maintenance of recharge basins, the use of 
natural basins complicates the required maintenance because access may be limited or 
prevented by local topography. 

In addition to problems associated with recharge capacity, most of the perennial 
vegetations will be eliminated by flooding and replaced with armual weed species. The 
control of weeds is of the utmost importance. Invasive weeds are currently one of the 
largest ecological threats to rangelands in the western US. The State of Idaho Noxious 
Weed Law (IC Title 22, Chapter 24) requires the control of Noxious Weeds on private, 
state and federal property. 

PROPOSED ACTION 

Constructed Facilities 
Given the uncertainty for recharge capacity in natural basins, a prudent course of action is 
to design and construct engineered recharge facilities. The design and site selection of 
these facilities should also consider required maintenance. A review of recharge projects 
across the United States reveals that while some recharge is done through natural 
streambeds, most recharge is accomplished through constructed infiltration ponds (Figure 
1) or injection wells. Recharge facilities are constructed to meet capacity requirements 
and provide filtration of potential water quality contaminants. These facilities are also 
constructed to allow for required maintenance to sustain infiltration rates and to control 
unwanted vegetation. Realistic rates for infiltration in a constructed facility range from 
two to four feet/day. A facility with a required capacity of 100 cfs and an infiltration rate 
of three feet/day would need to be 66 acres in size. 

Based on the problems associated with "natural basins" discussed previously, and 
experience with the Sugar Loaf site, we should not rely on natural basins as our 
mechanism of recharge. Instead, we should design and construct recharge facilities with 
known recharge capacities. Each site should be designed and constructed to specific 
standards and recharge requirements. This will require analysis and design at each 
recharge facility and will undoubtedly increase the capitol cost associated with recharge. 
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However, the long-term benefits will far outweigh the short-term design and construction 
expenses. A well-designed and constructed facility would provide surety for recharge 
rates and allow for more orderly maintenance of the sites. This approach also would 
provide for additional flexibility in the placement of recharge sites particularly along the 
Milner-Gooding and North Side canals. 

Figure 1: Recharge operations at a constructed facility in Arizona. 

Construction of recharge facilities on the ESRP would require removal of over burden to 
expose bedrock at each site. These constructed facilities would then be back filled with 
appropriate size material to filter water and provide for a designed infiltration rate. This 
approach may also require the fracturing of bedrock formations to remove barriers for 
water entering into subsurface strata, or installation of injection wells. Injection wells, 
while expensive, may prove to be the best alternative for insuring recharge, particularly if 
subsurface geology is massive basalts that may mound water under the recharge facility. 
The layering of backfill into the site would not impede water infiltration but would 
provide for filtration of water at the surface. The design and construction of these 
facilities has the potential to decrease the required area for recharge basins (increase 
recharge/unit area) reducing potential environmental impacts and other related concerns. 

The protection of ground water quality is a major concern when recharge is allowed to 
occur through cracks, crevices and sink holes with little or no surface filtration of 
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potential contaminants. These designed and constructed facilities would reduce or 
eliminate many potential contaminants from the water column before reaching ground 
water. This should also reduce monitoring cost by providing a known medium for 
filtration of potential contaminants. 

Costs of Recharge Facility Development 
The feasibility report cited the costs for the development of some recharge sites on the 
ESRP. Those included costs for diversion and turn out structures but did not include 
costs for the actual development of the recharge site. The recommendations made in this 
report are likely to substantially increase the cost for recharge site development. 
However, given the cost for transporting water and site management, the cost for site 
development are not prohibitive if amortized over 30 years. Based on data from Arizona, 
a constructed recharge facility with a capacity of 100 cfs would likely cost 4 - 5 million 
dollars. Table 4 shows the cost/acre-foot amortized over a 30-year period of time. 

Table 4: Estimated cost and 30 year amortized cost for the construction and operation of a recharge facility with a 100 cfs 
canacitv SU""Ortina an annual recharae of annroximatel 30,000 acre-feet. 

,, ··:-·;·,> ;· ;·, •._ .. :. ·-· -;_,, . ·- .__,,_ ,' . -· ;· .·. -,_ .• -· .', . •,; > --· ·-·-_; ·- . < . 
C_P_11st.ructi_on·: _ ·_,.- D_eliver:Cost of sq,_ooo:_ EsUamted · TotarExp~.n~i_tu_res_ _ Total .VVa1e,r Recharge 
:,, .. ··."·Cost·.-, .. ._. _____ . acre/vear ® $3/acre-foot Annual O&M after ·30 "ears* After 30 Years 'Acre-feet\ 

30 Year AmOrtized· 
· COstiacre~'tObt 

$4,000,000 $90,000 $20,000 $7, 179, 185 900,000 $7.98 
*30 year costs include a 1°/ofyear increase for the dehver cost and 3o/o/year increase for est1mtated O&M. 

Conclusions 
The implementation of a recharge program for the purposes of mitigation will require a 
system with a high degree of functional reliability. The use of natural basins, as outlined 
in the feasibility report, may not provide the degree of reliability required. Additionally, 
natural basins may not allow for the required maintenance to sustain that reliability and 
provide aquifer protection. Our limited experience to date has shown that relying on 
natural basins has been less than successful and we should at a minimum consider large
scale testing before moving forward on any project. The design and construction of 
managed recharge facilities, while initially expensive, will provide long-term benefits not 
found with the use of natural basins. 

Document Reviewers 
Rick Raymondi, Bureau Chief, Idaho Department of Water Resources 
Lin Campbell, Technical Hydrogeologist, Idaho Department of Water Resources 
R. D. Schmidt, Ground Water Hydrologist, United States Bureau of Reclamation 
Leah Juarros, Resource Soil Scientist, Natural Resources Conservation Service 
Terrell Stevenson, Geologist, Natural Resources Conservation Service 

6 



Literature Cited 

American Society of Civil Engineers, Environmental and Water Resources Institute. 
2001. Standard Guidelines for Artificial Recharge of Ground Water. Published by the 
American Society of Civil Engineers, Reston Virginia, 2001. ISBN 0-7844-0548-4. 

Ames, D. 1998. Soil Survey of Jerome County and Part of Twin Falls County, Idaho, 
United States Department of Agriculture, Natural Resources Conservation Service, 
Issued 1998. 

Bouwer, H. and R. C. Rice. 1989. Effects of Water Depth in Groundwater Recharge 
Basins on Infiltration. Journal of Irrigation and Drainage Engineering, Vol. 115, No. 4, 
July/August 1989, pp. 556-567. 

Bouwer, H. 1998. Predicting Infiltration and Mounding, and Managing Problem Soils. 
Proc. Third Internat. Symp. On Artificial Recharge of Groundwater, TISAR, Amsterdam, 
Netherlands, 21-25 Sept. 1998, p. 149-154. 

California, State of. 1978. Health Aspects of Water Recharge, A State of the Art Review. 
Water Information Center, Inc publisher. Huntington N.Y. ISBN 0-912394-18-8. 

Idaho Department of Water Resources, 1999, Feasibility of Large-Scale Managed 
Recharge of the Eastern Snake River Plain. 

Mattison R. G., H. Taki, and S. Harayama, 2002. The Baterivorous Soil Flagellate 
Herteromita globosa Reduces Bacterial Clogging under Denitrifying Conditions in Sand
Filled Aquifer Columns. Applied Environmental Microbiology. 2002. September: 68(9): 
4539-4545. 

Seki, K., T. Miyazaki, and M. Nakano. 1998. Effects of Microorganisms on Hydraulic 
Conductivity Decrease in Infiltration. European Journal of Soil Science 49, pp 231-236. 

Squires E. 2001. Eastern Snake Plain Managed Recharge Project - Northside Main 
Canal Sites - Sugar Loaf and K-Canal. Report to J-U-B Engineers on geophysical logs 
of the Sugar Loaf and K Canal recharge monitoring wells. 

Squires E. 2000. Eastern Snake Plain Managed Recharge Project - Milepost 31. Report 
to .T-U-B Engineers on geophysical logs of the Milepost 31 recharge monitoring wells. 

7 


