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1. INTRODUCTION 
This document summarizes two feasibility studies and water quality testing completed for Brannin Creek. 
Appendix A contains the feasibility study related to a 10-day pilot test on the creek. This pilot test was 
conducted to determine percolation rates in the creek. Appendix B contains engineering plans and 
feasibility study related to drilling dry wells within the creek to facilitate groundwater recharge. These 
studies are summarized in Sections 2 and 3.  

1.1. Location 

Brannin Creek runs west to east, flowing into Burch Creek and ultimately into the Sacramento river. The 
portion of Brannin Creek examined for this feasibility study is located in the southern portion of the 
Corning Water District, within the Corning Subbasin. This area of Brannin Creek is adjacent to the Rolling 
Hills Casino and runs parallel to Interstate-5. The corning canal also terminates at Brannin Creek, although 
no water from the canal is currently conveyed into the creek. 

1.2. Community Partnerships 

Due to the study area’s location adjacent to the Rolling Hills Casino, the Paskenta Tribe of Nomlaki Indians 
was approached as potential partners for this recharge project. Discussions with the Tribe are ongoing 
regarding collaboration on this project. During the feasibility assessment of this project, the Tribe was 
consulted regarding their plans for a multi-benefit water feature within Brannin Creek and the possibility 
of linking a recharge project to their plans.  

2. PILOT PROJECT 

2.1. Methodology 

In order to assess the capacity of Brannin Creek for recharge, a 10-day (October 29, 2024, to November 
8, 2024) field test was conducted, utilizing water from the Corning Canal. A temporary pipeline was used 
to convey water from the Corning Canal in Brannin Creek. Water was allowed to flow through a pipeline 
into the creek and an initial survey of the wetted perimeter was conducted. Following the initial survey, 
periodic surveys of the wetted perimeter were conducted during the 10-day test. Flow and volume of 
water was also measured during these periodic surveys. Appendix A details the methodology of the field 
test. 

Soil samples were also taken at three different locations to examine the level of soil saturation and to 
search for the presence of any confining layers. A confining layer was observed at 1.5 ft below ground 
surface. Standing water was also observed at all three test holes at this depth. 

2.2. Results 

The amount of water recharged was calculated using a water balance equation: 

𝑅𝑅𝑅𝑅𝑅𝑅ℎ𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎 𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊 = 𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼 − 𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂 − 𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 
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Where: 

Inflows = rainfall and water from the Corning Canal 
Outflows = Evaporation 
Storage = Pond storage + Soil storage 

  

Appendix A discusses in detail, the calculations of the components of this equation. The values are 
summarized below: 

Rainfall = 0.15 AF 
Corning Canal = 9.76 AF 
Evaporation = 0.25 AF 
Pond Storage = 2.01 AF 
Soil Storage = 3.13 AF 
 
Thus, the total amount of water recharged to the subsurface was 4.53 AF. This volume translates to a 
percolation rate of 4.1 inches per day.  

2.3. Conclusions 

The percolation rate observed at this test site was 4.1 inches per day. This percolation rate suggests that 
this site is not an ideal site for recharge without any surface modifications. Without the aid of dry wells, 
this site would not be viable for a long-term recharge project. However, due to the Rolling Hills Casino 
Project, which will bring water into this canal, the possibility of a recharge project still exists with inclusion 
of dry wells. The feasibility of this project with wells is discussed in the next section (Section 4.) 

3. ENGINEERING 

3.1. Dry Wells 

An exploratory well was drilled near the site in 2022. The well log from this site was used to confirm the 
existence of a clay layer at 40-50 ft below ground surface, impeding recharge through the creek into the 
aquifer system. The well log also showed a gravel layer located 90-105 ft below ground surface. This gravel 
layer would be the target layer for recharge.  Appendix B contains this well log.  

A total of four dry wells with a diameter of 30 inches is proposed for this site. These wells would be located 
within the creek. Appendix B details well designs along with other infrastructure required to convey water 
from the Corning Canal to the wells. The design also includes a weir structure at the eastern end of the 
project site, required to maintain water levels and hydraulic head for the dry wells. 

3.2. Recharge Amounts 

An estimated 3,000-5,000 AF of water is available for purchase from the Corning Water District. Corning 
Water District conveys water during the months of April through November. Thus, an eight-month period 
would be available for recharge.  
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Appendix B calculated the potential for recharge through all four dry wells as 467 AF per month. If this 
amount of water can be purchased, it would result in a total recharge amount of 3,736 AF per year. 

3.3. Cost Estimate 

Preliminary estimates for dry well construction were obtained in 2025. These estimates place the cost of 
construction of the dry wells at $70,000 per well or $280,000 for all four wells. 

4. WATER QUALITY EVALUATION 

4.1. Methodology 

During discussions with the Paskenta Tribe of Nomlaki Indians, an additional source of water for the 
recharge project was discussed. A lake located on tribal lands could be used for additional water for the 
project. However, a water quality comparison between the water in the lake and the canal was requested 
by the Tribe to determine whether the water quality was comparable.  

In order to fulfill this request, a water sampling campaign was conducted in conjunction with the 10-day 
pilot test. Samples from the canal were taken on day one of the 10-day pilot test. Samples were taken at 
the 10 minutes, one-hour, and two-hour mark. Subsequently, three samples were taken from the lake on 
the same day. The chain of custody and field papers along with the results from the lab are included in 
Appendix C. 

4.2. Results 

Cation and anion data converted to milliequivalents per liter (meq/L) show that both canal and lake 
samples fall within similar sodium-bicarbonate facies, as visualized on the Piper diagram. The canal 
samples (orange circle, blue star, purple X) exhibit calcium concentrations of 0.60–0.65 meq/L, 
magnesium concentrations of 0.41–0.49 meq/L, and sodium concentrations of ~0.26 meq/L. The lake 
samples (green triangle, open circle, red cross) display slightly higher calcium (0.89 meq/L) and 
magnesium (1.32–1.40 meq/L), with sodium levels ranging from 1.17–1.22 meq/L. 

Bicarbonate is the dominant anion in both sources, with concentrations of ~1.15 meq/L in the canal and 
~3.28 meq/L in the lake samples. Chloride and sulfate remain low throughout, with SO₄²⁻ at ~0.06–0.07 
meq/L and Cl⁻ at ~0.06–0.14 meq/L. Levels of Total Dissolved Solids (TDS) are slightly higher in lake 
samples (200–210 mg/L) compared to the canal (90–100 mg/L), but all remain within the range of fresh 
water. 

The Sodium Adsorption Ratio (SAR) is low across all samples. SAR values are 0.4 in all canal samples and 
1.1–1.2 in lake samples. These values are well below thresholds of concern, indicating minimal risk of 
sodium-related infiltration problems. 

Additional constituents support these findings. Nitrate levels were reported as non-detect (ND) in all but 
one sample (0.4 mg/L in the Canal 1 Hour Sample), well below drinking water limits and unlikely to pose 
environmental concern. Field pH values ranged from 6.5–7.5, suggesting slightly acidic to neutral water 
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chemistry typical of unpolluted surface waters. Specific conductance in lake samples (~320 μS/cm) was 
higher than in canal samples (~130 μS/cm), consistent with the slightly higher TDS observed. 

Metals analysis indicated trace detections of iron, copper, and antimony in both sources, with no 
exceedances of regulatory benchmarks and no detection of hazardous elements such as lead, mercury, or 
cadmium. Additionally, zinc was found only in trace concentrations or not detected in most of the 
samples. 

The Piper diagram (Figures 1) confirms these interpretations, as all samples cluster within the same 
general region, showing no significant chemical divergence between the canal and lake sources. 

 

Figure 1-1: Canal vs Lake Sample Piper Diagram 
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4.3. Conclusions 

Results from surface water chemistry analysis of canal and lake samples indicate that the two sources 
exhibit highly similar geochemical signatures and SAR values, suggesting that canal water is chemically 
suitable for use in managed aquifer recharge alongside lake water. 

5. WATER  

5.1. Sources 

Water would be purchased from the Corning Water District when available. Excess water available during 
time of flood events within Brannin Creek could also be utilized. Another potential water source could be 
discharges from the Corning Canal ahead of storm events. 

5.2. Cost Estimate 

Water costs are an estimate based on water pricing observed during 2025. Purchased water from Corning 
Water District was priced at $80 per AF. If water is purchased at this price, the resulting water cost for a 
single year of recharge would be $298,880. However, maximizing water purchases when Section 215 
water is available (priced at $20 per AF) could help reduce overall water costs. Flood water or water that 
is discharged from the Corning Canal in preparation of a flood event would have no associated cost. 
Funding sources for the purchase of this water have not yet been established. However, different options 
are currently being explored including community partnerships and GSA funding.  

6. RECOMMENDATIONS 
1. The measured percolation rate of 4.1 inches per day combined with the information obtained 

from the exploratory well log confirms the presence of a confining layer preventing large scale 
aquifer recharge. Thus, dry wells are recommended to optimize recharge efforts. 

2. The project has a multi-benefit use component. In addition to recharge through dry wells, the 
project ties into a larger project being proposed by the Paskenta Tribe of Nomlaki Indians. The 
larger project involves creating a multi-use recreational and habitat water feature within 
Brannin Creek. Thus, collaboration with the larger project would yield a multi-benefit recharge 
project.  

3. Due to the opportunity for collaboration, the potential for a multi-benefit site, and substantial 
amounts of annual recharge, this project is recommended for implementation under the multi-
benefit recharge task under the grant. 

4. Continued communication with the Tribe and Corning Water District is recommended to 
implement this project. 
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2.2 10-Day Field Test 

At the onset of the 10-day field test, flow was allowed through the temporary pipeline, as shown in 
Figure 6, and an initial survey of the wetted area was conducted on day one. After that, periodic surveys 
of the wetted area were conducted, along with observations noted on ponding depths, streambed 
saturation, evidence of percolation, and any potential surface outflows. Wetted perimeter surveys were 
conducted using a RTK network and rover to collect points along the pooled water edges, and later post-
processed in a GIS application. After completing the final survey on day ten, the water inflow from CWD 
Lateral C was shut off. Data collection also included readings of the flow and volume measured by the 
Seametrics flowmeter on the days of periodic surveys. Following completion of the 10-day field test, the 
survey data were then processed and compiled into daily results (including maps of wetted extent, see 
Appendix A – Surveys) for use in the water budget analysis. 

Figure 6. Surface water flow redirected from CWD Lateral C into the Brannin Creek streambed for 
Instream Recharge Feasibility Study. 



Brannin Creek Instream Recharge Feasibility June 06, 2025 6 

2.3 Soils Analysis 

During the daily surveys described previously, three test holes were excavated in different locations 
along the streambed to measure the depth of streambed saturation and investigate the presence of any 
potential confining layers within the subsurface. One of these holes is depicted in Figure 7. During the 
excavations, general observations regarding soil composition were made, along with measuring the 
depth of streambed saturation or depth to a confining layer. Additionally, a hand auger was also used to 
collect a soil sample to evaluate soil composition. A desktop soils analysis was also conducted utilizing 
Natural Resources Conservation Service’s (NCRS) Soil Survey Geographic Database (SSURGO) data for 
the Brannin Creek streambed and surrounding area for comparison to in-field observations. 

Figure 7. One of three holes excavated to investigate the existence and depth of a potential confining 
layer beneath the Brannin Creek streambed. Standing water at a depth of 1.5 FT below the surface 
was observed at this and the other two test holes. 

2.4 Water Budget Analysis 

All data collected in the field were processed for water budget analysis calculations. Periodic readings 
from the Seametrics flowmeter were reviewed and utilized to calculate daily surface water inflow 
volumes. Survey data for wetted areas were imported into a GIS application to determine the surface 
area of ponded water. Additional data collection and review related to streambed width, streambed 
saturation depth, and the soils analysis were completed to estimate soil properties and the subsurface 
wetted area and extent to calculate a subsurface storage volume; this process included an assessment 
of the presence of a confining layer. 

Precipitation and evaporative demand data were obtained from the nearest California Irrigation 
Management Information System (CIMIS) station, which was Station #222 in South Gerber (roughly 12 
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miles to the north of the Study site)1, for use in water budget analysis. The values obtained from CIMIS 
in inches per day (in/day) were multiplied by the relevant area to calculate a total volume. 

A water budget was then calculated for the 10-day testing period on a daily timestep, as shown below in 
Equation 1. Based on the principle of the conservation of mass, all inflows and outflows must be equal 
to one another, while accounting for change in storage within the area of interest (both ponded and 
subsurface storage).  As observed in the field during the 10-day field test, no surface outflows occurred 
apart from evaporation. Each inflow and outflow was quantified as described previously, with 
percolation being calculated as the closure term of the water budget. The closure term inherently 
includes any uncertainty and error in measurement or estimation of the other flow paths, and it should 
also be noted that for purposes of this water budget analysis, the percolation is assumed to represent 
vertical flow downwards towards the aquifer, but it may also include lateral movement of water within 
the subsurface (either continuing to flow downstream through the Brannin Creek streambed, or flowing 
to the north and south away from Brannin Creek). 

𝑷𝒆𝒓𝒄𝒐𝒍𝒂𝒕𝒊𝒐𝒏 = (𝑰𝒏𝒇𝒍𝒐𝒘𝒔) − 𝑶𝒖𝒕𝒇𝒍𝒐𝒘𝒔 − ∆  𝑺𝒕𝒐𝒓𝒂𝒈𝒆 (eqn. 1) 

Inflows = Applied water + Precipitation 
Outflows = Evaporation 
Δ Storage = Change in pond storage + Change in soil water storage 

3 Results and Discussion 

The SSURGO soils analysis revealed the presence of a confining layer at an average depth of 17.0 IN (or 
1.4 FT). During the excavation of the three test holes, beneath a gravel and sandy layer, a hard layer was 
encountered that could not be easily penetrated with a shovel. The depth to this confining layer from 
the surface of the sandy soil was recorded, with an average depth of 1.5 FT (a 0.1 FT difference from 
depth identified in the SSURGO data). A soil sample was also collected using a hand auger, with soils 
taken from above and from within the confining layer; the soils can be seen in Figure 8. The SSURGO 
soils analysis also provided additional soils information for the Brannin Creek area of interest such as 
available water holding capacity (AWHC), clay, sand, silt, and rock fragment percentages. Table 1 depicts 
these results, in addition to the depth to confining layer. The SSURGO results aligned well with 
observations in the field, especially regarding the existence of and depth to a confining layer. 

Table 1. NCRS SSURGO Soils Analysis Results. 

Parameter Value 

AWHC (in) 6.5 

Clay (%) 18.0 

Rock Fragments (%) 10.7 

Sand (%) 41.6 

Silt (%) 40.4 

Depth to confining layer (in) 17.0 

1 More information above CIMIS (including data access) is available at: https://cimis.water.ca.gov/ 

https://cimis.water.ca.gov/
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Figure 8. Soil samples retrieved from Brannin Creek Streambed, showing the soil above the confining 
layer comprised of sands and gravels (left), and soil within the confining layer (right) comprised of 
smaller particles that bind together into a hardened material. 

To calculate the volume of percolation past the streambed2 and potentially back into the groundwater 
aquifer, a water budget was conducted using the known inflows, outflows, and change in storage (see 
Equation 1 previously, and Table 2 below). Inflows consisted of surface water through CWD Lateral C 
(and measured by the Seametrics flowmeter), as well as minor precipitation. Outflows consisted of 
surface evaporation and percolation. Change in storage included ponded water above the streambed in 
Brannin Creek and subsurface storage in the soils within the Brannin Creek streambed. Over the course 
of the 10-day field test, the surface water applied from CWD Lateral C created a pond that continually 
expanded to further downstream reaches on Brannin Creek. The pond surface area and extent was 
monitored over the 10-day period and is shown in Table 3, Figure 9, and Appendix A – Surveys. 

2 As noted above, this analysis was unable to determine whether this subsurface movement of water was vertical 
towards the groundwater aquifer or lateral away from or down Brannin Creek. 
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Appendix A – Surveys 

The following maps depict results of the RTK surveys conducted periodically throughout the 10-day field test and show the wetted perimeter of 
the ponded water in the streambed above the surface. It can be seen over the course of the surveys the ponded water expanded downstream 
substantially.  
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Appendix B – List of Materials for Temporary Pipeline Construction 

Item Amount 

6” Seametrics AG3000 Bolt-on magnetic flowmeter 1 

6” Diameter SCH 40 PVC Pipe 20 FT 

2” Diameter SCH 40 PVC Pipe 60 FT 

6” to 2” pipe reducer fitting 1 

2” Fittings and elbows Various 

6” Fittings and elbows Various 

Pipe Primer and Cement 2 

2x4x8 Boards for Supporting Structure 8 

Miscellaneous required hardware and fasteners Misc 
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Appendix C – Seametrics AG3000 Documentation 
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1.0 INTRODUCTION 
Luhdorff & Scalmanini, Consulting Engineers (LSCE) has been hired by the Tehama County 
Flood Control and Water Conservation District (Tehama County FCWCD) for the purpose of 
providing Professional Services for Groundwater Sustainability Plan (GSP) Annual Reports, 
DWR GSP Review Response to Comments, and Implementation Activities for the Bowman, Red 
Bluff, Antelope, Los Molinos, and Corning Subbasins. Haling & Associates (H&A) has been 
hired as a subconsultant to LSCE to assist in the implementation of groundwater recharge 
activities in the Red Bluff, Los Molinos, and Corning Subbasins. This Feasibility Report is for a 
proposed project to take place under Task 4.4, regarding recharge through unlined canals and 
drainages in the Corning Sub-basin. 

In consultation with the Paskenta Band of Nomlaki Indians (Paskenta), it is proposed to utilize a 
section of Brannin Creek to recharge the groundwater aquifer. Due to known impermeable soil 
layers in the area, dry wells will be utilized to assist in groundwater recharge. Water delivered 
through the Corning Canal will be utilized for groundwater recharge. 

1.1 Location 

The proposed project site is an approximately 1700-foot stretch of Brannin Creek, located 
directly west of Interstate-5. The creek is located directly north of the Rolling Hills Casino, and 
south of the Liberal Avenue exit. The creek flows east under Interstate-5. The project site 
stretches between Orchard Avenue and Everett Freeman Way. A map of the project site is 
included in the preliminary design drawings (Appendix C). 

The Corning Canal flows south and ends at Brannin Creek, approximately 7,000 feet west of the 
proposed project site. A bulk head is located where the canal crosses Liberal Avenue. The 1,600-
foot section of canal between Liberal Ave. and Brannin Creek is currently dry. 

1.2 Hydrogeologic Setting 

An exploration well was drilled near the project site in 2022 (See Appendix A for well log). The 
area beneath the project site consists of several aquifers at varying depths, separated by layers of 
high clay soils (70% to 100% clay). The first aquifer/gravel layer occurs at approximately 40 to 
50 feet below ground surface. Water has not been observed at this depth. The second aquifer is 
located between 90 and 105 feet below ground surface. This second aquifer is made up of 
relatively small gravel with less than 10% clay content and water has been observed at this 
elevation. Additional gravel layers are present beyond 150 feet, but the second aquifer is the 
shallowest depth to intercept an effective recharge zone. 

2.0 BASIS OF DESIGN 
Soil within the project site is known to be very high in clay and relatively impermeable. This 
includes the soils beneath the creek bed of Brannin Creek. Because of this, dry wells are 
proposed to allow infiltration of surface water to deeper aquifers. 
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