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Assignment 4. Will your theory of a solution work?

I focused on finding scientific papers on the following two of my activities to see if they had shown evidence of solving my project challenge. I searched through Google and Google Scholar. 
ACTIVITY 1
GROUNDWATER RECHARGE PROGRAM 
Key words: Do restored wetlands recharge groundwater?

NB: For the assignment you only need to find two scientific papers for two activity examples. I happened to find more than two scientific papers—but I really want to do this project—and they were very good, so I've included them.
Looking through my Assignment Three list of websites for potential project activities, I remember that there are quite a number of ways to recharge groundwater. Some of them are high tech and capital intense—and some of them are hands-on and low cost. 

Some High-Tech Examples Capital Intense:

· large spreading basins

· recharge pits and shafts

· recharge wells

In the bigger context of the Climate Action Plan, realizing that larger-scale, capital intense solutions may take a period of time to assess, design, and fund, I decided to focus today's research on hands-on, low-cost methods of recharging groundwater which community members could get started with relatively quickly.

There has been a lot of work done in Southeast Arizona using different hand-built methods for slowing down runoff water in streams during a storm. So I thought this would be a good place to start and it would be engaging for the community. These largely involve building stacked stone, check dams and imitation beaver-like dams.

So I decided to focus my search for scientific documentation in the low-tech activities to see if they work.

1) Groundwater Recharges Technology for Water Resource Management: A Case Study

https://www.intechopen.com/chapters/73757
The irregularity in monsoon has severely affected the water availability at surface and sub-surface systems. Diminishing surface and sub-surface availability has not only decreased the water availability, but it additionally affected the ecosystem and increased disastrous situations like floods and droughts, resulting problems of stress on groundwater recharge.
This can be solved by different direct and indirect methods of groundwater recharge technology. This technology can reduce the wastage of water and enhance groundwater availability for uses in different sectors like irrigation, domestic and industrial uses.
Groundwater recharge is a technique by which infiltrated water passes through the unsaturated region of groundwater and joins the water table.
2) Assessing the Impact of Artificial Recharge Ponds on Hydrological Fluxes in an Irrigated Stream–Aquifer System

https://www.mdpi.com/2306-5338/9/5/91
Results indicate that recharge ponds can raise groundwater levels by approximately 2.5 m in localized areas, but only 15 cm when averaged over the entire study region.
3) Effectiveness of check dam and percolation pond with percolation wells for artificial groundwater recharge using groundwater models

https://iwaponline.com/ws/article/19/7/2107/68069/Effectiveness-of-check-dam-and-percolation-pond
The maximum increase in water level was found to be 3.46 m, 2.54 m and 4.7 m respectively for the check dam, percolation pond with three percolation wells and combined structure arrangement after 2 years of artificial recharge. Artificial recharge is found to be very effective for sustainable development of water resources and the percolation pond was found to be the most appropriate structure for groundwater recharge for the study area.
ACTIVITY 2
CHECKDAM INSTALLATION PROGRAM 

4) Hydrologic Response of Streams Restored with Check Dams in the Chiricahua Mountains, Arizona. River Research and Applications. March 2015. Laura M. Norman, F. Brinkerhoff, Evan Gwilliam, David Guertin, James B. Callegary, David Goodrich, Pamela L. Nagler, Floyd Gray. 
https://www.researchgate.net/publication/273890469_Hydrologic_Response_of_Streams_Restored_with_Check_Dams_in_the_Chiricahua_Mountains_Arizona
Check dams create more storage space for groundwater, resulting in higher water tables over time and allow for a very slow, controlled but steady, release of water.

Check dams enable deposition and storage of loose, sandy soils with high infiltration capacities to dominate the treated channel and create more capacity to detain water upstream. Sediment detention provides additional substrate for riparian plants, further increasing the potential for infiltration and groundwater storage capacity.

In this study, hydrological processes are evaluated to determine impacts of stream restoration in the West Turkey Creek. One watershed had been extensively altered by the installation of numerous small check dams over the past 30 years, and the other was untreated (control). Results show that even 30 years after installation, most of the check dams were still functional. The watershed treated with check dams has a lower runoff response to precipitation compared with the untreated, most notably in measurements of peak flow. We surmise that check dams are a useful management tool for reducing flow velocities associated with erosion and degradation and posit they can increase baseflow in aridlands. 

5) Dryland Watershed Restoration with Rock Detention Structures (RDS): A Nature-based Solution to Mitigate Drought, Erosion, Flooding, and Atmospheric Carbon. Frontiers in Environmental Science. 04 November 2021. Jennifer Gooden and Richard Pritzlaff.

https://www.researchgate.net/publication/355903398_Dryland_Watershed_Restoration_With_Rock_Detention_Structures_A_Nature-based_Solution_to_Mitigate_Drought_Erosion_Flooding_and_Atmospheric_Carbon
Because RDS slow the flow of water over land and through waterways, they create conditions in which more water can soak into the soil, affecting subsurface hydrology.

Conclusion: Dryland watershed restoration provides a range of environmental and social benefits. This low-tech restoration method has been practiced for centuries with success, and the skills can easily be taught to the inhabitants of the areas where it is most needed, providing local employment and livelihood opportunities. The materials needed for construction are often found on site. Dryland watershed restoration was not included by Fargione et al. (2018) as a natural climate solution for the United States. We believe the results of the case studies presented here illustrate the range of ecosystem functions served by RDS-based restoration and provide a basis for exploring opportunities to pursue dryland watershed restoration as nature-based solution to climate mitigation and adaptation.

6) The Pond-and-Plug Treatment For Stream And Meadow Restoration. Plumas National Forest, California. 

https://training.csd-i.org/wp-content/uploads/2023/04/Pond-Plug-Treatment-for-Stream-Meadow-Restoration.pdf
Sacramento State researchers estimated that, for the 116-acre Clarks Creek meadow, groundwater storage decreased by approximately 65% through summer 2007 (from 218 acre-ft to 76 acre-ft), primarily due to groundwater flowing to the incised, unrestored channel of the meadow (Cornwell, 2008a). The Forest Service Regional Office secured a grant with National Fish and Wildlife Foundation to estimate improvements in groundwater storage that could be achieved through a region-wide meadow restoration initiative for National Forests in the Sierra Nevadas.

Result: After restoration, the pond-and-plug treatment results in substantial storage of runoff as groundwater in the restored reach. This groundwater is released down gradient throughout the spring and summer months but the released groundwater may flow subsurface for hundreds or thousands of feet below the project before interacting with a surface water channel.

Summary Paragraph of the Five Scientific Studies:

It seems that putting barriers to slow down water in streams has a number of very positive impacts, but the two that are the most interesting to us from the standpoint of recharging groundwater are, 1) by slowing water movement down, the water can soak into the soil and therefore recharge the groundwater. And, 2) by slowing water movement down during torrential rain storms it means that the water doesn't rush down a mountain canyon and into a valley at high speed causing flash flooding and then dissipating before it can be collected and absorbed recharging the groundwater.

The studies above, using several different techniques, all agree that slowing down water movement in stream beds reduces the flashy runoff, increases infiltration and leads to groundwater recharging. Slowing down streams will also allow water to naturally spread throughout the stream bed restoring the wetland—a critical habitat for migratory birds, beavers, and native plants. Dryland watershed restoration can also be considered as a nature-based solution to climate mitigation and adaptation.

One of the studies listed above from the Plumas National Forest described a large number of partners which they worked with over several years. These partners included numerous state, and federal agencies, private organizations such as Pacific Gas and Electric —not to mention private landowners and nonprofit organizations such as the nature Conservancy. Working with the 25 or so groups that they did over several years brought in a wide variety of expertise—and—multiple funding opportunities. So, this project—because of its planning and execution—and the fact that it was completed some years ago so that the successes and challenges have been carefully studied, seems like a good model for the Pala community and Reservation to follow.







Copyright © Tim Magee

