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Meeting Summary

January 26, 2005

1. Subsidence Monitoring Presentation, Maurice Tatlow, ADWR Hydrology Division

Maurice Tatlow described what the ADWR has done in the past to address land subsidence.  Prior to 1998, there existed several Federal base GPS network stations in the Valley; however, none were located in the central Phoenix area.  In 1998, the ADWR partnered with Salt River Project and Maricopa Department of Transportation, and installed additional GPS sites, increasing the number of sites six-fold within six months.  The ADWR also purchased four GPS grade receivers, and established a reference network throughout the Valley.

Question:  Has land surrounding Luke AFB been irrigated, and have there been GPS monitoring sites installed on or near irrigated land?

Answer:  Luke AFB is surrounded by irrigated land.  Maricopa DOT has installed some sites on or adjacent to irrigated land.

Some areas of particular subsidence concern have been in the Hawk Rock area in the East Valley, as well as near Scottsdale Airport and 71st and Olive.  Since many monitoring points are needed for an effective network, the ADWR asked well permit applicants to install 3-D monuments, 15-20 feet deep.  To date, 34 well permit applications have resulted in 31 agreements between the ADWR and well applicants.  Of the monuments installed, the ADWR has immediate plans to monitor 13 of them, 6 in Pinal AMA, and 7 in Phoenix AMA. 

Besides measuring at discrete points using GPS, it is also possible to use SAR (synthetic aperture radar) to analyze larger areas for ongoing subsidence over time.  Radar signals aimed at a geographic area of concern are analyzed over a time interval, and maps called interferograms are produced.  An interferogram will show patterns, or fringes, which may be related to subsidence occurring over the time interval.

Interferograms of the Tucson AMA have in the past showed evidence of land subsidence in the central wellfield, and to a lesser extent areas south of the city.  Additional radar scenes of the Tucson area are being collected on an ongoing basis.  Mr. Tatlow also displayed interferograms of areas around Luke AFB in the West Valley, Hawk Rock area in the East Valley, and Pinal AMA.

Mr. Tatlow summarized that if there are enough discrete GPS measurement points, it is possible to determine where subsidence has occurred and is continuing to occur; however, installing an effective number of measurement points can be very expensive.  Land subsidence is ongoing within the Phoenix AMA, and likely to be ongoing within the Pinal and Tucson AMAs.  Land subsidence monitoring takes a long-term commitment – not 1-5 years, but rather 20-50 years.  Residual vs. active subsidence is difficult to separate – it is difficult to determine if today’s pumping is causing the subsidence, or if it is being caused by past pumping, or both.  An individual well’s impact on overall subsidence is hard to determine, but the combined impact of many wells over time is evident.

Question:  Is it possible to correlate subsidence with natural factors such as soils, and is there a correlation between recharge and subsidence?

Answer:  The correlation between groundwater pumping and subsidence has been well studied and is clearer than that between subsidence and factors such as soil type.   In some cases there is a correlation between recharge and diminishing subsidence or even rebound.

Question:  How does the ADWR use all the subsidence monitoring data they collect?

Answer:  The ADWR considers all the data on file, to determine if a proposed new well is located in an area of subsidence.  If it is, the ADWR requires the well applicant to enter into a monitoring agreement or some similar action.  As a result of the well rules stakeholder process, the stakeholder group may decide whether that is an appropriate response.  The ADWR has not yet rejected any proposed wells due to subsidence; so far we are in the data-gathering stage.  Since it is early-on in the process, data collection is crucial.  But it remains to be seen whether the ADWR will continue to just require monitoring, or whether new wells in some areas will be denied.

Question:  Who pays for the monitoring? 

Answer:  The well owner is often required to install a monument, which may cost  $700-$1500, and ADWR staff perform the actual monitoring.  In some cases, well applicants are a part of a regional subsidence monitoring network.  

Question:  In examining point data vs. INSAR, does INSAR show less subsidence?  Which does the ADWR use to evaluate if a well is in an area of subsidence?  

Answer:  If done correctly, both methods are accurate to 1 centimeter.  Sometimes the two methods will agree closely, sometimes not.  Both methods are good, and both types are necessary to get the big picture.

Question:  What are the limitations on using INSAR in agricultural areas?  

Answer:  If the radar hits areas that were planted or harvested or disturbed, the measurements may be invalid, so INSAR doesn’t always work.  Pinal AMA contains lots of agricultural land, so subsidence can be hard to track with INSAR.  New satellites may have longer wavelengths that may possibly give better data.  

It is difficult to single out one well as a cause of subsidence.  It is also difficult to correlate pumping from one well to earth fissures – it is necessary to also factor in depth to water, pumpage, lithology, and depth to bedrock in order to determine why subsidence is occurring.  

Defining the rates and spatial extent of deformation is valuable to many users, which leads to cooperative agreements.  The ADWR’s NASA grant ends this year.  Dedicated funding needed for accurate results, so the ADWR is trying to partner with other agencies to help fund continued monitoring.

Question:  Why do some well owners have to install monuments, some not?  

Answer:  Monuments are often destroyed due to development or vandalism.  Monuments need to be in place long term, and to be strategically placed, to give good data.

Comment:  A recent monument installation cost a well applicant $2300.  However, the well applicant commented that he would rather pay to install the monument than not be able to drill the new well at all.

Response:  Quotes on installing monuments vary, so feedback to Mr. Tatlow is always welcomed. Also, it has been difficult for the ADWR to get figures of subsidence vs. infrastructure costs, so information on these costs would also be welcomed by the ADWR.

2. Subsidence and Earth Fissure Monitoring Presentation – Central Arizona Project

Chuck Cullom and Alex Richards with the CAP gave a presentation on CAP’s subsidence monitoring program.  Subsidence monitoring doesn’t stop subsidence or prevent damage, but it does assist with future planning.  Since 2000, the CAP has been examining subsidence in segments of the CAP canal in the Paradise Valley Subbasin known as Pool 23 and Pool 24.  Most subsidence they have observed is caused by groundwater pumping.  Mr. Richards described how subsidence often occurs, and how it can be associated with earth fissuring.

The CAP canal has low tolerance for subsidence; in addition to possibly creating cracks in the actual canal structure, subsidence can also result in loss of freeboard.  Freeboard is the space between the top of the water level and the top of the canal.  As the water supply in the canal is turned on and off, waves are formed and can overtop the canal if there is insufficient freeboard.

Between 2000 and 2003, the CAP discovered evidence of subsidence in the Pool 23/24 stretches of the canal.  The CAP’s goals were to characterize and map subsidence, evaluate hydrologic conditions, predict future conditions, and take mitigation measures.  They used GPS and INSAR, as well as aerial photos, to track and map the subsidence; the CAP also examined groundwater pumping and surrounding geology.  INSAR showed that increased recharge and decreased pumping in recent years had made a difference in the rate of ongoing subsidence.  

Earth fissures can occur at basin margins, or where there are variations in underlying bedrock.  Luckily the fissure observed  in the Pool 24 area is parallel with canal.  Reconnaissance showed no new fissures from aerials, so the CAP also performed a ground survey and used a gravity survey.  The CAP confirmed that as pumping has decreased, and recharge in the area has increased, subsidence has stabilized.  However, it is more difficult to calculate predicted subsidence.  In future, the CAP will continue to monitor subsidence, install peizometers, and use aquifer testing and modeling.  

In conclusion, the CAP has bought time by increasing freeboard.  Subsidence rates are declining generally, but subsidence still continues so it still needs to be studied.  There is some degree of understanding of the science of subsidence, using a combination of GPS and INSAR to create models.  Monitoring subsidence isn’t new – it has been going on since the 1930s in California.  In Santa Clara County, CA, subsidence has been stabilized through efforts such as recharge projects and managing surface water and groundwater conjunctively.    In Texas, a subsidence district was formed that manages subsidence through permitting, reducing groundwater pumping is some areas, monitoring, exploring taxing, and developing mitigation plans.  However, the ADWR continues to permit wells and only requires installation of monuments and/or collection of data at this point.  The ADWR also gives no notice to infrastructure owners regarding proposed new well installation.  The cost to the CAP for addressing subsidence in the area of Pool 23/24, including increasing freeboard plus investigation and monitoring, was $2.2 million, which is passed on to rate payers.

Question:  Does the CAP plan to install extensometers?  

Answer:  Originally this was planned, but USGS records show that 20-plus years of records are needed.  The CAP board needed answers much sooner, so instead it made the decision to install monitor wells, map areas with clay soil, and perform yearly aquifer tests.  

Question:  What would the CAP do differently if could revisit the past?  

Answer:  The canal was designed in the 1960s, and growth wasn’t anticipated at the extent that it has occurred.  Perhaps there should have been more freeboard planned initially, but future subsidence is hard to predict.  If subsidence continues to occur, the CAP may consider using pipes and pumps. 

Question:  What does the CAP think that ADWR should do to address subsidence?

Answer:  Include subsidence as an unreasonable increasing damage that would require mitigation.

Next stakeholder meeting will be February 16th  at 10:00 AM.

