Groundwater Vulnerability During Drought

GROUNDWATER PROVIDES A
VITAL, SUPPLEMENTAL WATER
SOURCE DURING DROUGHT | =@
THAT COMPENSATES FOR LOST |ii% '
SURFACE SUPPLIES

» Water use and
groundwater depletion

Groundwater occurrence

Declining groundwater
levels with drought and

pumping

New Mexico Bureau of Geology & Mineral Resources, A Division of New Mexico Tech


Presenter
Presentation Notes
Groundwater provides a vital supplemental water source during drought when reservoirs and streams decline. However, drought triggers the intensive use of groundwater, which increases groundwater depletion and stresses already impaired aquifers. 
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- Groundwater withdrawal, Doiia Ana County
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Depletion: “the part of a withdrawal or diversion that is evaporated, transpired,
taken by crops or products, consumed by man or livestock, or otherwise removed

from the aquifer”

How much groundwater

is used?
Two major uses of surface water
and groundwater:

- Irrigated Agriculture (%)

- Public Water Supply (%)

Groundwater provides 100% of
drinking water

How much groundwater

is depleted?

67-68% of pumped groundwater
is depleted

32-33% is recycled to the river
and aquifer

Estimated cumulative groundwater
depletion is ~2.5 million acre-feet,

comparable to the capacity of Elephant
Butte Reservoir
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Presenter
Presentation Notes
This handout provides basic information on groundwater withdrawals and depletions, 1985-2010, in Doña Ana County (for all uses) and in the area of EBID (for irrigated agriculture). The numbers are estimates from NMOSE water use reports. . . . How much water is used. How much water is depleted. 

Calculating the area under the depletion curve provides an estimate of the cumulative groundwater depletion for the 25-year period, 1985-2010, in Doña Ana County. The volume of groundwater loss, about 2.5 million acre-feet, is comparable to the capacity of Elephant Butte Reservoir.
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Groundwater in the Rio Grande Valley — Caballo Dam to Mesilla

RINCON BASIN

= MESILLA BASIN SOUTH
a -
2
a Selden Canyon § =
10 < trict g ; Las
- SnsTeen 3 Z Ak Mesilla Valley
= : B
®
- o)
=]
]
- @
g
/ -5
f >
D " N
[ — = = s —
i Rincon structural basin Northern Mesilla structural basin 1 La Union-Mesquite
subbasin-
T T T T T T T 1 T 1 T 1 T 1 L} T T T T T 1 T Ll T L 1 T T 1 T 1 T L} T T 1 1 Gt e S Tt E T Ll 1 T L} T T Ll T T T T I 1 T T T 1 1 L] T
0 10 20 30 40 50 60 T 4 mi
Groundwater Production Potential (GWPP) _ Faull
[ High Moderate Low Bedrock _ Contact between geologic units

L ..i_l\' A

i\ SIERRA|
W DONA AN A

_ .- Gradational contact between sediment packages

Where is the water?

Mesilla Valley near Las Cruces — contains a major sand aquifer up to
2,000 feet thick that thins to 500 feet or less at the Texas state line
Rincon Valley, Caballo to past Leasburg — the thick productive aquifer
is absent; a thin aquifer extends just 60-80 feet beneath the river
channel to bedrock
Productive aquifers are well-integrated with surface water system —
effects of groundwater pumping, both deep and shallow, are readily
transmitted to the interconnected river channel, canals and drains
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Presentation Notes
Strip diagram shows the Groundwater Production Potential (GWPP) of the aquifers along the Rio Grande Valley between Caballo Dam and the lower Mesilla Valley, almost to the Texas State Line. Colored shades of blue and yellow, which show where the aquifers are located and where they are absent. Blues = high and moderate water yields. Yellow = low and very low water yields. 
*1 Mesilla Valley near LC, on the right, . . . 
*2 Rincon Valley between Caballo and Leasburg, on the left, . . . 
*3 . . .  These aquifers are recharged or replenished from the river, canals, drains, and irrigated cropland. The WT is influenced by the river, irrigation works, pumping wells, and heavily irrigated fields.  Much of the groundwater pumped for irrigation in the lower Mesilla Basin is derived from the shallow aquifer zone that is directly connected to the surface-water system. The effects of groundwater pumping, both deep and shallow, are readily transmitted to the interconnected river channel, canals and drains.  Measurements made by the U.S. Geological Survey (reported in WRRI Report 332) show that the river loses water near the Las Cruces, Mesquite, and Canutillo well fields. 

Note well locations with hydrographs.


DEPTH TO WATER, IN FEET BELOW LAND SURFACE
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Effects of the 1950s Drought on Groundwater in the Mesilla Valley

Average depth to water in 39 wells, Mesilla Valley, 1946-1958
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Prior to 1951 — summer water-table rise in the irrigation season and a winter drop = recharge pattern.
Dramaticrise in irrigation wells — 11 in 1946, 50 in 1947, and more than 1,600 by 1955.

1951-1953 — the natural recharge pattern is lost, but there is no appreciable water-level drop.

1954 to mid-1957 —wells were the main source of supply and water levels declined each year. At the end of
1956, the water level was 6 feet lower than pre-1951.

1957-1958 El Nifio — water levels recovered rapidly to within 2 feet of pre-drought levels.
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Presentation Notes
NEXT 3 HOs: hydrographs that show changes in groundwater levels in the Mesilla Valley from the 1950s to the present. Water level on the vertical axis, time on the horizontal axis, colored bands of tan indicate drought conditions followed by a blue El Nino cycle. Hydrographs show us a visual picture of how the aquifer has responded to wet/dry climate cycles and groundwater pumping over the last 70 years. 

The first graph on page 4 shows the average depth to water in 39 wells throughout the Mesilla Valley 1946-1958.  It clearly shows the dropping water levels in drought years 1951–1957 and the rapid rise at the end of the drought. But there is more detail here that’s significant.
 
1st. Prior to 1951, when there was no drought and pumping was insignificant, we see a natural seasonal fluctuation of the water table where it regularly rises during the summer irrigation season (April-September) then drops during the winter when irrigation stops → this is a WT response to recharge from the river and irrigation works and what I will refer to as a “recharge pattern”. 

2nd. There was a dramatic rise in irrigation wells during the drought, from 11 in 1946 to more than 1,600 by 1955, which obviously increases GW usage. 

3rd. In 1951-1953, with a short supply from EB, the natural seasonal fluctuation is lost when recharge is disrupted by drought, but the Water Table doesn’t drop. 

4th. 1954 to 1957, GW was intensively developed, wells were pumping, and water levels declined each year. By the end 1956, the WT had dropped 6 feet below pre-drought conditions. 

5th, 1957-1958 El Nino . . . The aquifer recovered rapidly to within 2 feet of pre-drought levels. At the time, this was seen as a sign that the 1950s drought did not exceed the capabilities of the aquifer.


»

Effects of Drought and Pumping on Groundwater — 2 Shallow Wells 1946-2015
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Date of Measurement

The 1950s groundwater levels in well USBR13 replicate the pattern in the average hydrograph, with a 16-ft drop.

The pre-1951 recharge pattern (summer high/winter low) was disrupted in the 1960s and 1970s, but returned

during the wet years of the 1990s.

The 1990s water-level highs were 2-3 feet lower than pre-1951 levels. Was the assumption that the aquifer fully
recovered following the 1950s drought and pumping correct?
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Presentation Notes

This hydrograph shows 2 separate shallow wells in the same area of the Mesilla Valley. “Blue well and red well”. Here we’ll focus on the blue well. 

The 1950s GW levels in the blue well . . .

The pre-1951 seasonal pattern . . .   Even then, 

The 1990s water-level highs . . .  We’ll consider that question when we look at the next page. 




Effects of Groundwater Pumping and Drought — 1995-2015
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Date of Measurement
In 2003, Syears prior to onset of drought, the summer recharge pattern of the 1990s shifts to a summer
pumping pattern. Water levels drop 7.5 feet. - Early groundwater storage loss is due to pumping

April 2011 to June 2015, 18.5 foot water-level drop in well M-4C (red) ->— Late groundwater storage loss
due to drought-impaired recharge and intensive pumping.

Total water-level decline 2002-2015 June is 26 feet. No sign of recovery despite shift to wet El Nifio Page 6
conditions.


Presenter
Presentation Notes
This last graph is the same as the one on Page 5, but we’ve zoomed in on the last 20 years to gain a better view of recent conditions. And I’ve added a deeper 120-ft well, black dots. Here’s what we see. 

1st. The summer recharge pattern of the 1990s (high summer water levels), very clear at this resolution, runs through 2002. Then an interesting thing happens.  In 2003 the recharge pattern shifts to a pumping pattern (low summer water level), and we see an annual pumping cycle of large summer draw downs (6-10 ft) and incomplete winter recovery. The pattern shift is similar to what occurred in the first 3 years of the 1950s drought, but here it’s starting five years prior to severe drought conditions..

2nd.  At the same time, water levels drop 7.5 feet. When we see that shift from a summer recharge pattern to one of summer pumping, and it coincides with a significant water-level drop, and it starts 5 years prior to the drought, it indicates that this early groundwater depletion is due to pumping and is not a direct climate response. 

3rd . Second large water-level decline started April 2011 and continued to Nov 2014. I checked the USGS Mesilla Valley monitoring site for new information on Friday and found WL updates through July 14.  WLs recovered one foot during the winter, then continued in decline (2 feet) through June. Monitoring recorded a total decline of 26 feet from 2002 to June 2015. 


The Surface-Water Groundwater System — How it can fail

: Irrigated fields
Farm ditches

Canal
(Acequia)

Drain Stream
! //

Groundwater Vulnerabilities During Drought

1. The availability and distribution of groundwater recharge is reduced

2. Surface shortages trigger intensive groundwater pumping , which drives groundwater declines
and compounds storage losses and depletion

3. The groundwater system may decouple from surface sources, which drives excessive seepage
and conveyance losses.
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Presenter
Presentation Notes
Severe drought and a warming climate have several adverse effects on groundwater resources: (1) . . .; (2) . . .; and (3) . . . .These are likely present and future scenarios for the Lower Rio Grande Basin and New Mexico. 
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