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Presentation Notes
The Pecos River has long had a reputation for being treacherous. Even the buffalo hunters dreaded it. "When a bad man dies, he goes either to hell or the Pecos," Became to be used as a verb—to “pecos” someone was to kill them and throw them into the Pecos River.With little fresh water, long distances between settlements over rough terrain, and dangerous crossings --- the Pecos River leaves no margin for error:Be it the distance to the next watering hole, or to the next gas station, or the time from rainfall to flash flood.Of the thousands of surviving visual records of Western exploration, very few are oil paintings. Artist Harry Sindall captured this historic crossing at Falls of the Pecos, just upstream from the confluence of Delaware River and the Pecos River.Fording the Pecos River was painted during Captain John Pope's artesian well expedition in Texas and New Mexico from January of 1855 to June of 1858.
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BackgroundHistorical contextCausesSourcesImpactsSolutions – including the Malaga Bend Project



 929 miles long
 > 44,000 square miles watershed
 Sangre de Cristo Mountains to Rio 

Grande
 Average daily flows

 ~90 cfs at Malaga Bend
 ~33 cfs at Girvin
 ~265 cfs at Langtry

 Contributes ~222,000 acre feet into Lake 
Amistad  or ~10% of inflows
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Had many names over the years:Coronado called it the Rio de las Vacas, the River of Cows due to the large herds of buffalo.Other Spanish explorers called it the Rio Salado because it was so salty.Mexicans have called it the Rio Puerco, or dirty river.No one really knows where the name Pecos comes from. It was first found in Spanish explorers’ reports concerning the pueblo, now known as the Pecos Pueblo. It may have been derived from the local language for the river (spoken by pueblo people)The Pecos River starts near Santa Fe, high in the Sangre de Cristo mountain range and flows over 900 miles into the Rio Grande.Eastern boundary of the most mountainous and arid region in Texas known as the Trans-PecosOver 44,000 sq. miles of drainage areaHeadwaters designated as National Wild and Scenic River in 1990Average flows range from 90 cfs at Malaga Bend to 262 cfs at Langtry – empties into Lake AmistadContributes over 222,000 acre feet to Rio Grande or about 10% of the inflows



“The Graveyard of a Cowman’s Hopes…” ~ C. Goodnight

Treacherous crossings
Steep, unstable banks 

upstream
Deep gorges downstream 
Flash floods
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The Pecos River looms large in Texas history, myth, and literatureNotorious as a barrier to westward expansion in Texas particularly.Early-day travelers described the river as generally sixty-five to a hundred feet wide and seven to ten feet deep, with a fast current. It was fordable at only a few places.The Pecos river is a narrow, twisty river in very forbidding country that cuts sharply into the terrain. in earlier days before population growth and irrigation reduced the flow, you could probably hear the river well before you could see it.It had steep dirt banks and swift water with a soggy muddy bottom trapped people and animals that tried to cross. It was notorious for “quick sand.”In earlier times before population growth and irrigation reduced its flow, there were few places that had neither steep banks nor quicksand and the river widened, slowing the flow enough to make a crossing.The Pecos has been hard enough on livestock that the river has been called “Graveyard of the Cowman’s Hopes” by Charles Goodnight.As in most of the arid portions of Texas, flash floods have always been a problem.  They were especially unpredictable historically, and even now trap canoeists and kayakers.  Photo taken by one group in 2014 who lost most of their gear when one hit in July. That if also a shot of the Red Bluff rock that has given the reservoir constructed upstream its name.



“The Graveyard of a Cowman’s Hopes…” ~ C. Goodnight

Treacherous crossings
 Flash floods
Steep, unstable banks 

upstream
Deep gorges downstream 

Comanche territory
Lack of fresh water

High salinity water
Alkaline pools
Artesian springs
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Another barrier were the Native Americans in this region. The Comanches had already driven back the Apaches to the north, and their territory reached deep into Texas. It was especially dangerous for emigrants trying to get to California, especially during and after the Gold Rush.To make matters worse, there were long stretches with no water except artesian springs, if you could find them.Many cattle were lost when the tried to drink from the alkaline pools in the region. Remember the river of cows, it was also the river of dead cows – and horses.



 Early Spanish 
exploration

 Westward settler 
migration routes

 Goodnight-Loving 
Cattle Trail

 Butterfield 
Overland Stage 
Route

 Military crossings
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Early explorations had forded the river in two locations at its least threatening points, the crossings earlier used by the Spanish and then the emigrants. One of the crossings in Texas was 80 feet wide and 2 ½ feet deep Native Americans and outlaws had camps all around the crossing during this time. In the lower Pecos in Texas, there were 3 main crossings used in the mid- to late-1800's: Horsehead crossing, Pope's crossing, and Emigrant crossing. Pope's Crossing was on the Pecos River and the Loving-Reeves county line one mile south of the Texas-New Mexico boundary and was inundated by the headwaters of Red Bluff Reservoir when it was built in 1936. The Butterfield Overland Stage route to El Paso required crossing the Pecos, at the upper Delaware Falls location,The Goodnight-Loving Trail used Horsehead Crossing as depicted in this painting showing cattle crossing the river with Castle Gap in the background. Author and historian, Patrick Dearen has written a number of books about the Pecos, including one titled “Crossing Rio Pecos.”The three main crossings were also key points for the various military expeditions to:	map the area, 	to look for fresh water sources, and 	to travel to and from the numerous forts established in the area, such as Fort Davis, Fort Stockton, and Fort Lancaster (the remains of which are open to the public). The wide-open spaces would seem to be a cattleman’s dream. Most of the countryside was unfenced in 1890 and populated by plenty of longhorns. The cattle herds rounded up for the cattle drives were so large that an “old cowman” once commented “I don’t remember the number exactly…but it was so big it took us three days and nights every morning to get it off the bed grounds.”28 However, land is prone to drought, even multi-year droughts. During one three-year drought “a ranchman hauled up a load of gravel to his house and threw it on the roof so that when it did rain the children would not stampede at the unprecedented noise.”29



 Emigrants bound for California crossing at 
Horsehead Crossing, circa 1850 
(Texasbeyondhistory.net)
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Horsehead Crossing is the most famous and was named by the Comanches for the skulls of unlucky horses found on its banks.this is very difficult country and it is said that this location was once littered with the carcasses of animals for whom this was the end of the trail. cattlemen said their herds would be maddened by thirst by the time they reached horsehead crossing and were uncontrollable. many animals plunged headlong into the torrent and were lost and others died from drinking more than they could handle.It is still marked there today. Here is an old rendition of the location, compared to what it is today—still very similar, just with less water.



 Looking for convenient 
routes west, river crossings 
and water sources

 Pope’s expedition - 1854
 Echols’ “Topographical 

engineers” expedition -
1859

 Surveyed and documented 
hydrographical features

 Camel Corps
Thomas Lovell, Camels in Texas

Camels Crossing the Delaware Falls

Drilling for Water, Harry Sindall 
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The lack of fresh water was noted by the Spanish explorers who traveled in the Southwest, including the Pecos during the sixteenth century looking for gold and riches.Due to the arid conditions encountered by anyone trying to get from east to west across southwestern Texas and New Mexico, Jefferson Davis talked Congress into funding a herd of about 30-50 camels imported from the Mediterranean for about $30,000.They were used mostly for survey expeditions. The US “topographical engineers” were sent out to explore and map hydrographical features for various purposes, including finding convenient routes for traveling west, such as Pope’s expedition for the railroads.They also documented their trips and observations with drawings and paintings.On March 25, 1859, Secretary Floyd directed reconnaissance of the area between the Pecos River and the Rio Grande using the camels still available in Texas. Lieutenant William E. Echols of the Army Topographical Engineers was assigned to conduct the reconnaissance. Lieutenant Edward L. Hartz commanded the escort. The train included twenty-four camels and twenty-four mules. It set out in May 1859. The expedition arrived at Camp Hudson on May 18. The group remained at Camp Hudson for five days then departed for Fort Stockton, Texas, arriving on June 12. On June 15, the expedition set out for the mouth of Independence Creek to test the camels ability to survive without water. The distance traveled was approximately eighty-five miles at four miles per hour. The camels showed no desire for water during the trip but were watered upon arrival. The party then set out on a 114-mile, four day journey to Fort Davis near the Rio Grande. During this segment of the journey, one of the camels was bitten on its leg by a rattlesnake; the wound was treated and the animal suffered no ill effects. Upon reaching Fort Davis, the horses and mules were distressed but the camels were not. After a three-day rest the expedition returned directly to Fort Stockton. Hartz wrote that "the superiority of the camel for military purposes in the badly-watered sections of the country seems to be well established."[4]In June 1859, while attempting to climb a sloping bare rock in southwest Texas, one of the Army’s camels lost its footing and fell, smashing one of the precious water barrels it was carrying. An officer accompanying the expedition quickly cut the lines ensnaring the camel, preventing a bad situation from becoming worse. (Camels in Texas, by Thomas Lovell, courtesy of the Abell-Hanger Foundation and the Permian Basin Petroleum Museum, Library and Hall of Fame of Midland, Texas, where the painting is on permanent display.)



Harry S. Sindall, Pope’s Artesian Well, c. 1857-58, Collection of The State Preservation Board, Austin, Texas.

• Captain John Pope’s Expedition – 1854-1857
• Pope’s Crossing on the Pecos River 
• Artesian well drilling site
• Gave up looking after 3 years
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In 1854, Capt. John Pope (a topographical engineer) arrived at the Pecos River on a survey expedition to find the best railroad route to the Pacific which required finding a fresh water source.In addition to “Fording the Pecos River,” Pope’s expedition painter, Harry Sindall, also painted Captain John Pope’s Artesian Well Drilling Site, located near the Pecos River crossing of the Texas-New Mexico line.Pope unsuccessfully drilled 3 wells hoping for artesian flow of fresh water and abandoned the camp 3 years later.He later blamed the failure on the geologists, who had told him the formations were solid enough so he didn’t have to put casings in the wells—all of which collapsed.They used teams of horses to push wheels around in circles which powered rotary drills. At one point, Pope was reduced to using tent poles to drill with.



from Miyamoto & others (2007)

 Permian period 
shallow sea - 245 
million years ago

 Sea advanced/ 
retreated forming 
evaporite deposits

 Groundwater 
dissolution => 
collapsed sinkholes

 Created salt springs 
and seeps
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So, how did it get so salty??During the late Permian period, about 245 million years ago, southeastern New Mexico was covered by a shallow sea. The sea advanced and retreated several times during this period. Toward the end of the Permian period, several thousand feet of evaporite deposits accumulated in this area.Later in geologic time, parts of the evaporite deposits were dissolved by groundwater and the overlying rocks collapsed, resulting in sink holes filled with debris and alluvium. **********more here



 Groundwater discharge/ 
seeps 

 Bottomless Lakes
 ~300,000 tons per year

 Malaga Bend springs
 ~150,000 tons per year
 Salinity = ~4,100 ppm

 Old flowing wells
 Lower flows in river
 Flows at Malaga Bend

 210,000 acre-feet in 1959
 66,000 acre-feet in 2001 from Miyamoto & others (2008)
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The Pecos River flows south through a chain of these collapsed sinkholes and collects a significant amount of saline water from them.Salt springs have been measured in numerous studies over the last 75 years or so. Miyamoto, et al, (2004-2008) reported estimations up to around 172,000 tons per year with up to 4,100 ppm of salt, was added to the Pecos River from the springs at Malaga Bend. As flow in the river has declined, there is less dilution which has made the conditions ever worse.



 Review the 
literature

 Look at the 
historical 
geochemistry 
data  

 Sampling
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There are a number of methods that can be employed to locate and document the sources of salinity.  A great deal of research has been done in the Pecos River Basin and the literature contains a lot of information on sources of salinity and potential sources of salinity.  The historical geochemistry data also can provide insight, and of course the results of any sampling can provide insight.
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The literature shows many areas of interest with respect to salinity, shown are just a few including El Rito Creek, several spring including Blue Hole discharge to the creek, which empties to the Pecos River, The outflow from Bitter Lakes National Wildlife Refuge, shown is the South Weir Inflow to the Pecos, Lea Lake outflow, one of the Bottomless Lakes, which has an outflow that doesn’t flow to the Pecos but some of the outflow may make it to the Pecos River, Salt Creek just down stream of Red Bluff Reservoir, and Juan Cordona Lake which is a Salt Lake that is privately owned.  Numerous active pump jacks are located in the lake.
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Here are some of the results from reviewing the geochemistry data.  Data included in this plot are from agencies that collected data in sites on the Pecos River since 2010Literature says concentrations remain high to Girvin and then decrease, however in this figure we see concentrations remain high to Iraan and then decrease
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Data included in this plot are from agencies that collected data in sites on the Pecos River since 2010Notice a big jump in concentrations downstream of Red Bluff Reservoir…This concentration jump could be indicative of evaporative processes from the reservoirHowever there is a second spike in chloride of almost 1000 mg/l between Grandfalls and Old Crane road that is likely no longer exclusively reservoir related
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Now – just looking at the data from the USGS sampling in February of 2015The load computations shows high concentrations of major ions and higher flow equals an increase in the load to Iraan
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Strontium isotopes are useful in that they tell you about the source of water not the concentration of the salts.  When there is a shift up or down, then the water in the river is mixing with a different source of water. The shifts are a change but not just in the amount of salts but the composition of the salts. Notice there are three prominent shifts.  One between above Santa Rosa, one between near Acme and below the south boundary of the BLM wetlands, and one between at Barstow Dam and at RR 1776.  This change at Barstow is interesting because it suggests the River here is no longer solely influenced by the reservoir or Salt Creek but there is a different source of water with a different isotopic makeup.  There is a fourth shift between horsehead and near Girvin but not as prominent as the other 3.
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Because both Chloride and bromide are conservative ions (in that they have constant ratios in seawater). They are useful as tracers and should increase or decrease proportionally.  This plot shows that between near Acme and the south boundary of BLM wetlands and then again between BLM wetlands and near Artesia that the concentration of chloride and bromide are both increasing here but not proportionally.  This indicates that there is a source of water coming in to the river here that is different than the river water and potentially very saline.  Supersaturation of halite can cause the chloride bromide ratios to change but this stretch of the river showed saturation indices were negative for halite and gypsum meaning that halite was not precipitating. Also we see that these indicators of a different source of water aren’t consistently at the same location along the river, this suggests that the system is more complex, and that there may be multiple sources of input to the river.



Presenter
Presentation Notes
Here is a map of the locations of the sites sampled in Texas in 2015.  In addition to the 10 sites sampled on the main stem of the Pecos River, we also sampled 2 artesian wells  off of Ranch Road 1053 in Pecos County Texas.  
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Loading up the Kayak – Sampling team kayaked out to well to take sample
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At one time crops were irrigated here, canals remain, however over time water became more saline and irrigation was stopped.  No irrigation since the 1970’s. Specific conductance is now > 120,000 us/cm.
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This is a photo of a free flowing well SE of RR 1053 nr Imperial Texas.  Sampling Team kayaked out to well head to get sample.
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Getting Ready to take sample
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One of the questions we hoped to answer is whether the water from these artesian wells is making its way to the Pecos.  The strontium isotopes can be useful here too.  The site is located approximately between at HWY18 near Grandfalls and at Old Crane Rd near Imperial.  The concentration of the strontium isotopes at the artesian well is much lower than the concentration of the strontium isotopes at the sampling sites on the river, in fact the strontium isotopes continue to increase to Iraan.



 Developed structure of the basin 
(regional scale)

 Compiled geospatial locations of areas 
of Interest and attribute information (for 
example interval of injection, depth of 
well)  including but not limited to
 Salt water disposal wells 
 springs, seeps, and sinkholes

 Developed a Web Map Viewer for display 
of compiled data
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Along with the data compilation and literature review, we are also developing the structure of the Pecos River Basin focusing on the area nearest the river,  compiling potential areas of interest with respect to salinity, and developing a web map viewer to display the data.
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The USGS has also integrated the data layers into GwWebFlow.  This is a model viewer being developed by Jeremy White.  A model-independent, generic, groundwater model viewer has been developed for MODFLOW-2005 models. The viewer relies on a thematic real-time environmental distributed data service (THREDDS) server to render grid-based network common data format (netCDF) files of model inputs and outputs as geo referenced images. The client-side (browser-based) viewer uses light-weight javascript and relies only on open-source components. The viewer automatically refreshes available models based on querying the THREDDS server. The construction of the MODFLOW input and output netCDF files is a critical step in preparing a model for the viewer. These netCDF files must be spatial and temporally referenced and include attributes defining the model input and output properties as well as some global attributes describing the model. Fortunately, the requisite netCDF files can be easily and nearly-automatically created with python using the flopy module. The viewer will soon be publicly released with three recent TXWSC modeling analyses



Red Bluff 
Reservoir

Lake
Amistad

 Red Bluff Reservoir
 Salt loading: ~560,000+ tons/year
 Outflow: ~410,000 tons per year
 TDS of water = 6,000 ppm

 Too high for most crops

 Marginal for livestock

 Limits biodiversity of species

 Girvin: ~12,000 ppm
 Lake Amistad
 26% from Pecos River (~10% flow)
 Upper limit of drinking water 

standards
from Miyamoto & others (2006)
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Why does it matter?Salt loading into Red Bluff averaged 478,000 tons per year since 1991 and is stableThe Delaware contributes another 80,000 tons per year.Outflows from Red Bluff have been estimated at 410,000 tons per year of salt, including seepage with about 6150 ppm of dissolved solids—or salt.Salinity of the reservoir release is too high for irrigated production of most crops, except highly tolerant types, such as cotton or hay.Not good for poultry and marginal for livestock either.It is at the limits for both aquatic and riparian species. There’s not much that can survive in this ecosystem.A federal interest in this situation has been established based on these conditions and the increased salt loading to the international Lake Amistad on the border with Mexico.The Pecos River accounts for 26% of the salt loading into Amistad, while providing only 9% of the total inflows to the reservoir.Lake Amistad has periodically reached the upper limits of the drinking water standards in Texas. 



 Pecos River Compact (signed in 1948) –
Texas and New Mexico

 Lawsuit: Texas v. New Mexico (1974-1988)
 River Master appointed
 Accounting process

 Pecos River Settlement Agreement (2003)
 Efforts to insure compliance in New Mexico

 Water Quality becomes focus in Texas 
 Sponsored studies and projects with 

USGS and Bureau of Reclamation
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Pecos River Compact  - Signed by TX and NM after years of contentious negotiations and previous attempts to agree on a compact.Principal tenet of Compact is that NM “shall not deplete by man’s activities the flow of the Pecos River at the NM-TX state line” below the “1947 condition”TX sues NM in Supreme Court in 1974 NM loses, pays $14 million fine andMust now abide by Court’s 1988 Amended DecreeFederal River Master oversees all deliveries to TXDevelopment of a River Master’s Manual to govern accounting & decisionsAnnual accounting determines any credits or debits to the deliveries of water by New Mexico to the State LineDecree requires rapid repayment required if shortfall occursIn 3003, New Mexico and its irrigation districts settled how they would meet the requirements of the Decree, primarily by buying water rights and installing augmentation wells.The Pecos River Commission was active in sponsoring studies by the USGS which identified the upward-leaking brine from a confined aquifer at the base of the Rustler Formation.



from Malaga Bend Experimental Salinity Alleviation Project – A Comprehensive Interim Report, Eddy Co., NM, 1970
By John S. Havens, prepared for the USGS in cooperation with the Pecos River Commission

1938-1970 – USGS reports identified 
brine discharge
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This slide shows the springs and seeps at Malaga Bend taken by the USGS in 1969 for the Interim Report on the Malaga Bend Salinity Alleviation Project drafted in 1970, never published.Based on numerous historical studies by USGS, :the brine intrusion at Malaga Bend has been considered to be the most controllable salt source. There were various proposals on how to deal with this situation, such as cutting off the bend to bypass the springs.They also discovered that pumping brine from the aquifer at a rate greater than 0.5 cubic feet per second (about 224 gpm) lowered the potentiometric head in the confined aquifer and reduced the discharge from the aquifer. 



1958: First salt control 
project of its kind in 
U.S. 
Cooperation from state and 

federal agencies
Construction - Bureau of 

Reclamation
Data collection - USGS
Right of way - NM
Operation and maintenance 

- TX
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The Water Salvage Alleviation Project was authorized by Congress in 1958Included several approaches such as the McMillan Delta Salvage Channel and Brine pumping at Malaga Bend.First salt control project of its kind in the U.S. included cooperation by both state and federal agencies:Construction by Bureau of ReclamationData collection by USGSRight of way acquired by NMOperation and maintenance by Texas



1963: Pumping starts
1963 to 1976:

By December 1964, 1,000 
acre-feet of water pumped 

300,000 tons of salt 
removed

Decreased brine inflow to 
river by 70%

About 3,878 acre-feet of 
brine is pumped

From Havens, 1970.
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1962: Construction starts220 ft well~2 miles of pipeDischarge to unlined but compacted 50-acre evaporation pond (Anderson Lake) Named in memory of manager of Red Bluff Water Control District and engineer adviser to the Texas Pecos River Commissioner, C.J. Anderson 1963: Pumping startsBy December 1964, 1,000 acre-feet of water pumped �removing 300,000 tons of saltDecreases brine inflow to river by 70 percent1963 to 1968About 3,878 acre-feet of brine is pumpedReclamation project from 1964-2011 “Pecos River Water Salvage Project” to eradicate salt cedar



1970, 1976, 1979, 1980:
USGS reports show leakage from disposal 

lake
1972: Brine pumped to Culberson County 
(TX) 

Enhanced oil 
recovery (EOR) 

1977: EOR Pumping 
stops

Pump and casing 
problems
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1970- 1980: USGS reports show possible leakage from depression…Texas proposes to pump the brine to Culberson County (Texas) for enhanced oil recovery (EOR)1972: Pumping for EOR starts1977: EOR pumping stops due to problems with the pump and casingReclamation project from 1964-2011 “Pecos River Water Salvage Project” to eradicate salt cedar



2005: Private companies were once again 
offering proposals to mine salt

Old evaporation pond

1992: Private companies propose to 
pump and “harvest” salt for sale
1993: Pumping stops:

 To re-engineer the 
pond

 Due to water fowl 
concerns

 Due to lack of interest 
by salt company 
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Over the last 20 or so years, several private companies proposed to harvest the salt for sale, such as: United Salt Company, andBrine Partners, and All of the previous efforts failed for a variety of reasons like leakage issues, environmental concerns, or just lack of interestThe whole idea then languished for many years.By 2005: Private companies were once again offering proposals to mine salt.



2010: PRC, state and local 
officials, stakeholders and 
federal and state agencies
2012: Pecos Initial 
Assessment by USACE and 
conducted by USGS
2013: USACE Pecos 
Watershed Assessment 
Project

 Non-Federal sponsors: Texas 
TCEQ and New Mexico ISC

 Funds provided by Texas Water 
Development Board
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In 2010, the Pecos River Water Quality Coalition formed to combine and coordinate the efforts of: the Pecos River Commission, Texas lawmakers, other Pecos stakeholders Federal and State agencies.Working with the U.S. Army Corps of Engineers, the Coalition along with TCEQ and NM ISC have been able to help sponsor the recent federal studies to evaluate the salinity problems in the basin.This has resulted in, we hope successful, efforts by Southwest Salt, but also the broader evaluations of the entire watershed by the Corps and their subcontractors, such as the USGS.Funds have been provided by the Texas Water Development Board



2010-2012: Pecos 
Commissioners and 
Pecos Coalition work 
with Southwest Salt to 
pump well again to 
produce salt

Carlsbad

Red Bluff

Texas

New Mexico

Malaga Bend
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The current Malaga Bend Salt mining projectSite is located approximately 3.5 miles NE of Malaga in Eddy County, New Mexico. Southwest Salt Company, LLC, a private company started construction on the facilities in 2012 and began pumping operations in January 2013. 



C-2713

D-1754

Red Bluff 
Diversion Permit  
SP-3254 for well 
C-2713
Max of 645 

acre-feet
 Southwest Salt 

Discharge 
Permit – D-1754
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Both Texas and New Mexico have their own permitting requirements to allow for the Malaga Bend ProjectFrom New Mexico, Red Bluff has a Diversion Permit  SP-3254 for well C-2713Which allows a Maximum of 645 acre-feet to be pumped from the well beneath the riverSouthwest Salt obtained a Discharge Permit from New Mexico for the evaporation ponds –  D-1754



Malaga 
Bend

Malaga Bend 
Gage 
(08407000)

Pierce Canyon Crossing Gage (08407000)

C-2713 Well

 Gain in Total Daily Salt 
Load limit < 367.7 
Tons/day

 Pumping Limit and NM 
credit of 645 acre 
feet/year

 USGS gage flow 
measurements
 Malaga Bend
 Pierce Canyon Crossing

 Water Quality Testing
 2x/month by Center of 

Excellence for 
Hazardous Materials 
Management (CEHMM)
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The Pecos River Commission required changes to the River Master Manual in 2012 to allow New Mexico credit in the accounting for the reduction in flows in the river.Changes included the credit of 645 acre feet/year for diversions from the riverRequires water quality monitoring twice a month to calculate the average daily gain or loss of salt load between the 2 USGS gage locations at Malaga Bend and Pierce Canyon Crossing.If the salt gain is not decreased below the maximum of 367.7 tons/day, either New Mexico or Texas can cancel the operations.Data is being collected by the Center of Excellence for Hazardous Materials Management (CEHMM), a non-profit scientific research organization out of Carlsbad, NM.The began collecting in 2010 through 2012 for Pre-project conditions. Collect samples for streamflow, Total Dissolved Solids, Specific Conductivity and other data to determine the average daily salt loads and gain between the two USGS gage locations.



 Well drilled into brine aquifer 
in Salado Formation

 Can produce ~250,000 tons 
of salt per year (with 8 ponds)

 Permit from NM 
allows 4 ponds

 2013: Pumping 
begins

 2014: Began 
selling salt

C-2713
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Well C-2713 is drilled into the brine aquifer at bottom of Rustler Formation at the interface with Salado Formation and shallow aquifersCapable of supporting 250,000 tons per year of salt productionThat level would require up to 8 pondsPond permit from New Mexico Environmental Dept. allows 4 pondsPumping began in 2013 and by 2014, they were selling saltRate should increase to 6,000 tons per month by the end of 2015Plan to increase to 90,000 tons per year by mid-2016



 2nd well added in 
2016

 Facilities and 
equipment to dry, 
sort and process salt

 Pump at Well C-2713
 2.5-mile pipeline
 Three 20-acre 

evaporation ponds
 Fourth pond planned 

for 2016
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Southwest Salt has installed a pump in the previously permitted well C-2713 (Permit DP-1754) near the old USGS well siteThey constructed a 2 ½-mile pipeline to deliver the water to the evaporation ponds north of the river.They have also completed 3, 20-acre, synthetically-lined solar ponds. Just found out the have the funds to complete the 4th permitted pond and they will be constructing it later this year. Brine will be pumped from the aquifer and transferred north to a fiberglass distribution tank located adjacent to the evaporation ponds. From the tank, the brine will be gravity fed to each of the ponds as needed. Construction includes 



 In 2015, 197 acre feet pumped
 250 gallons per minute
 90,000 tons of salt
 1 foot of base salt required
 1 foot of salt expected per year
 Salt can be harvested after 18 

months
 2014-2015 increased pumping  

to >200 acre feet, 158 acre feet 
in 2016 so far
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In 2013, they pumped 221 acre feet from the well into the ponds at a rate of 250 gallons per minute.This water contained about 90,000 tons of salt which was removed from the aquifer below the Pecos River at Malaga Bend.Brine distributed to the ponds will be initially allowed to evaporate and precipitate approximately one foot of salt on bottoms of the ponds to serve as protection for the synthetic liners.About 1 foot of salt is expected to be generated each year.They expect that salt can be harvested after about 18 months of operation.Salt harvesting will be accomplished in a selected pond by pumping remaining surface liquids into an adjacent pond and then removing the solids.Brine will then be returned to the pond and maintained at a depth of 12 inches to continue the precipitation process. 



Pump from river into 
evaporation ponds

Evaporation process
Harvest salt with 

trucks
Processing facility –

dry, sort and bag
Water fowl concerns
 Observe daily
 Easy to capture birds
 Veterinarian on call for cleaning
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Pump water at around 250 gpm from well at river and through pipes up to ponds.Water evaporates leaving the saltBreak it up with large trucksStage it in pilesTransport to facilityAfter draining, it will be fed into a rotary kiln dryerThen it is sorted into the size for different applicationsRight now using it for water softenerBag



 Processing facility 
and equipment

 Salt for water 
softening 

Delivery by truck

“Pure Salt 
Harvested from an 
Underground Sea 
Below the Pecos 
River” at HEB

Presenter
Presentation Notes
The processing facility with the equipment to handle the salt produced from the ponds.The salt will be sold primarily for water softening, but there will be some sold for cattle feeding. Initial sales are expected to be in Texas and New Mexico and delivered by truck.Eventually, as business increases, salt may also be transported by rail.Have obtained permission for another diversion location for an onsite well to pump clean-er water to re-wash the leftover salt and produce it for other purposes to expand the client base.



Average Daily Salt Gain



Presenter
Presentation Notes
Looking at it from different perspective, the relationship of concentration of total dissolved solids to flow also seems less than pre-pumping conditions.Not that the trend line for the 2 sets of data is lower, although neither has a very good correlation.We will continue to monitor the water quality to gage the success of the project in reducing salinity from this reach. Comparing it to the downstream locations such as Red Bluff is more complicate due to the differences in the types and methods of data collection. I will be trying to see what can be determined as more data is collected.
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Presentation Notes
the relationship of concentration of salinity to flow also seems less than pre-pumping conditions.Not that the trend line for the 2 sets of data is lower, although neither has a very good correlation.We will continue to monitor the water quality to gage the success of the project in reducing salinity from this reach. Comparing it to the downstream locations such as Red Bluff is more complicate due to the differences in the types and methods of data collection. I will be trying to see what can be determined as more data is collected.
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