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districts seek to prevent waste, to provide hydrological educa

tional material to the agricultural sector, and to serve as focal 

points for the encouragement of water conservation. Largely 

through their efforts, the agricultural sector is now aware that 

the supply is ' limited and has recognized the need for wise use of 

the resource. 

Economically, the only viable water source for recharging the 

aquifer is precipitation. During periods of high precipitation, 

numerous surface depressions--known as playa lakes--collect 

surface runoff. While there is a general surface slope from 

northwest to southeast, water in the playas must collect to a 

depth of several feet--often as much as 25 feet--before spilling 

downslope into the next playa lake. Hence, each lake with its 

watershed is essentially a closed basin. These lakes occur one to 

two per square mile in the southern portion of the High Plains and 

density decreases northward. Estimates of the number of playa 

lakes on the High Plains vary from 19,000 (Schwiesow, 1966) to 

30,000. The Soil Conservation Service classifies most of the 

material comprising the lake beds as "Randall Clay", a compound of 

clay and silt with extremely low permeability. Since the period 

of runoff is generally too brief to do more than wet the soil to a 

maximum depth of a few feet, insignificant amounts of recharge 

occur from the runoff while it is moving overland to the playa 

lakes. Th us, rechar ge to the aq uifer must consist almost solely 

of water collected in the lakes. Estimates of runoff volume 

accumulated in the lakes in both the Texas and New Mexico portions 

of the Southern High Plains range from 1.8 to 5. 7 million acre 
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feet annually (Clyma and Lots peich, 1966). This is eq uivalent to 

about 4 to 11.5 inches over the irrigated portion of the area. If 

this runoff were to be recharged, the life of the aquifer would be 

materially extended. 

The average precipitation on the High Plains of Texas is 

about eighteen inches. Seventy percent of this precipitation 

occurs during the period of May through September. The climate of 

the High Plains is characterized by high summer temperatures, low 

humidity, and strong winds--all factors contributing to a high 

rate of evaporation from free water surfaces. These months of 

high evaporation rates correspond to the months of greatest 

precipitation, thus depleting the playa lake water by evaporation 

rather than allowing the desired infiltration to occur. Up to 90 

percent of the water may be lost to evaporation and evapotranspi

ration (High Plains Underground Water Conservation District No.1, 

1957) • 

The land, as well as the water, in the playa lakes is of 

potential value. Hauser (1966) estimated that within the High 

Plains of Texas, 500,000 acres of land is classified as Randall 

Clay. The farmers realized the value of the land long before they 

realized the value or need of water conservation. 

Isolated attempts at reclamation by draining the lakes were 

reported as early as 1918 (Myers, 1964). Various recharge schemes 

have been attempted since that time as the idea that water is a 

diminishing necessity has become more relevant. From these 

attempts three basic criteria for a viable solution to recharge 

have emerged. These are (I) economic feasibility; (2) technical 
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feasib.ility; and . (3) acceptable quality. 

NEED FOR ARTIFICIAL RECHARGE 

4 

Not all of the water collected in the playa lakes is "lost" 

by evaporation. Farmers have noted that whenever the lake is 

exceptionally full, there is a rapid decline in the water level 

for some period of time, soon followed by a period of very slow-

almost imperceptible--decline. The period of rapid decline is 

associated with infiltration of the water through the area con

taining little or no Randall Clay and lying outside the central 

silt-sealed lake bed. This area has been referred to by Wood and 

Osterkamp (1984) as the "annulus." They suggest that a signifi

cant amount of recharge occurs naturally through this area. Such 

a concept is plausible as may be seen in Figure 1. The volume 

represented by the crosshatched portion will be infiltrated and/or 

evaporated before the lake level recedes to a point where the 

water is contained within the Randall Clay. Oppel (1985) 

examined the frequency of such natural recharge to determine if 

the water remaining after such recharge was sufficient to warrant 

continued artificial recharge efforts. She used the SCS Runoff 

Curve Number method to simulate the runoff into nine playa lakes 

located in the Southern High Plains Region (Figure 2). These 

lakes had been monitored for a three-year period by the U. S. 

Bureau of Reclamation as part of the Llano Estacado Study (USBR, 

1982). Using their data to determine an appropriate curve number, 

Oppel simulated runoff for periods ranging from 24 to 79 years. 

She concluded that from 50 to 60 percent of the runoff which 

occur s remains in the lake after the natural rechar ge occurs and 

is thus available for recharge by artificial means. 



portion of lake volume available 
for recharge through annulus 

underlying sands and silts 

5 

Figure 1. Cross Section of Typical Playa Lake (Schematic; not to scale). 
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PREVIOUS RECHARGE EFFORTS 

Artificial recharge appears to have first been attempted on 

the Southern High Plains of Texas in 1918 when efforts were made 

to drain playa lakes to facilitate the use of the soil in the lake 

bottoms for crop production (Dennis, 1970). During these first 

rechar ge attempts, little thought was given to aq uifer replenish

ment. Well drilling for artificial recharge may have begun in the 

late 1940's; several recharge wells were found during field 

inspections in the summer of 1955 by personnel of the High Plains 

Under ground Water Conservation District No.1. The District con

structed a recharge well at Allmon's Gin in Floyd County in 1955. 

The well recharged water at a rate of 1050 gpm initially. After 

eight days of continuous recharge, 13 acre-ft of water and 300 cu 

ft of sediment had been injected in to the aq uifer. The well was 

rejuvenated by intermittent pumping. In 1957 the playa lake again 

received runoff, and recharge rates for a four-day period ranged 

from 620 gpm to 1700 gpm, with an average of 920 gpm. The aq uifer 

was recharged through the well until the lake was emptied. The 

well was again redeveloped by pumping at about 1000 gpm for an 

hour each day during recharge. 

The High Plains Research Foundation at Halfway, Texas, 

installed a recharge well in 1957. During one month of operation 

in 1959, approximately 68 acre-ft of water was recharged. A total 

of 7 acre-ft was pumped from the well during this time in 

redevelopment activities. About 300 acre-ft had been recharged by 

1961 with no reported decrease in pumping or recharge rates. 

(Brown and Signor, 1973). The Agricultural Research Service has 
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conducted several recharge projects at the Southwestern Great 

Plains Research Center at Bushland, Texas. Through the use of 

polyelectrolyte polymers and alum to flocculate and precipitate 

solids suspended in the playa lake water, the suspended sediment 

load of the lake was lowered by more than 90 percent. However, 

when this water was injected the residual sediment caused plugging 

of the wells during recharge. Wells equipped with a filtering 

system were also attempted. These gravel-packed filters were 

unsatisfactory because they clogged rapidly and decreased the flow 

to the recharge well. Efforts to clean the filters were only 

partially successful (Brown and Signor, 1973). The removal of 

suspended material by filtration without chemical flocculation was 

moderately successful as reported by Schwiesow (1966) and by 

Dvoracek and Wheaton (1969). Johnson and Crawford (1967) were 

able to inject water without sediment removal by using injection 

pressures of 50 to 80 psi. 

Spreading basin recharge was reported by Brown, Signor, and 

Wood (1978) as well as by Schneider and Jones (1984). This method 

is suitable for many areas of the Southern High Plains, and is one 

of the more economical methods of artificial recharge. In an 

idealized basin installation, water is pumped frOln a lake, treated 

with a chemical flocculent to speed settling of the suspended 

material, held in a settling basin to allow sedimentation, and 

finally pumped into one of several spreading basins. Whenever the 

flocculation/ sedimentation step is skipped, the sediment accumu

lates rapidly on the basin walls and floor impeding the infiltra

tion of the water. 
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OTHER USES OF PLAYA LAKE '.vATER 

Playa lake waters have been used for purposes other than 

recharge. A common use of the lake depression has been as a tail

water collection pit. A small pump is installed and the water 

collected is subsequently pumped back onto the field. Whenever 

natural runoff is present and additional irrigation water is 

needed, the same pump may be used to augment the well supply with 

lake water. The drawback to this operation is that water may be 

lacking when it is needed. A few lakes are used for recreational 

purposes; most do not retain water on a year-round basis and are 

not suitable for the maintenance of fish. Most of the playa lake 

areas provide some wildlife habitat, the extent depending on the 

care or neglect of the region by the farmer. 

The U.S. Bureau of Reclamation (1982), after a five-year 

study of the playa lakes, concluded that they were too small, too 

widely dispersed, and too undependable for use as a water supply 

for any concentrated demand. While the Fish and Wildlife Service 

has expressed an interest in maintaining the wildlife habitat 

features, the sporadic nature of the occurrence of water makes the 

lakes of questionable value. 

CURRENT RECHARGE INVESTIGATION 

After an article appeared in 1982 in Civil Engineering maga

zine describing the use of wick filters in the draining of 

saturated soils in causeway construction in San Francisco Bay 

(Morrison, 1982), Texas Tech researchers contacted suppliers of 

the wick material. Support for a laboratory investigation of the 

potential application of wick filters for playa lake recharge was 
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provided by Vibroflotation Foundation Company, Inc. Urban and 

Claborn (1982) reported on the results of these studies. Tests 

were made with the wicks in a vertical position suspended in the 

playa lake water. These quickly clogged with silt to such an 

extent that little or no water passed through the filter. The 

wicks were then placed in a sand stratum beneath 2 inches of lake 

bed material. The playa lake water was introduced on top of the 

artificial lake bottom. The filters used were 4 inches wide and 

approximately 15 feet long. Results are shown in Figure 3. Both 

materials tested gave flow rates of about 0.03 gpm per foot of 

length of filter. As was verified by laboratory analysis, the 

water contained no suspended sediment. The laboratory results 

were discussed with Mr. Wayne Wyatt, Manager, High Plains Under

ground Water Conservation District No.1, Lubbock, Texas, who 

offered the assistance of the District in carrying the research 

into the field. Through the offices of the District, a playa lake 

near Shallowater, Texas, was selected and agreements were executed 

with the farm owners and operators to allow installation, monitor

ing, and testing of the buried drain scheme. Funding was secured 

from the Texas Department of'vVater Resources to cover the cost of 

installation of the filters and the necessary monitoring eq uip

mente Suppliers were contacted for materials to be field tested. 

Sixteen filter lines were ultimately installed. The first objec

tive of the field testing was to determine installation techniq ues 

and design parameters for effective operation. Long-term charac

teristics of the filters and quality parameters are also being 

monitored. Most of the materials installed were of the nonwoven 
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polyproplene type. The core material (that which provides a flow 

path for the filtered water) varied from line to line. In addi

tion to the wicks supplied, some innovations were also installed: 

a perforated PVC sewer pipe was wrapped with a mesh-backed fabric, 

a gravel French drain was similarly wrapped, and a 6-ft by 20-ft 

blanket of filter material was also tested. Each filter provided 

g"ravity drainage to the instrument shelter located at the edge of 

the lake. Here the flow rate was measured by residential-type 

water flow meters after the water had passed through a catch basin 

that provided access for sampling as well as visual inspection. 

The water flowed from the meters by gravity into a recharge well 

which had been constructed for this purpose. 

The standard configuration chosen for the filters was a 

length of 100 ft, with burial at a depth of 6 inches, with the 

cover consisting of 3 inches of sand and 3 inches of clay. 

Variations, other than material and configuration, consisted of a 

line of 40 ft and a line of 60 ft length, and a line with 6 inches 

of clay and one with 9 inches of clay. The field layout is shown 

in Figure 4. 

The installation was completed in April, 1984. No precipi

tation sufficient to produce runoff into the playa occurred until 

June, 1984. As shown in Figure 5, significant rainfall occurred 

on June 14, 15, 17, a.nd 19. The playa lake watershed, however, 

did not produce runoff until the high intensity, short duration 

rainstorm of June 19 caused water to accumulate in the lake to a 

maximum depth of 9.5 inches. 
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1. PERFORATED PVC WRAPPED IN ENKADRAIN (3" dia.) 
2. HITE~ FILTER (4" wide, 60' long) 
3. HITEK FILTER (4" wide, 100' long) 
4. HITEK FILTER (4" wide, 40' long) 
5. MEBRADRAIN FILTER (4" wide, 100' long) 
6. CASTLEBOARD FILTER (4" wide, 100' long) 
7. HITEK FILTER (8" wide, 100' long) 
8. FRENCH DRAIN (100' long, gravel wrapped in POLYFILTER-X) 
9. PERFORATED PVC wrapped in POLYFIL TER-X 

10. HITEK FiLTER (4" wide, 9" of clay cover) 
11. H ITEK Fl L TER (4" wide, 6" of clay covet~) 
12. H ITEK Fl L TER (4" wide, 3" of clay cover) 
1 3. EN K A D RA I N B LA N K E T 
14. EN KAMAT /POLYPROPYLENE B LAN KET 
15. ALIDRAIN (4" wide, 100' long) 
16. MIRADRAIN (12" wide, 100' long) 

Figure 4. Recharge System Layout. 
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The filter flow lines were opened and flow rate data for each 

filter configuration were obtained. Initial flow rates ranged 

from zero to a maximum of almost five gallons per minute; conse

quently several of the reservoirs overflowed, necessitating 

volumetric sampling to determine flow rates through those lines. 

Figures 6 and 7 demonstrate the hydraulic performance of 

representative filters during the June, 1984, event. The PVC 

pipe, 100 ft long and 3 inches in diameter, . is a perforated pipe 

wrapped with a matrix of heavy nylon monofilarnents, and having a 

fabric filter attached to the outer side. The French drain is 

also 100 ft long and consists of a woven plastic filter cloth 

around a gravel core. The mat filter consists of a 6-ft by 20-ft 

mat of the material used to wrap the PVC pipe described above, and 

a perforated PVC pipe collector. 

Representative performance of "wick-type" filters is shown in 

Figure 7. The 8-inch and the 4-inch wide HITEK filters consist of 

a "knobby" plastic core with a filter fabric sleeve. The 4-inch 

Mebradrain filter utilizes a corrugated plastic core and a filter 

fabric sleeve. All filters shown in Figure 6 and 7 are 100 ft 

long and were installed at a depth of 6 inches under sand and clay 

covers each having thicknesses of 3 inches. 

As indicated by the flow rates, many of the flIters performed 

well, leading to the conclusion that the concept is indeed 

viable. Even though actual groundwater recharge was only inci

dental to the objectives of this particular study, approximately 

15 
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20 percent of the water in the playa passed through the filtra

tion/metering system during the June, 1984 event. It is antici

pated that an engineered, full-scale system may be capable of 

recharging 60 to 70 percent of the water that normally would be 

lost to evaporation. Some inconsistencies in the data obtained 

during this event indicated that installation problems existed. 

For example, performance of a filter 40 ft long was better than 

that of one 60 ft long of the same material and installation 

design. 

Operational problems with the flow measuring system also 

occurred. The flow in several of the lines was sufficient at 

time·s to overflow the catch basins. It was also noted that the 

delivery lines tended to "air lock" when the lake first filled 

with water. To correct these deficiencies, the catch basins were 

eliminated by connecting the lines directly to the flow meters. A 

tee with a valve was inserted to allow withdrawal of a sample for 

quality analysis. A standpipe was installed on each line to 

provide a point of air relief and also to allow observation of the 

energy loss in the 1-inch PVC line conveying the water from the 

end of the filter to the recharge site. A. submersible pump was 

installed in the recharge well to provide a means of obtaining a 

sample of the groundwater. 

Rainfall of sufficient magnitude to produce runoff did not 

occur until May 8, 1985. The lake then filled to a depth of 

approximately 2.75 ft. Unlike the experience in June, 1984, the 

first water from the filters contained noticeable suspended 

solids. This water was bypassed back into the lake rather than 
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recharged into the well. Water from most of the lines cleared 

after a few hours of operation, and was diverted into the recharge 

well. A notable exception was line number 1. The water from this 

line showed large quantities of suspended sediments; it was 

eventually closed and ignored until june 5. Runoff occurred again 

on May 16 resulting in a rise in lake level of 0.92 ft; again on 

May 23 raising the level by 1.16 ft; and on June 5 when the lake 

level increased by 2.9 ft to a depth of 4.56 ft, (Figure 8). 

After each occurrence of runoff, many of the lines showed visual 

evidence of suspended solids; these lines were bypassed into the 

lake until the water was clear before recharging the aq uifer. 

After the june 5 event, line 1 was allowed to bypass until it, 

too, became clear. The measurement of flow rate by use of the 

flow meters proved unsatisfactory for the low flows and inadeq uate 

for the high flows. Consequently, the rate of flow was determined 

once a day by volumetric means. Results of this period of 

rainfall are shown in Figures 9 through 24. An examination of 

these figures suggests that there is a decrease in flow rate with 

time as experienced in both the laboratory tests and the june, 

1984, event. It is also evident that the declining lake level is 

partly responsible for this decline as evidenced by the increased 

flow rates following an increase in lake level. This degradation 

of flow rate with time is probobly caused by one or more of the 

following factors: 

1. deposition of sediment on the surface above the 

filter with increased length of flow path of the 

water to the filter, 
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2. decline in hydraulic head as the lake level declined, 

3. growth of bacteria and other microorganislns in the 

filter fabric with increased resistance to flow, 

4. growth of bacteria and other microorganisms in the 

line between the filter and the recharge well, and 

5. compaction of the soil above the filter with flow of 

the water through it. 

Of these factors, the first two appear to be the most 

important, as demonstrated by line number 1. There was little or 

no deterioration of rate in the line during its shut-in period 

(Figure 9). 

The high sediment content observed initially in the filtered 

water had bypassed the filtering ac~ion of the clay either through 

the cracks in the clay, or through channels provided through the 

clay by decaying roots. There appears to have been ample 

opportunity for either to have occurred. The shrink/swell cracks 

probably became ineffective very soon after runoff to the lake 

began unless they had become lined with blowing sand during the 

dry season. The root channels would continue to allow unfiltered 

water into the system until enough sediment had been deposited on 

the filter sand and/or cloth to provide the needed filtration. 

As mentioned earlier, water quality samples were taken on a 

daily basis from the lake and from each filter line. As the flow 

rates decreased, the sampling interval was increased to four days. 

Additionally, several composite filter samples were collected for 

specific analysis. 
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POST-EVENT MODIFICATIONS 

Several inadeq uacies in the experimental setup became 

apparent during this period of recharge. On numerous occasions, 

the recharge well was unable to accept water at the rate avail

able. Some of the filters were throttled or the excess water was 

bypassed back to the lake. The original recharge well had been 

cased with 5-inch PVC with 20 ft of slotted pipe for perforations. 

The total depth was 115 ft from the bottom of the instrument 

shelter (approximately 125 ft from the natural ground level). The 

instrument shelter had begun to deteriorate and the instruments 

were exposed to the elements. The "bubble" type water level 

recorder used to obtain continuous lake levels failed due to 

inexperience by the operators with this type equipment. Levels 

thereafter were obtained from a staff gauge which had been 

installed at the center of the lake. Access to the gauge was to 

be by boat; a few times the student" waded to the gauge, possibly 

stepping onto one of the filter lines. Some of the lines 

continued to leak small amounts of water into the shelter due to 

breaks which had occurred after the June, 1984, event. These 

breaks had been caused by inadequate backfill near the shelter, 

resulting in differential settlement of the backfill material. 

These events led to the following remedial measures which have 

been undertaken since the May-June, 1985, event. 

1. A new 8-inch diameter gravel packed rechar ge well 

185 ft deep with 40 ft of screen and 20 ft of mill 

slot casing has been constructed approximately 12 ft 

from the old one. 
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2. The broken lines have been repaired and provision 

has been made to install six new filters using 2-inch 

PVC lines. 

3. A continuous water level recorder has been installed 

on a well located approximately 600 ft north of the 

recharge well by the High Plains Underground Water 

Conservation District No.1. 

4. The "bubble" type recorder has been replaced by a 

stilling well within the instrument shelter utilizing 

the line formerly tied to the Mebradrain filter (Line 

no. 6). 

5. The submersible pump has been relocated to the new 

recharge well. 

6. The original recharge well has been equipped with a 

float type continuous water level recorder. 

7. A new permanent instrument shelter has been con

structed. 

8. Water quality analysis has been completed. 

WORK REMAINING INCOt\.iPLETE 

Work has been halted due to the lack of funds. The follow

ing tasks are required to fulfill the long-term goals and objec

tives of the research: 

1. completion of the instrument shelter, including 

connection of the filter lines to the new recharge 

well, and 

2. installation of new filters. 
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WORK CURRENTLY IN PROGRESS 

One research project, with Dr. Heyward R. Ramsey, III as 

Principal Investigator, has been funded by the Texas Tech Univer

sity Water Resources Center. The objective of this research is 

the determination of the effects of the lake bottom materials (the 

Randall clays) on the quality of the infiltrated water from a 

chemical and a biological standpoint. 
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CONCLUSIONS AND RECOMMENDATIONS 

Work to date has resulted in the following conclusions 

regarding the use of shallow geotech-fabric-wrapped underdrains to 

salvage playa lake water for recharge. 

1. The geotech fabric tested to date is inadeq uate when 

used alone; it either does not stop the suspended 

sediment or clogs to the point of uselessness because 

of the sediment. 

2. A layer of the natural lake bottom material will 

provide the filtering needed, but it impedes the flow 

of water. 

3. The clay layer will crack (shrink) when dry allowing 

coarser material (sand) to coat the crack. This 

coarse material provides a hydraulically favorable 

path for the lake water without providing the needed 

filtering action. 

4. Roots of annual plants, which have penetrated into the 

sand portion of the filter system, decay during the 

winter months leaving a short-circuit for the water. 

These paths allow unfiltered water to enter the system 



until sufficient deposition occurs to effect filtra

tion. 

5. Care must be taken during filter installation to 

prevent spurious comparisons between the various 

configurations. This was particularly evidenced 

when the 40-ft length of 4-inch HITEK filter exhi

bited greater rates than either the SO-ft or 100-ft 

lines of the same material. 

S. The filter system should be sized to drain the lake 

in six to eight days of continuous operation. Most 

lines showed rapid decline in rate after this period. 

7. Lines 1, 2, 3, 5, 6, 8, and 15 exhibited very low 

rates. The 4-inch wide material did not perform well. 

8. Based on the comparison between lines 10 (9-inch), 

11 (6-inch), and 12 (3-inch), increasing the thickness 

of the clay layer is not as critical to hig h flow 

rates as had originally been assumed. 

9. "Blanket" type installations do not differ in perfor

mance significantly from the line type. 

10. Most of the decline in rate of flow is attributable 

to the decline in head as the lake declines, and to 

the concentrated deposition of new sediment where 

the water enters the soil. The latter statement is 

based on the performance of line no. 1. Although 

this line was not used for the first 30 days of 

operation because of quality problems, the rate of 

flow thereafter was essentially the same as it had 
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been before shutdown on the first day. 

Based on the results of this investigation to date, and on 

the potential value to the economy of the State, it is recommended 

that the investigation into the performance and the evaluation of 

the design parameters be pursued. Specifically, the following 

recommendations are set forth. 

1. Longer line filters, utilizing the 8-inch HITEK and 

the 12-inch MIRADRAIN materials should be installed 

to obtain much larger rates. 

2. Larger "blanket" type configurations should be 

installed, again to promote much larger flow rates. 

3. Employing quality control measures superior to those 

previously used, lines with 6-, 9-, 12- and 18-incg 

clay cover should be installed to determine the 

optimum clay depth. 

4. Both analog and field experiments should be conducted 

to determine the optimum depth of the collection 

drain. As the drain is placed deeper, a larger 

surface area of the lake supplies water to it, thus 

decreasing the rate of sediment deposition and main

taining higher flow rates; conversely, placing the 

drain at greater depths increases the length of flow 

path, thus reducing the flow rate. Analog analysis 

can predict the optimum depth; this should be veri

fied by laboratory and/or field tests. 
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5. All tests must be continued through several recharge 

events to determine if flow rates recover between 

events; if not, ways must be found to restore flow 

rates between events. 
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WA TER QUALITY RESULTS FROM SELECTED RECHARGE UNITS 

By R.H. Ramsey*, Y. Liu**, and T.M. Cole*** 

INTRODUCTION 

The water sampling and quality analysis phase of the playa 

lake rechar ge project was initiated after ru noff filled the playa 

lake on May 8, 1985, and continued through June 21, 1985. The 

results obtained form the basis for this portion of the report. 

Even though some filter systems contributed filtrate from the 

playa lake bed through August 2, 1985, the backlog of samples 

collected on the project dictated a cutoff date. June 21 was the 

date arbitrarily selected for completion of the series of tests . 

for this report. All water samples that were collected were 

analyzed for specific conductivity. However, more complete 

characterization of water quality parameters was made only on the 

lake water and on the effluent from four filter configurations. 

The effluent pipes that were selected for filtrate characteriza-

tion were as follows: 

Pipe 3. HITEK filter (4" wide, 100' long), 

Pipe 8. French drain (100' long, gravel wrapped in 

Polyfilter-X) , 

*Associate Professor of Civil Engineering, Texas Tech University 
Water Resources Center, Lubbock, Texas 79409. 

**Research Associate, Texas Tech University Water Resources 
Center, Lubbock, Texas 79409. 

***Research Assistant, Texas Tech Univesity \Vater Resources 
Center, Lubbock, Texas 79409. 
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Pipe 9. Perforated PVC wrapped in Polyfilter-X, and 

Pipe 13. Enkadrain blanket. 

48 

The procedures used in sampling and analysis, and the results 

obtained during the study interval will be discussed in the 

following sections. 

Sampling Activities 

Grab samples were collected in plastic bottles at selected 

sampling points. For samples of lake water an offshore point, some 

10 to 15 meters from the northern edge of the lake, was used. 

Grab samples of the filtrate were collected from the outflow of 

effluent pipes attached to the various filter systems which were 

contributing flow during the sampling interval. 

A daily sample collection regime for lake water and filtrate 

was planned for implementation after lake fills and after runoff 

events which caused visible changes in the suspended solids 

content. After an inital five- to seven-day period of daily 

sampling events, a two-day interval was employed for multi-day 

periods. If neither a rain event occurred in the interim period 

nor drastic changes were noted in conductivity, sample appearance, 

or odor, the time interval between sampling events was increased 

to four days. The dates of the sampling events, dates of the 

precipitation events and the amount of precipitation received 

at the study site are listed in Table 1. 

Sample Analysis 

The samples in their plastic containers were refrigerated at 

SoC without further preservation. Conductivity readings were made 
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TABLE 1 

DATES OF SArv1PLE COLLECTION EVENTS AND PRECIPITATION EVENTS 
FROM MAY 8, 1985, TO JUNE 21, 1985 

DATE PRECIP. SArv1PLE DATE PRECIP. SAMPLE 
(rrm) COLLECTION (rrm) COLLECTION 

5-08 41.8 X 6-01 7 • 1 X 
5 09 X 6-02 
5-10 11 • 4 X 6-03 0.8 
5-11 X 6-04 7.4 
5-12 X 6-05 85.9 X 
5-13 X 6-06 16.0 
5-14 6-07 X 
5-15 X 6-08 
5-16 10.7 6-09 X 
5-17 X 6-10 
5-18 13.4 6-11 10.4 X 
5-19 X 6-12 0.8 
5-20 6-13 X 
5-21 5.6 X 6-14 
5-22 19.0 X 6-15 
5-23 26. 1 X 6-16 
5-24 X 6-17 X 
5-25 X 6-18 16.3 
5-26 1 • 0 X 6-19 1 • 0 
5-27 X 6-20 
5-28 6-21 X 
5-29 X 
5-30 
5-31 
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with a YSI model 32 conductometer and corrected to 250 C using a 

coefficient of 1.9 percent per degree of temperature rise. Total 

dissolved solids, measured by gravimetric methods on selected 

samples, were found to approximate 64 percent of the values 

obtained for the total conductivity. This factor was used to 

calculate TDS from the conductivity data for the whole sample 

population. 

The characterization of samples taken from the lake and the 

four designated sampling points consisted of wet chemistry and ion 

chromatography methods. Wet chemistry methods, using the 

procedures outlined in Standards Methods (1985), were followed to 

determine total suspended matter, total volatile suspended matter, 

and bicarbonate. Turbidity measurements were determined using a 

Sar gent-Welch S-83700 turbidimeter. A Dionex ion chromatographic 

instrument was used to determine all other anions and cations 

except the bicarbonate in the samples. General pretreatment 

included filtering the samples by syringe filter (pore size 0.2 

micrometer) before injection. One-point calibration was used 

throughout the analysiS and concentrations were calculated by 

comparing peak heights between samples and standards. Whenever the 

presence of a certain ion was not detected, the minimum detection 

limit for that particular ion was reported rather than a zero or a 

label of ND. Bicarbonate was determined by titrating samples 

against sulfuric acid to an end point at pH = 4.3, this was 

monitored by both a pH meter and a methyl red indicator. 
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RESULTS 

Characteristics of the playa lake water and the recharged filtrate 

were of interest to the project staff because of the potential 

impacts on the effective life of the recharge system and the 

public health aspects posed by the recharged water that was 

introduced into the groundwater at the test site. As an aid in 

evaluating the health impacts of the recharge water, a lake water 

sample and a composite filtrate sample taken from all contributing 

filter units were analyzed as potential sources of potable water 

by the Texas Department of Health laboratory in Austin. The 

results of this analysis are portrayed in Table 2. Differences in 

characteristics were observed between the playa lake water and the 

composite filtrate sample. The pH values shown for the samples do 

not agree with what was found by the project staff in other 

samples that were tested. Generally, the pH values in the filtrate 

samples during the study period were larger than those found in 

the lake water. 

With the exception of the hardness level of the filtrate 

sample, the water samples tested met the EPA primary drinking 

water standards for inorganic chemicals and fluoride and only 

exceeded the proposed guidelines for secondary drinking standards 

in iron and manganese content. Additional studies would be 

req uired to determine the presence of or ganic chemicals which 

might violate the drinking water standards and the microbiological 

characteristics of the filtrate over a recharge event. 

The differences, reported in Table 2, in water quality 
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TABLE 2 

WATER SAMPLE CHARACTERISTICS FRCM ANALYSIS PERFORrv1ED BY 
DIVISION OF WATER HYGIENE-TEXAS DEPARTIv1ENT OF HEALTH 

AUSTIN, TX 

PLAYA FILTRATE 
PARA1V1ETER LAKE WATER CCMPOSITE 

(5-27-85) (5-27-85) 

Calcium (mg!l) 32 113 
Magnesium (mg/I) 6 19 
Sodium (mg/ I ) 3 5 
Bicarbonate (mg / I ) 133 459 
Sulfate (mg/I) 4 3 
Chloride (fig/I) 2 4 
Fluoride (mg / I ) 1 • 1 1 .0 
Nitrate (mg / I ) 0.04 <0.01 
Dissolved solids (mg/ I ) 121 384 
Phen. Alkalinity 

as CaC03 (mg/ I ) 0 0 
Tot. Alkalinity 

as CaC03 (rng/ I ) 109 376 
Total Hardness 

as CaC03 (mg/ I ) 103 361 
pH 8.2 7.9 
Diluted Cond.(micromhos/cm) 226 755 
Potassium (mg / I ) 8 NR 
Arsenic (mg/l ) 0.01 0.027 
Bar i urn (mg /1 ) <0.5 <0.5 
Cadmi urn (mg/l ) <0.01 <0.01 
Chromi urn (mg / I ) <0.02 <0.02 
Copper (mg/l ) <0.02 <0.02 
Iron (mg/ I ) 10.4 1.56 
Lead (mg/l ) <0.05 <0.05 ' 
rvlangane se (mg / I ) 0.24 2.38 
Mercury (mg/ I ) <0.0002 0.0003 
Selenium (mg!l) <0.008 <0.008 
S i 1 ver (rng/I) <0.01 <0.01 
Zinc (mg /1 ) 0.06 0.03 
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characteristics between the playa lake water and the composite 

sample of filtrate were observed throughout the study period. 

Quality was observed to vary both spatially and temporally. The 

discussion of results will be conducted under these categories. 

Temporal variations in water quality 

Lake water 

Runoff events that filled and refilled the playa lake were 

the major determinants of the quality characteristics of the lake 

water. Total suspended solids and turbidity were highest in the 

aftermath of runoff events. High winds which generated waves on 

the lake surface were noted to have an impact on the suspended 

solids content of the lake water. 

Table 3 lists the sample results for the lake water with the 

exception of the TSM, TVSM, and the turbidity c After the initial 

filling of the lake on May 8, dilution effects of runoff generated 

in later precipitation events such as that which occurred on June 

5 (Table 1) could be noted by the reduced concentrations of many 

dissolved su bstances in the lake. Nitrate and nitrite levels, 

however, increased with runoff. Conductivity levels were seen to 

increase over the time intervals between runoff events. The 

greatest increase in conductivity occurred in the period from fi1ay 

11 to May 21 when conductivity increased from 220 microsiemens/cm 

(pS/cm) to 361 pS/cm. Rainfall and runoff events which occurred in 

the study area during the remainder of the sampling period reduced 

lake conductivity below the 300 ,pS/cm level. 



TABLE 3 

SAMPLING DATE AND ANALYSIS RESULTS IN MG/L FOR PLAYA 
LAKE WATER (MAY 8, 1985) TO JUNE 29, 1985)a 

:3amp 1 ~ uSI em 
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Dat~ · Pip~ Bottl~ Condo TDS HOJ3 F Cl N!N02 P/P04 Br- N/NO:3 :304 Mg Ca Na K NH4 
5-08 S 2047 
5-08 
5-08 
5-09 
5-10 
5-10 
5-10 
5-10 
5-11 
5-12 
5-U 
5-15 
5-17 
5-19 
5-21 
5-21 
5-22 
5-23 
5-24 
5-24 
5-25 
5-25 
5-26 
5-27 
5-29 
6-01 
6-05 
/:;-07 
6-09 
6-11 
6-1 :::: 
/:..-17 
6-21 
6-25 
6-29 

S 2009 
S 200::: 
:3 2017 
::: 1001 
S 2001 
:3 2014 

po 
S :3001 

471 
S :3010 
S 498 
S 12 
S 3200 
:3 4349 
S 4:34::: 
:3 4415 
S 4616 
S 20Se. 
S 2025 
S 2505 
S 2006 
S 2529 
::; 5011 

S 2057 
::; 10(1::: 
S 4122 
S 441 
:3 4014 
S 4--::u:j 
::: 45.~, 

S 451 

155 9'1 1. 5 2.0 0.28 0.33 4.2 
1_-·--· 
~ 78 

15:3 '1:3 '17 1.1 1. 5 0.004 0.020.2:3 5.7 1.4 7.1 2.7 :::.50.14 
184 118 
174 111 
172 110 
187 120 
228 14t. 
252 161 
250 160 
:328 210 
310 198 
:324 207 
349 ·-'·-.·-r 

".:.' 
361 231 
314 201 
164 105 

110 

1:30 
14~: 

169 
182 

156 
192 
20:3 

205 1:31 169 

1.1 
1.1 
1.1 
1.1 

0.004 

2.0 
2.1 0.004 
2.3 0.004 
2.3 O.O()4 

1.2 :3.2 0.004 
1.1 3.3 0.004 
1.1 3.:3 0.004 

0.02 3.6 8.8 0.14 

0.01 7.1 
0.02 0.01 7.1 7.1 29.1 2.9 9.7 0.14 
0.02 0.01 7.4 6.4 30.2 2.9 11.5 0.14 
0.02 0.01 10.9 7.5 35.0 3.3 12.5 0.14 
0.02 0.01 
0.02 0.01 
0.02 0.01 

:3.7 9.1 42.2 3.2 15.1 0.14 
8.9 10.4 46.1 3.0 15.4 0.14 
8.7 11.1 50.0 :3.3 15.3 0.28 

1. 5 :3.:3 0.004 0.09 0.02 0.02 .S.5 10.9 54.:3 
54.8 

:3.9 24.4 

3.3 14.2 0.3:3 
3.0 14.2 0.95 
1.5 5.1 0.10 

1 -j :3.1 0.004 0.30 0.02 0.01 6.4 10.5 
1.1 0.6 0.130 0.26 0.02 0.44 1 .~ .v 

262 If.S 101 1.:3 2.2 0.004 0.20 i).02 0.10 2.8 8.7 43. :3 2.4 9.7 0.30 
224 
170 
211 
204 
274 
2S1 
120 
f -:.:. 
J. ._:I~ 

.162 
17:3 
185 
225 

14:3 
109 

131 
175 
1:::0 
77 
87 

104 
111 
11:3 
144 

101 
114 
128 
15B 
195 
104 
91 
-,r. 
IC' 

103 
97 

141 

1.0 
~ .-, 
.L • ..::. 

1.0 
1 -:. 
J.. '_' 

1 -, .... 
0.8 
0.6 
0.1:.. 
O.S 
0.7 
0.9 

1.5 0.030 0.20 0.02 0.10 
1.1 0.004 0.09 0.02 0.0::: 
1.00.0040.200.020.02 
1.4 0.030 0.13 0.02 0.01 
1.1 0.030 0.04 0.02 0.01 
0.4 0.060 0.04 0.02 0.22 
0.4 0.004 0.10 0.02 0.10 
0.5 0.004 0.04 0.02 0.09 
0.5 0.010 0.04 0.02 0.07 
0.6 0.020 0.06 0.02 0.12 
0.7 0.010 0.04 0.02 0. 05 

:3.1 4.7 25.8 
2.5 5.1 28.7 

2.:;: 7. ~:: 42. 1 
3.0 10.1 4:::.0 
2.2 2.7 20.1 
1.4 2.7 1:3.9 
1.4 2.::: 1:::.9 
1.5 3.6 26.6 
1.7 4.0 26.8 

1 ~ 
J..l 

1 .., 
L. I 

1.9 
1.0 
0.9 
0.9 
0.9 
1.0 
1.1 

7.3 0.26 
7.9 0.20 
7.'1 0.32 
9.1 0.60 
9.1 0.60 
4.1 0.14 
:3.8 0.20 
4.5- 0.17 
5.0 0.20 
5.2 0.24 
6.2 0.29 

249 159 1:::S 1.0 0.8 0.010 0.04 0.02 0.01 1.9 7.3 39.5 1.2 6.5 0.30 
1.0 1.1 0.004 0.04 0.02 0.01 2.1 8.8 46.4 1.3 7.7 0.01 

300 192 

a Values for minimum detection limits (MOL) are filled in wherever no detection 
1-

is possible. The values are: 0.004 mg /1 for N0
2 

-N, 0.01 mg/I for NO; -N, 
3-

0.04 mg/I for P0
4 

-P, and 0.02 mg/I for Br-. 
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Filtrate 

The filtrate samples generally exhibited low values of TSM, 

TVSM, and turbidity during the interval between runoff events. 

High values were noted in the filtrate samples taken immediately 

after the lake filled in May. Cracks in the soil above the filter 

units could have caused short-circuiting of the lake water 

directly to the filters before swelling of the soil particles 

and/or sedimentation caused the cracks to close. Values obtained 

for these tests were observed to increase in the aftermath of 

runoff events that occurred after the initial filling of the 

playa. 

Odors were noted in filtrate samples collected on May 15. 

Measurements on these samples showed some COD in excess of 300 

mg/l. Biological growths were observed in the stored samples. 

Microbiological tests were initiated on one sample collected on 

May 17 to determine the types of organisms that were present. This 

work was followed by a test to determine the types of organisms 

found in a slime growing on the floor of the test chamber in July. 

The results obtained using standard microbiological procedures and 

Bergey's Manual of Determinative Bacteriology (1974) showed that 

the species in both samples were different strains of Sphaerotilus 

natans, a type of sheath bacteria. The habitat of Sphaerotilus 

natans is in slowly running fresh water contaminated with sewage 

or waste water. In iron-containing waters, iron hydroxide may be 

deposited in or on sheaths; these then turn yellow-brown and 

sporadically become encrusted with ferric iron. The two strains 

are both aerobic and gram negative with a temperature range of 
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150 to . 370 C. The second strain found in the slime sample had a 

positive fermentation test and was shown to reduce sulfur, whereas 

the organisms in the water sample showed negative results. No 

biological problems of the magnitude of that observed in mid-May 

occurred later during the study period. 

Table 4 portrays the water quality characteristics of the 

filtrate obtained ' from pipe 3. The trends illustrated in this 

table were representative of the data obtained from filtrate in 

the other three units. Conductivity of the filtrates was higher 

than that observed in the lake water and increased more rapidly 

with time. Conductivity increases were paralleled by the 

increases observed in the bicarbonate content of the water. The 

values of bicarbonate, HC03-, which more than tripled in pipe 3, 

doubled or tripled in the other filter units. Increased C02 levels 

due to bacterial action in the soil matrix may have caused the 

large increases that were observed. Increases in bicarbonate 

levels of the filtrate would indicate the solution of carbonates 

in the soil matrix. The levels of Ca2+ and Mg2+, which generally 

doubled in value from the lowest levels observed in the initial 

sampling periods, also indicate that carbonates were dissolved. 

Fluoride values in the filtrate from all units peaked in the 

period from May 17 to May 19. 

Chloride and sulfate levels were seen to decrease with time 

from the start of sampling. Leaching of chloride from the soil 

with time is to be expected since chloride is not retained in 

permeable soils when percolation occurs. Sulfates occur in soils 

as a result of the decomposition of soil organic matter. The 



TABLE 4 

SAMPLING DATE AND SAMPLE ANALYSIS RESULTS IN MGIL FOR 
FILTRATE FROM HITEK FILTER SYSTEM THROUGH PIPE 3 

(MAY 8 , 1985, TO JUNE 25 , 1985)a 

Sampl~ IjS/ ern 
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Date Pipe Bl)tt i ~ Condo TII8 He0:3 F Cl N/N02 P/P04 Br N/ N03 804 Mg Ca Na i·'-, .•. NH4 
5-09 :3 2054 246 157 
5-09 
5-10 
5-11 
1:"_1,":1 
._1 J. .. 

5-15 
5-17 
5-19 
5-21 
5-21 
5 .",.-. . -~~ 
5-2:3 
5-24 

5-2t. 
5-27 
5-29 

6-05 
6-07 

1;.-11 
6-13 
.~-17 

6-21 
6-25 

:3 206:3 
:3 1·-· ... · 

3 370 
:3 800:3 

:3 4101 
33109 
:3 4346 

:3 4401 
:::: 4613 
:3 2004 
:3 2502 

:3 408 
:3 167 
3 2003 
:3 2072 
:3 4117 
:3 418 
:3 2043 
3 3102 
:3 3103 
.j 2041 
:~: 4616 

242 
220 

:340 
394 
1;.44 
679 
667 
675 

155 
141 
181 
218 

412 
435 
427 
432 

680 435 
720 
655 
M9 
699 
689 

i22 
767 

537 
540 
524 

680 
765 
820 

461 
419 
415 
447 
441 
437 
462 
491 
44::: 
:344 
:346 

:375 
4:35 
490 
525 

1:36 
123 
162 
188 
17.:'1 
403 
448 
455 
315 

:370 
448 

477 
408 
500 
411 
391 
614 
:357 
:35i 
356 
390 
408 
518 

0.8 
0.8 
1.6 
1.3 
0.6 
4.8 
3.7 
..., lj 
La 'J 

1.3 
1.3 
1 .! 

1 .j 
J.. ,_, 

1.3 
1.:3 
1.3 
1. :3 
1 .! 

1.1 
1.1 
1.4 
1 .j 
•• • .j 

1 .-. .'" 
1.3 
1.3 

4.5 0.004 0.04 0.02 0.01 
3.8 0.004 0.04 0.02 0.01 
4.1 0.004 0.04 0.02 0.01 
5.0 0.004 0.05 0.02 0.01 
2.5 0.004 0.08 0.02 0.01 
5.4 0.004 0.04 0.02 0.01 
6.0 0.004 0.04 0.02 0.01 
5.8 0.004 0.04 0.02 0.05 
5.3 0.004 0.05 0.11 0.01 

5.:3 0.004 0.05 0.11 0.01 
4.3 0.004 0.10 0.09 0.01 
3.7 0.004 0.10 0.06 0.01 
3.5 0.004 0.15 0.06 0.01 
3.5 0.004 0.05 0.09 0.01 
2.9 0.004 0.05 0.10 0.01 
2.7 0. 004 0.04 0.12 0.01 
2.7 0.004 0.04 0.20 0.01 
2.4 0.004 0.10 0.20 0.01 
1.6 0.004 0.04 0.02 0.02 
1. 5 O. 004 O. 04 O. 02 I). 02 
1.5 0.004 0.04 0.90 0.01 
1.5 0.004 0.04 0.10 0.01 
1.5 0.004 0.04 0.15 0.01 
1.6 0.004 0.04 0.17 0. 01 
1.8 0.004 0. 04 0.23 0.01 

17. 1 ,_, •. _. 35. 5 
14.6 6.7 30.8 
1:3.3 8.8 43.5 
10.9 
4.2 4.4 24.3 
.~. 4 20.5 104.1 
4.0 23. :3 112.3 
2.7 22.3 109.2 
.... ..... -:'.., tJ 
i.. ,j "'_'.'J 87.6 

2.:3 24.3 45.4 
1. 1 22.7 98.7 
1.2 23.7 9:3.0 
1. 1 24.:3 112.9 
0.7- 24.8 116.9 
0.9 25.7 120.8 
0.5 27.4 119.9 
0.6 30.5 118.2 
2.8 27.4 119.7 
1. :3 17.3 94.7 
1.419.593.9 
1.3 20.7 86.8 
0.:3 22.3 10t .• 2 
O.t. 26.5 124.0 
1.7 :30.8 121.6 

3.1 6.4 0.01 
:3.3 6.4 0.19 
3.9 9.3 0.01 
4.2 10.7 0.01 
1.8 4.9 0.01 
5.3 15.7 0.01 
7.1 16.4 0.01 
5.6 15.9 0.01 
5.4 13.6 0. 02 

5.4 13.5 0.19 
4.8 12.1 0.04 
5. 0 11.4 0.03 
5.0 11.3 0. 01 
5.3 11.2 0.01 
4':; 11.4 0.03 
4 7 11.9 0.01 
5.8 15.0 0.02 
5.6 14.0 0.20 
4.9 10.5 0.01 
4.8 10.1 0.01 
4 q 10.7 0. 08 
5.1 11.0 0.15 
5.3 11.8 0.1:3 
5. 4 11. :3 I) • 28 

a Val ues for minimum detection limits (MOL) are filled in wherever no detection 
1- -is possible. The values are: 0.004 mg/I for N02 - N, 0.01 mg/l for N0

3 
-N , 

3- -0.04 mg II for PO 4 -P 1 and 0.02 mg II for Br . 
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, anaerobic conditions produced in saturated soil could have caused 

the reduction of sulfates to sulfides which precipitated out in 

the soil matrix. 

Spatial variations in water 9 uality 

The spatial distribution of quality characteristics, shown in 

Table 5, is based on the geometric means of the samples collected 

over the test period and the geometric means of grab samples of 

groundwater obtained in one sampling event from four wells within 

a 1.5 km radius of the rechar ge study area. Lake water levels of 

TSM, TVSM, 5042-, N03--N, N02--N, P043-, and turbidity exceeded 

those of the filtrate. Surface water levels of N02--N, N03--N, and 

P043.:.. also were greater than the values obtained in the ground

water. Of the remaining substances, only HC03- and Ca2+ were 

present in the filtrate in larger concentrations than the levels 

found- in the groundwater at the site. The K+ content of the 

groundwater was greater than the concentrations observed in two of 

the filtrates. Of the substances tested in the groundwater only 

the fluoride content exceeded the primary drinking water 

standards. 

Values of the ion content at the different sampling points, 

as expressed by the geometric means, are given in Table 6 and 

Table 7. Table 6 shows the ion balance differences between 

sampling points. The primary anion in the lake water and the 

filtrate was HC03- and the primary cation was is Ca2+. The lake 

water shows low. ionic concentration and a low degree of error 

between the differences in anion and cation content. The ion 



TABLE 5 

GEOvtETRIC MEANS IN NlJ/L OF SELECfED WATER QUALITY 
CHARACfER I ST I CS FRCM DES I GNATED SM1PL I NG PO I NTS 

ON THE PLAYA LAKE STUDY SITE 
(MAY 8, 1985-JUNE 21, 1985) 
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SUBSTANCE LAKE PIPE PIPE PIPE PIPE GROUND 
3 8 9 13 WATER a 

TSM 144.9 31.5 12.4 38.0 4.0 NRb 

TVSM 31.5 5.79 6.32 6.25 3.05 NR 
IDS 135 349 608 ( 408 381 875 

HC03- 129 337 542 370 337 280 
CI- 1 • 3 3.0 5.6 4.3 2.6 174 

S04 2- 3.5 2.2 0.6 1 • 9 1 • 1 192 
F- 1 .0 1 • 4 2.4 1 • 2 1 .4 3.86 

N03--N 0.03 0.01 0.01 0.01 0.01 0.01 
N02-':'N 0.008 0.004 0.004 0.004 0.004 0.004 
P043--p 0.09 0.05 0.04 0.07 0.04 0.04 
Br- 0.02 0.06 0.08 0.08 0.06 12. 1 
Ca 2+ 31.8 84.0 146.8 92.5 83.8 81.2 
Mg2+ 5.8 19.0 43.6 18.0 17.7 62.5 
Na+ 1.9 4.7 5. 1 6.5 4.9 93.2 
K+ 8.2 11 • 1 21.0 13. 1 15. 5 14.8 

NH4+-N 0.02 0.03 0.02 0.01 0.01 0.04 

Cond. c 214 550 949 638 599 1367 

Turb. d 75.2 15. 1 8.74 12.2 3.69 NR 

a geometric means of 4 grab samples of water from 4 wells in 
vicinity of playa lake 

b not recorded 

c microsiemens/cm 
d NTU 
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TABLE 6 

GEOv1ETRIC MEANS IN .MEQ/L FOR SELEcrED ANIONS AND CATIONS 
AT DESIGNATED SAMPLING POINfS ON THE PLAYA LAKE STUDY SITE 

(MAY 8, 1985-JUNE 21, 1985) 

ION 

HC03-

Cl -

S042-

F-

Br-

Anions 

Ca 2+ 

Mg2+ 

Na+ 

K+ · 

Cations 

0/0 Er ror 

LAKE 

2. 114 

0.037 

0.073 

0.053 

0.001 

2.278 

1.587 

0.477 

0.083 

0.210 

2.357 

3.47 

PIPE 
3 

5.523 

0.085 

0.046 

0.074 

0.001 

5.729 

4.192 

1.563 

0.204 

0.284 

6.242 

8.97 

PIPE 
8 

8.882 

0.158 

0.012 

0.126 

0.001 

9. 179 

7.325 

3.587 

0.222 

0.537 

11.671 

27. 15 

PIPE 
9 

6.064 

O. 121 

0.040 

0.063 

0.001 

6.289 

4.616 

1.481 

0.283 

0.335 

6.715 

6.77 

PIPE 
13 

5.523 

0.073 

0.023 

0.074 

0.001 

5.694 

4. 182 

1.456 

0.213 

0.39·6 

6.247 

9.71 

GROUND 
WATER a 

4.589 

4.907 

3.997 

0.203 

O. 151 

13.847 

4.052 

5. 141 

4.054 

0.378 

13.625 

1.63 

a geometric means of 4 grab samples of water from 4 wells in the 
Vicinity of the playa lake 
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TABLE 7 

EQUIVALENT RATIOS FOR SELECfED ~VATER CHARACfERISTICS IN lV1EQ/L AT 
DESIGNATED SAl\1PLING POINTS AT THE PLAYA LAKE RECHARGE SITE 

(Mt\Y 8, 1985-JUNE 21, 1985) 

RATIO LAKE PIPE PIPE PIPE PIPE GROUND 
3 8 9 13 WATER 

S042- /CI- 1.97 0.54 0.08 0.33 0.32 0.82 

HC03- /CI- 57.02 64.97 56.20 50. 12 75.62 0.93 

Ca 2+ /CI- 42.97 49.29 46.33 38. 18 57.26 0.83 

HC03-/Na+ 25.73 27.07 40.00 21.43 25.92 1 • 13 

K+/Na+ 2.56 1.39 2.42 1 • 19 1.86 0.09 

Ca 2+/Na+ 19.39 20.53 32.97 16.38 19.62 1.00 

Mg2+/Ca 2+ 0.30 0.37 0.49 0.32 0.35 1.27 

SARa 0.13 0.29 0.27 0.38 0.30 4.49 

IBAb -0.116 -0.072 -0.067 -0.081 -0.097 +0.096 

a adjusted SAR = Na[(Ca + Mg)/2]-O.5[9.4 - p(K'2 - K'c} - p(Ca -
Mg} - pAl k] 

b base exchange index where positive index is: 

and where negative index is: 
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content of the filtrates was approximately uniform with the 

exception of the filtrate from pipe 8 which was approximately 5 

meq/l higher than the others. The flow in pipe 8, being much 

lower than in the other systems, could have provided the percolate 

water a longer period of contact with the soil for greater 

solution of the soil materials. The percent error exhibited for the 

cation-anion balance was excessive for pipe 8. It is thought that 

the refrigerated storage of the filtrate samples for this system 

as well as the others could have caused precipitation of 

carbonates if the samples were supersaturated with cations. Mg2+ 

and CL - were the dominate ions in the groundwater. The high levels 

of ~Jg2+ in the groundwater indicated that dissolution of magnesium 

bearing compounds such as dolomite or magnesite was taking place 

in the profile. 

Table 7 gives equivalent ratios developed using the geometric 

means, in meq/l, for selected water characteristics for the 

_ different sampling points. The greatest differences that exist 

were between the values obtained for the lake water and filtrate 

and those obtained for the groundwater; this was to be expected 

after examination of Tables 5 and 6. The 8°42- /CI- ratios of the 

filtrate were lower than those of the lake water and the ground

water. The levels involved in the filtrate were so minor, however, 

that little importance can be attached to this finding. Percentage 

differences between the other ratio values of lake water and 

filtrate were minor when compared to the differences between these 

values and those of the groundwater. 
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The SAR value for the groundwater indicated that increasing 

problems can occur with irrigation. The levels of sodium, 

chloride, and bicarbonate shown in Table 5 also indicated that 

problems could occur to vegetation if this water were to be 

applied with sprinklers [Ayers (1975) in Bouwer (1978)]. 

The base exchange index, IBA, introduced by Schoeller (1951, 

1962) in Matthess (1982), calculated for the study values 

indicated a difference in water quality between the groundwater 

and the water at the other sampling points. A negative base 

exchange index, such as those calculated for the lake water and 

the filtrate, indicates that the alkaline earth ions (Ca2++ Mg2+) 

in the water have been exchanged for the alkali ions (Na++ K+) in 

the soil. A positive IBA indicates that exchange of alkalis in the 

water for alkaline earth material in the rock is favorable. The 

IBA value of the groundwater - and the difference in the Ca2+ /Na+ 

ratio exhibited between the groundwater value and those of the 

lake water and the filtrate indicated that exchange had taken 

place. Matthess (1982) gives several reasons why the levels of 

Mg2+ can exceed those of Ca2+. Fir st, Mg2+ can rise because of 

l\IIg-Ca ion exchange. Secondly, the higher solubility of magnesium 

compounds with respect to calcium-bearing materials could account 

for the increase in Mg2+ content. Finally, when water saturated 

with Ca(HC03)2 contacts gypsum or anhydrite-bearing rocks the 

soluble sulfates are dissolved or if the solubility limit is 

reached only the more soluble MgS04 or MgC12 may contribute to the 

solutes. 
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The differences in the HC03- content between the filtrate and the 

groundwater would provide conditions suitable for deposition of 

carbonates in the vicinity of the recharge well as the recharge 

water mixes with the groundwater. The high levels of Na+ and CI

found in the groundwater also gave evidence of the differences in 

ionic concentration \yhich showed that the waters were different 

and that adjustments in the mixed waters will be made to obtain a 

new equilibrium condition. The differences in temperature between 

the recharge water and the groundwater could also cause deposition 

of carbonates to occur during the warmer periods of the 

year when most of the recharge events can be expected. 
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